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ABSTRACT

The Captain Creek Limestone is the basal member of the
Stanton Formation (Missourian) of eastern Kansas. In northem
Kansas, the member is divisiable into three units. The lower
limestone is a medium-grained, olive-gray, massive bed and
averages from 1.5 to 2 feet thick. In northern Kansas, it
contains a blota dominated by mollusks and Osagia with minor
elements of small brachiopods and fusulinids. In central
Kansas, this fauna mostly disappears and i{s replaced by "Marksia" .
This lower limestone unit grades Into shales in southern ¥Wood-

4 8on or northern Wilson County. The upper limestone unit s

B Cine-greined, light blve-grey, snd medium-bedded. It 18, generally,
| much thicker than the lower unit. In northern Kansas, the

upper unit ranges from 6 inches to about 8 feet and the bilota

‘ the south. The "mottled™ limestone at the top of the Captain
Creek in Johnson and Franklin countfes is & local facies of
the Evdora Shale. A thin limy shale parting separates the
upper and lower limestone umits In most of northern Kansas.
The Captain Creek of southern Kansas belongs to a diff-
erent sedimentary facies than that ¥ northern Eansas. From
Southern Woodson County,southward, dnly the upper unit can
be recognized. In northern Wilson Uounty, the Captain Creek
18 a medium- to cosrse-grained, medium- to thin-bedded 1ime-
Stone 5 to 6 feet thick. Locally, it conteins abundant Osagia

The Captain Creek thickens southward to 6% feet in Montgomery
- County.
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The thick limestone of northern Hontgomery County thins
southward to about 15 feet in central Montgomery County and to
about 2 to 3 feet a few miles south of there. The wmember grades
into shales and disappears in southern Hontgomery County. An
oolitic limestoneé in southern Montgomery County, which has
been included in the Captain Creek, 1s part of the Lane-Vilas
Shale.

The thick Captain Creek Limestone of Montgomery County
exhibite features suggestive of a reef. Except for the Merriam,
2ll limeastone units of the Lansing Group are abnormally thick
in southern Wilson and/or northern Montgomery counties. If the
Captain Creek is a reef, the other thick lLansing limestones
probably are also reefs. The relative positions of the outcrops
leads to the conclusion that the reefs of the lansing exhibit
regresaive and transgressive characteristices.

The Merriam and Captain Creek, while occupying similar
positions in two different Missourlan megacyclothems, are
comparable only in northern Kansas. In southern Kansas, the
sedimentary facles of the two members is different from each
other and from that of northern Kansas.




INTRODUCTION
Furpose of Investigation
The purpcse of thie investigation is to study the Captain
Creek Limestone member of the Stanton Limestone formation of
Kansas with special attention to its local and regional vari-
ation and to the environment of deposition.
Previous Work
Hinds (1912, P. 38%.7) defined the Lansing Formatlon as
extending from the top of the "lower lane Shale" (Island Creek
Shale of the present terminology) to the base of the Weston
aﬁale. The Stanton Limestone at that time was considered to be
the topmost member of the Lansing Formation. In a later pub-
_ lication (Hinds & Greene, 1915, p. 28-30 & 155-169), Hinds
 further desoribed the Lamsing Formation, stating that its type
. .um was In the vicinity of lLansing, Kensas, and that it was
the same as the Oarnett Limestone as defined by Haworth & Kirk
{189%) . Hinds also recognized three limestone and two shale
units in the Stanton of Missouri.
~ Subsequent work showed that these divisions of the Stanton
. could be traced over a wide area. Moore (1931) raised the lan-
8ing to the status of & group; the Stanton being regarded as
'l formation of the Lansing Group. However, Moore also defined
’u‘h& Langing as extending from the base of the Wyandotte formation
:to the base of the Iatan Limestone (Wilmerth, 1938, p. 1147).
Hoore's reason for including the beds sbove the Stenton in the

hming was the nonm-recognition of an erosional unconformity
:&t the base of the Stranger Pormatién and the miscorrellation
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of the Iatan Limestone in northeastern XKansas with the Haskell
Limestone in eant central Kansas.
The following year, Moore (1932, p. 92 & 97) excluded
the beds above the Stanton from the lLansing and Moore & Condra
{1932) further restricted the lansing to include only the
Plattasburg, Vilas, and Stanton formations. This definition of
the langing Group has been used to the present.
i The name Stanton was first used by Swallow & Hewn: (1865,
. p. 6) for beds in the vicinity of the old village of Stanton
in northwestern Miami County, Kansas. However, they referred
the name to beds which have since become known as the Platts-
burg formation.(Newell, 1935). The first reference to the
Stanton as it is defined today 1s by Haworth & Bennett {1908,
P. 104) who applied the name to the uppermost limestone unit
of rocks then assigned to the Garnett formation. Hinds & Greene
1 {1915, p.29) recognized the Stanton as the uppermost limestane
. unit of the Lemsing. Moore (1935, p. 132), following field
work by Wewell, indicated a typical exposure of the Stanton
1in a roadeut mear the SE cor. sec. 3, T. 13 S., R, 21 E.,
Douglas County, Kansas,
The Stanton of FKansas was first studled in detail by
Newell (1935a). He proposed the name Captain Creek for the
. lowermost limestone member of the Stanton and stated that the
type area wes in the vicinity of the stream called Captain
 Creek in Douglas and Johmson counties, Kansas. Moore (1935,
P. 132) designated the type section as a roadeut on the east
bank of Casptain Creck near the SE cor. seec. 3, T. 13 8., R,
2% %5 Douglas Cosrityj Mansas,
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Newell (19352) and Jewett & Newell (1935) described the
Captain Creek of Miami, Johnson, and Wyandotte counties, Kansas,
and Moore, Ellas, & Newell (1936) described & portion of the
Captain Creek Limestone of Anderson County, Kansas. Descriptions
of the paleontology of the Stanton formation and the Captain
Creek member may be found in Newell (1931b), 1934),(1937), ade
{(19%2) . Zinser (1950) described a portion of the microfauna of
the Lansing Oroup in northern Kansas.

Short descriptions of the Captain Creek Limestone may be
found in Moore (1935), (19%9), and Moore, et. al. (1951). A
part of the stratigraphy of the Captain Creek Limestone of
southern Kansas has been described by Chelikowsky & Burgat
{19%7), Wamer & Harris (1953), P. Wilson (1957), and Winchell
{1958) . McManus (1956) described the stratigraphy of the Merriam
member of the Plattsburg formation and Mamn {1957) deseribed

e Platteburg formation of northeastern Kansas.

Before 1935, the lower limestone member of the Stanton
formation was erroncusly correlated with the Meadow Limestone

of Nebraska (NPwell, 1935).Fleld work by Newell and other

Kansas and Webraska geologists showed that the Meadow Limestone
Hebraska is properaly correlative with the lower limestone
member of the Plattsburg formatlon. The name Meadow has since

en dropped &nd the name Merriam has been subsituted for the
lowernost Plattsburg unit.

- The Captain Creek Limestone is recognized throughout
northern Keansas and Horthwestern Miszouri and has been identified
Iowa end Webreska.
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The Captain Creek Limestone can be traced southward across
Kansas into northern Hontgomery County and, with guestion,to
within a2 few miles of the Kansss-Oklshoma boundary. The Captain
Creek has never been identified with certainty in Oklahoms,
but certain limestone beds in Oklahoma have been correlated
with other units of the Stanton formation (Oakes, 19%0, p. 90).

This report is concerned only with the Captain Creek
Limestone of Kansas, where it crops out in & general northeasst-
~ southwest direction from Leavenworth County on the north to
HMontgomery County on the south. (see Plate 1)
| Acknowledgements
The writer wishes to thank Dr. C. W, Pitrat of the Depart-
- ment of Geology, University of Kansas, and Dr. J. M, Jewett,
 State Geological Survey of Kansas, for supervision and aid in
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TECHN IQUES
Field Technigues
Most of the outcrops measured by the writer were located
by reference to the published and unpublished stratigraphic
sections in the files of the State Geological Survey of Kansas,
County rcad maps were used to plot the locations of the out-

erops. At each exposure the member was measured and field notes
were written describing the Captaln Creek and adjacent beds.
Samples were taken at each significant lithological change.
The very thick limestones in Montgomery County were sampled

at every 5.5-foot (eyeilevel) interval.

Hand samples were taken and fragments for the thin sections
eand the insoluble residues were chipped off in the laboratory,
Any colors which were considered to be diagnostic were detemmined
in the laboratory by use of the Rock Color Chart of the Kational

‘Research Counecil.
Laboratory Technigues

The main technigues used in the laboratory study of the
~ Captain Creek Limestone were acetate peels, thin sections, and
. Insoluble residues. Acetate peels were made following the tech-
 ‘mique of Sternberg and Belding (19%2). A face perpendicular to
- "Ehe bedding was cut and polished on a specimen of the limestone.
!‘h!s face was then etched in 10 percent hydrochloric acid for
~ @bout 15 seconds. The limestone specimen was then gently washed
‘toremove the acid, dipped in acetone, and pressed upon a sheet
of acetate. Afterr drying for a few minutes, the acetate was
‘gently removed, trimmed to desired size, and mounted between
glass plates. A nepative print of the peel can then be made




simply by projecting an image onto a sheet of photographic
paper. The writer found that the 0.05 mm. thickness of acetate
was beat for use in this study eand the F-5 photographic paper
wes the best for making the prints.

Bissell (1957) has recently described a technique of
using the dichromate method of staining the etched specimen
before making the peel. A modification of this method was used
to determine the pessible presence of dolomite in the "mottled”
limestone. The polished and etched specimen was stalned with
_silver nitrate solution (AgHO3) for sbout 5 minutes, washed,
and then treated with potassium chromate solution (K2CrO4) for

about one minute. The acetate peel was then made in the ordinary

The thin sections were made by the usual method, A small
chip of the limestone was mounted on a glase slide and then
mmd to the desired thickness, No particuler effort was mede

% to grind the specimen exactly to standard thickness (0.03 mm.)

_ because mineralogical determinations can be made if the rock
 specimen s slightly thicker than this. Also, the thin sections
ffj_ieu groind mainly to cbserve certain small structures which
ﬂiﬂ not show well on the acetate peels. Many of these structures
: disappear or become faint if the specimen is ground to standard
~ thickness.

| For study of the insoluble residues, chips were broken

_ Off the hand specimen and crushed in an iron mortar until all

. pleces were emaller than about 1/4 inch. About 50 grams were

~ then placed in glass beakers and digested in 10 percent hydro-
. chloric acid. After dipestion cessed, the spent acid was decanted
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and concentrated hydrochloric acid was added to the beaker.
This acid was then boiled to remove lron oxide. After boiling,
the acid wes agaln decanted, and the residue was washed in
tap water and distilled water. Only the coarse fraction of the
residve was used in this study; the fine and medium fractions
were poured off during the washing.

# Only three samples of the Captain Creek Limestone were
prepared as etched blocks ., They were prepared by polishing
the surface to be etched, then placing the specimen {polished)
‘face up) in a pan containing enough 10 percent hydrochlorie
‘acid to completely cover the block. The specimen was left in
the acid for about 3 minutes, then removed and very gently

A chemical snalysis of the "mottled" limestone was made

_ by Russell Runnels of the Geochemistry Division of the State
__ﬁ’ndlagtml Survey of Kansas.

" 7The samples of the shale parting in the Captain Creek

were soaked in water for a few hours. They were then washed

’"‘W@ a nested set of 20-, 60-, and 100-mesh sieves, dried

‘and examined under a binocular microscope.

s X




STRATICGRAFHY
Flattsburg Formation
Introduction

The lower formation of the lansing Group consists of two
limestone members and an iIntervening shale member. They are,
from the base upwards, the Merriam Limestone, the Hickory
Creek Shale, and the Spring Hill Limestone.

Herrliam Limestone

The lower member, the Nerriam Limestone, was described
by McManus (1956). He found that it was a typical "middle"”
limestone of a Missourian megacyclothem, averaging 2 to 3 feet
_ thick and disappearing in northern Montgomery County. The
Merrilam is divisable into three distinct unit; a lower lime-
~ stone unit, & thin shale bed, and an upper limestone wnit.
. The lower limestone unit is conglomeratic at the base,
 aphanitic Just above the base, anioolitic at the top. In
northern Kansas, zones of Composita and Osagla-WMyalinacoceur
‘i_li the lower unit. The lower limestone is variable in thickness,
' ranging up to B .feet, with an average of about 2 feet. It is
_absent in one place in Johnson County and at another in HMiami

I8

‘ﬁmty. The lower limestone unit disappears south of Allen

. The shale bed averages about 0.2 feet in thickness and
ranges up to 0,5 feet. It is a limy, yellowish or olive, clayey
8shale and in a few places contains limestone nodules. Brachio-
Pods and crinoid columnals constitute most of the fauna. They
 associated with bryozoans, fish remains, rare ostracodes,
_and rare calcarecus foraminifers.
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| The upper limestone unit of the Merriam Is falrly constant
,ﬁl thickness, averaging about 1 foot and ranging from 0.% to
1;55 feet in thickness. The unit is aphanitic and contains
wornm borings, fusulinids, and algae at various localities. In
uthern Kansas, it is yellow and slabby and containe many
ponges . In general, however, 1t is less fossiliferous than
lower limestone unit. In northern Kansas, the unit contains
gommon ¢rinoid stems, rare brachiopods, rare horn corals and
_echinoid spines, and common Osagla and fusulinids.
i Hickory Creek Shale

~ The Hickory Creek contains, at the base, a 0.2 to 0.3
t thick impure limestone which is overlain by a black
bonaceous shale and a limy or ¢layey shale. Thickness
ave adbout one foot in northern Kansas, it averages 8 to
' ms m locally is as much as ‘30 feet in thickness. The

thern Kansas, containing many sponges, ¢rinoid stems, and
rachlopods . Zinger (1950) reported six species of conodonts,
species of Poraminifera, and two specles of ostracodes
: m the Hickory Creek of northern Kansas.
Spring Hill Limestone
. The Spring Hill exhibits relatively regular lithology

Bita are found in a conspicuous zone near the top of the

—'l_t '_ o
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Southward from Allen County, the three divisions of the
Spring H1ll can not be distinguished. The member averages about
20 to 25 feet of light-gray to buff, medium-bedded limestone
as far south as central ¥Wilson County. In Wilson and Montgomery
counties, the Spring Hill undergoes drastiec changes in thicke-
ness and lithology within comperatively short distances. The
thickness increases to over 80 feet in the southern part of
Wilson County and the Spring H1ll then pinches out about 5
miles to the south in northern Hontgomery County. All of the
limestone units of the Plattsburg formation pinch out in
northern Montgomery County and none of the units of the for-

mation have been recognized in southern Hontgomery County or
in Oklahoma . |
Yilss Formation
The Vilas Shale, the middle formation of the lLansing, is |
a gray to buff, clayey and sandy shale, with fossils only
locally abundant. Generally this sequence is 21l shale but a
sandstone bed occurs near the top of the Vilas In the area

near the Kansas River and a few lenses of impure limestone are
found in this interval in southern Fraenklin County. The Vilas
Shale contains many thin limestone beds in southern Wilson
County in the area where the Spring Hill is thick.

Extreme variations in thicimess are a characteristic of
the Vilas throughout its arca of exposure, Where the Vilas is
thin, it contains little sand, but where it is thick, it is

guite arenaceous (Newell, 1933, p.56). Hear Ottawa, in Frank-
1in County (Loec. 11), the Vilas ranges in thickness from 0.6
to 6 feet within the distance of about 2 quarter mile, Newell
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{1933, p. 58) felt that there was a change in facies of the
Yilas at Ottawa. Southward from Ottaws, the Vilas Is more
sandy and contains a zone of the gastropod Hypselentoma per-
humosa. The thickness ranges from 7 to 25 feet in Franklin
and Anderson Countles.

At the type section, in northern Wilson County, the Vilas
is over 100 feet thick. It thins southward and in the southern
part of the county, where the Spring Hill is so thick (Loc.
24), the Vilas 1s only about 17 feet thick and contains many
thin limestone beds. Southward from there, the Vilas thickens
as the limestones of the Plattsburg thin and disappear., Newell
{1933, p. 63) reported that in sec, 16, T. 31 8., R, 15 E.,
Montgomery County, the Vilas is 130 feet thick and the Platts-
burg is only 5 feet thick. Newell belleved that some of this
thick Vilas Shale may be a time equivalent of the thick Spring
Hill Limestone in southern ¥Wilson County.

The Vilas cannot be differentiated from underlying shales
in southern Montgomery County and the interval {rom the top of
the Tola Limestone to the base of the Stanton is imown as the
Lane<Vilas Shale. In this areca, the formation contains & limy
sandstone or an oolitic limestone bed near the top. This bed
4s present only in the Southern Area., It ranges from 1 to 7

feet in thickness In the northern part of that area, is absent
'in the central part, and is about 20 feet thick in the south~

ern part of the Southern Area.
Fossils are not common in the Vilas Shale. Newell (1933)

- believed that the Vilas was essentlally barren of fossils ex-

tept for the gastropods in Anderson and southern Franklin
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counties. The top of the Vilas at Locality 26 contains abun-
dant ¢rinoid stems. Wagner & Harris (1953) reported the ostra-
code Bairdia from the Vilas of Wilson County. Zimser (1950)
found aix genera of ostracodes in the Vilas of northern Kansas,
Captain M Limestone
Introduction~ #As has been stated, the type section of the
Captain Creek is in a roadeut in Douglas County. Some twenty
years have passed since this cut was made and all but the upper
foot of the Captain Creeck Limestone is covered by vegetation
and slumped material.

Outerops of the Captain Creek were examined one mile to
the southwest of the type section {(Cen. south gide sec. 10,

T. 13 8., R. 21 E,) and in & quarry about 1.5 miles northwest
of the type section (SW cor. sec, 34, T. 12 8,, R, 21 E,) and
were found to conform to Kewell's (1935a) description. For the
purpose of this report, the Captain Creek Limestone in the

. Quarry in the SW cor. sec. 34, T. 12 8., R. 21 E., Douglas
County, Kansas, {Loc. 7) is considered to be the type.

The stratigraphy of the Captain Creek Limestone can be
best discussed by dividing the outerop area into three parts.
These are; the Horthern Area {Leavenworth County to central
Anderson County), the Central Area (Allen County to central

Montgomery County), and the Southern Area {southern Montgomery
County.

Northern Area~ In most of this area, the Captain Creek Lime-
Stone can be divided into three units on the basls of fossil
tentent and gross 1ithology. The upper unit can be further
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subdivided into a w phase at the dase and an algal
phase at the top.
Lower Limestone Unit- The lower 1.5 to 2 feet of the
Captain Creek Limestone 1s an olive-gray (5Y4/1) to light
olive gray (5Y6/1), medium-grained limestone. It is 2 single
massive bed at most localities but at localities 9 and 11,
i1t 1s divided into two beds separated by thin calcareous shale
stringer (Pig. 3 and 4). At Locality 10, this lower umit is
not well exposed and may be made up of two beds there also,
This unit exhibits 1little variation in thickness or lith-
ology. It is about 1.5 feet thick in the central part of the
area and increases to about 2 feet both to the north end to
the south. At the northernmost measured outcrop (Lec. 1), the
basal part of this unit is slightly oolitie. In central Ander-
son County .(Loc. 1), the unit is more coarse-grained than to
the north.
e The characteristic fossils of this unit are mollusks and
Osagia. Small high-spired gastropods are the most common mollusks
and fragments of myalinid shells were found at scattered out-
erops. Osagia occurs as a coating around the snails or shell
fragments or as spherical or oval massee with no discernable
nucleus (Fig. 3-8). At Locality 1%, in central Anderson County,
the Osagia is absent and an 2lga (?), informally called "Marksia"
is present (Fig. 9).

The balance of the fauna is composed of Triticites, rare
small Composita (?7), and crinold stems. Triticites, while
never abundant in any part of the Captain Creek, is more
-'em in the lower limestone unit. The brachlopods were seen
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FPIG. 2. Lower Stanton at Locality 4.
(sec. 18, T. 11 8., R. 23 E.)
L- lower limestone unit of the Captain Creek
S~ middle shale unit of the Captain Creek
U=~ upper limestone unit of the Captain Creek
E~ Eudora Shale
St~ Stoner Limestone
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FIG. 3. Captain Creek Limestone at
Locality 9 (sec. 10, T, 14 3,, R, 21 E)
L- lower limestone unit
8~ middle shale unit
U~ upper limestone unit

"Mottled” limestone is present at this
outerop but has been eroded back.

' ,;v.

FIG. 4. Lower Stanton at Locality 11 (sec. 6,
T. 17 8., R. 20 E)

C- Captain Creek Limestone

M- "Hottled"” limestone

E«~ Eudora Shale

St~ Stoner Limestone

18



FIG, 5. Osagia and small gastropods, lower lime-
stone unit, « 6 {sec. 13, T, 125., R. 21 E.).
Peel print, X-4. - In all peel prints, the

arrow points tow t top.

FIG. 6, Small gastropods, lower limestone unit,
Loc. 6 (sec. 13, T. 12 S., R. 21 E.). Peel

print, X-4,



FIG, 7. Fusulinids, gastropods. clams, and a
ower

1 1
R. 23 E,). Peel print, X-4,

lgae,

imestone unit, Loc. 2 {gec. 27, T. 108,,

FIG, 8. Algse and fusulinids lower limest
wnit, Loe, 11 (sec. 6, T. 17 S
Peel print, X-4,



rm, 9. "Marksia®,
5 {sec. 12, T.

1ower limestone unit, Loc.
8., R, 19 E.). Peel print,

2l
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¢ u on the acetate peels or in the thin sectlons and not at
outerops . The crinoid fragments are not common but become

s pumerous toward the southern part of the Northern Area.
szoans were not seen in the lower limestone unit,

4 Middle Shale Unit- A thin (1-2 inches, buff- to light-
ay, 1imy shale parting separates the lower limestone unit
the overlying limestone In the central part of the
Northern Area. At one cuterop (Loe. 10), the parting Iis repre-
nted by 2 thin“zone of shaly limestone. The shale 1s not
pres snt in southern Franklin County and Anderson County, but
two limestone units can sti1ll be distinguished. The shale
‘also absent in central Leavenworth Counfy (Localities 1

§ 2), and in this area there is no sharp division between
the two different limestone litholegies.

'~ 7Tne fauna of the shale bed consists of fusulinids, crinoid

;tm, and a few specimens of small Composita. Tuis fauna is

to that of the overlying limestone. Zinser (1950)

| reported the Foraminifera Tetrataxis and Coruspira from the

' Captain Creek. He probably obtained these from this shale

. parting.

Upper Limestone Unit- The upper part of the Captain Creek

& light bluish-gray (5B7/1) limestone. It 18 fine-grained

to aphanitic, and medium-bedded. Prominent vertical joints are

Present in this part of the wmember which usually weathers into

.~ Wedlum-sized gray blocks. The thickness of this unit is not
kil constant &8 that of the lower limestone, being 8 to 9 feet

""f; in Anderson and Franklin counties and gradually decreasing

. northward to 5.4 feet in the type area and about 6 inches at
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In Franklin and Anderson counties, small (1-3 inches ),
gray chert nodules are sparsely distributed 1-2 feet above the
pase of the upper limestone unit. These nodules contain rare
fusulinids end brachlopod shell fragments. Newell (1933, p.
70) reported that the Captain Creek was "exceedingly” cherty
in southwestern Miami County and eastern Anderson County. The
writer did ndt find enough chert in the Captain Creek to warrant
that description.

In many places in the Northern Area, the topmost part of
the Captain Creek is stained red or pink, probably as a result
of the weathering of iron minerals, the distribution of which
seems to be controlled by the linear algae which are very
abundant in the upper part of the member.

ohe dominant fossils of the upper limestone unit are
Composita and a linear algae. Each of these forms 18 distrib-
uted throughout most of the unit but Composita is more abun-
dant near the base and the algae are sbundant at the top of
the member (See Figs. 10-13).

Composita is not easily seen on the weathered surface of
the rock but can be found if a fresh plece of the limestone 1is
broken off the outerop. The writer has a triangular block of
1imestone, about 4 inches on a side, from the Camp Naish section
(Loc. S) which, on its top surface, contains 10 egpecimens of
Composita and the external molds of 5 more specimens. Most of
the specimens are oriented in the living position (Robert
Grinnell, personal commmication).

The maln line of the measured sections extends in a north-
south direction, but three outcrops were examined that lie on




lower part of upper limestone wit, Loc. 5, (sec.
o). Peel p!'int, K*-n
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and algae, middle part of upper limestgie unit, Loe. &,
(Beca i Ta 1 3.’ R. 23 E¢). Pﬁel Prmt; x"“-
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FIG, 12, Linear algae, top of upper limestone
unit, Loc. 10, (8ec. 27, T, 16S., R. 20 E.).
Peel print, X-4,

b, i o v ARl

FIG., 13. Linear algae, top upper limestone
unit, Loc. 6, (see. 13, T. 12 S., R. 21 E.).
Peel print, X-4,
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@n east-west line. They are; Loe. 7, Loc. 5, and an unmeasured
outcrop north of Kansas City, Missouri. Comparison of the
faunal content of these three outcerops leads the writer to
believe that the m;t_a_ are more a2bundant toward the east.
In Kansas, the Composita are most abundant along the Kansas
?“"'" and become less common toward the southern part of the
Northern Area. The abundance of Composita seems to remain about
the eame north from the Kansas River as it is near that area.
, At Locallty 1, Composita is concentrated in pockets on top of
i@ the Captain Creek Limestone,
. Associated with Composita are Enteletes, Marginifera,
Rlctyoclostus, Triticites, erinoid stems, and rare linear algae.
Wewell (1931, p. 53) reported Enteletes pugnoides from the
Captain Creek Limestone of Johnson County. He stated that it
was found assoclated with rare specimens of Enteletes hemi-
in a zone "about one quarter of the distance from
top of the member". The writer could f£ind no evidence of
any definite zone of Enteletes except that they ere found only
. In the upper limestone unit and sre rare in the upper one foot
' the member. Enteletes 1s not as abundant as Composita.
ewell (1933, p. €9) reported that Enteletes is absent from
| the Captain Creek Limestone in Kansas north of T. 11 ., and
£18 not found tn the Captain Creek of Missouri or Towa.
Dict S was seen in the Northern Area only at Loc-

’“ ut? 1 where 1t is associated with abundant specimens of
m' Enteletes was not found at this outcrop. Marginifera

e
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.48 not especially common In the Captain Creek Limestone and

‘was found only at scattered outcrops.

 Hewell (1931a) described a member of the Iriticites

Jma&ﬂﬁ'; group of fusulinids from the Captain Creek. Sub-

sequently, he (Newell, 1935h, p. %22) split the T. 1 rregularis

i species and named the form in the Captain Creek T. neglectus,
'?tltiag that it was concentrated on bedding planes of the

N

The linear algae are especially abundant in the upper 1

2 feet of the Captain Creck where they constitute almost

""12 of the biota. Johnson (1946, p. 1098) identified the algac

" from the Bert Ross guarry (Loc. 113 sec. 6, T. 17 S., R. 20E. )

Anchicodium gracile and reported that it was associated

tlth other algae, small foraminifers, and fragments of bdbryozoans.

. The writer found rare small brachiopods in the topmost part

the Captain Creek and arenaceous Foraminifera in the in-

.nluble residues from that part of the member, but did not

i‘iﬁd any bryozoans. Archaesolithophyllum has been identified

3 '1n association with Anchicodiwm in the Captain Creek (Kenji

"" "“-ﬂli. personal communication). This genus has been reported

from the Pennsylvanian deposits of Texas and Hissouri {Johnson,

195 5), but this 18 the Pirst record of 1ts occurrence in Kansas,

. Algae are present in all of the upper limestone unit but

I_ ® most abundant at the top. They are found in the upper unit

. throughout the Northern Area, but are not o0 abundant north of
vhe Kansas River.
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A few miles north of the Kansas River, the shale unit
disappears and there is no sharp dividing line between the
two limestone lithologles. At the northernmost outcrop of the
Captain Creek {Loc. 1), the member is only 2.6 feet thick.
The lower part is slightly ocolitie and contains fusulinids
an® Osapgia. It grades upward into about 6 inches of light-
gray limestone at the top. Large specimens of Dictyoclostus
are present at the top of the Captain Creek and small Composits
are concentrated in pockets on top of the member. The upper
limestone unit seeme to have thinned out here and the lower
limestone unit makes up most of the

member.

T B r L R WAL L :'-> i N Ry
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FIG. 13. "Mottled" limestone ("M") and Captain
gxo-eek ¢c) et Loe. 11, (sec. 6, T. 1T 8., R.
B. }.

In Johnson and Franklin counties (Locz. 9-11), an extra

bed of limestone is present just above the Captain Creek (rig. 1%).
14). It is a very distinctive unit, being mottled very light
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gray (N8), light bluish gray (587/1), and grayish black (N2).
Iron oxide produces a red or pink tinge on parts of weathered
specimens, There is an irregular distribution to the mottling
over the whole rock but the three different colors show 2 def-

inite e¢yelic arrangement. At the base of a cycle is a very thin
{1/8 inch) stringer or line of the black whioch is overlain by
a thicker layer (1/2 to 1 inch) of the bluish gray. This is
followed by about the same thickness of the light gray material,
“which 18 in turn overlain by ancther thin bdblack stringer. Exam-
ination of thin sections and acetate peels leads the writer
to believe that the black stringers are algae, possibly of the
- same type as in the Captain Creek Limestone below. The thin
lines or stringers, which appeared to be black in the hand
epecimens were found to be composed of clear calcite upon
examination in thin section.

The "mottled” limestone is 0.7 feet thick in Johnson county
and about 1.8 feet thick in Franklin county. Where thickest,
the "mottled! limestone occurs in two irregular layers separ-
ated by & very thin shale parting. In Jobnson €ounty, it is
one single bed.

This "mottled” limestone has been noted previously (Newell,
1935a; Moore, 1935). It has usually been described as being
“siliceous", probably because it is not as brittle as the
underlying limestone, However, the chemical analysis showed
that the silica content is only about 3 percent.

The "mottled” limestone is separated from the Captain
Creek Limestone by a 1- to 2-inch tan, limy shale parting.
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The contact between the "mottled" limestone end the Eudora
could be seen only &t the two outerops in Frenklin Goumty.
In those two places, the limestone 1s overlain by the black
carbonaceous part of the Eudora Shale. Good exposures of the
contact between the normal Captain Creek and the Euvdora Shale
are hard to {ind, bdbut, where seen, the Captain Creek is sep-
arated from the black part of the Eud¥da by & 2- to 5-inch bed
of tan, limy shale, The writer believes that this shale is
the same as that below the "mottled" limestone and that the
. "mottled" limestone is a local facles of the Eudora Shale.
Another line of evidence leading to this concluzion is
obtained by comparing the thicknesses of the Captain Creek
in the three outcrops containing the "mottled" limestone with
the thickmess of the Captain Creek in the outcrops immedlately
to the north and to the south of these. The Captain Creek is
6.9 feet thick at Locality 7 in Douglas county. No "mottled"”
limestone lies above it there or at Locality 8, Total thick-
ness of the Captain Creek could not be measured at Locality
8 because most of the outcrop 1s covered., Toward the south-
east, in Johnson County, the Captain Creek is 6.5 feet thick
at Locality 9. At that place, there is & thin limy shale bed
and 0.7 feet of "mottled" limestone above the Captain Creek.
The member thickens toward the southwest from Locality 9 and
is 6.7 feet thick at Locality 10. There the "mottled” lime-
stone is 1.3 feet thick. At Locality 11, the Captain Creek is
8.2 feet thick and the "mottled" limestone is 1.7 feet thick.
About six miles south of this place, at Locality 12, the
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captain Creek is 8.% feet thick and the "mottled" limestone
is absent.

Thus there is @ general southward and westward thickening
of both the Captain Creek and the "mottled” limestone. The
"mottled” limestone 1s an extra bed above the Captain Creek
and does not affect the thickening of that member. Plate %
shows the relationships of the Captaln Creek Limestone and
the "mottled” limestone.

Possils of the "mottled” limestone consist almost excluaive.

1y of the linear algae mentioned above. Only & few arenaceocus
foraminifers were seen in the insoluble residues.

Central Area- Bo outerops of the Captain Creelz Limestone were
found in Southern Anderson or northern Allen counties, This
area is occupied by 2 smooth divide between the drainage
systems of the Osage and Heosho rivers. The dlvide is a gently
undulating plein formed on the 4ip slopes of the Plattsburg
and Stanton formations with low hills of Weston Shale outliers,
The highest portion of the divide is capped by Tertiary chert
gravels (Prye, 1955).

A poadeut a2t the SE cor. sec. 25, T. 2k 5., R. 1T K.,
Allen County (Loe. 17), exposes about 11 feet of the lower
part of the Captain Creek. At the base is 3.2 feet of dark- !).(’
gray limestone containing, at the top abundant linear algae |
of the type called "Marksia” (Fig. 15). These are short, ‘

%
N\

stralght algee and are not the same type as seen at the top
of the Captain Creek in the Horthern Area.
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FIG. 15. "Marksia™ and an echinoderm fragment,
lower limestone unit, Loc. 17, {seec. 25, T.
2% 8., R. 17T E.). Peel print, X-4,

AR S i T e A T

The dark-gray limestone grades upward into about 8 feet
of light-gray, wavy-bedded, medium-grained limestone. Fossils
are sparse and consist of Composita, Echinochoncus, crinoid

stems, and rare lincar algae.

The top of the Captain Creek cannot be seen in this road-
cut but 1t is exposed about 2 miles to the north in a quarry
in the N¥W cor. sec, 19, T. 24 8., R. 18 E., Loc. 16, About &

te 5 feet of light-gray, very fine-grained to aphanitic lime-
Stone can be seen in the bottom of the guarry (Fig. 16). This

limestone 1& thin-bedded with slight wavy bedding. Rare
Composita, Enteletes, and rare linear algae make up the blota.
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pm. 16' m. 16' (‘e’e- 19‘ Ta 2‘ 8-'
R. 18 E.).

CC~ Captain Creek Limestone

E~ Eudora Shale

St~ Stoner Limestone

The limestone is overlain by 0.8 feet of dark-gray limy
shale. Crinoid columnals, small low-spired gastropods, Neo-
gpirifer, Composita, and ramose bryozoans make up the fauna,
Small pockets of black shale are present on top of the Captain
Creek., Above the gray shale is a 5-foot sequence of coarse-
grained, thin limestone beds interbedded with dark-gray limy
shale, all of which is overlain by 5 feet of coarse-grained
limestone,

Hewell (unpublished stratigraphic section, Kan. Geol.
Survey) measured & poorly exposed section of the Stanton in
sec, 1%, T. 24 8., R. 17 E. He stated that the Captain Creek
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is 16 feet thick (ranging from 11 to 16 feet thick in the
surrounding area) and that the Eudora comsisted of 5 feet of
limy shale and impure limestone. The thickness of parts of
the sequence that he describes is similar to that seen in
both the roadcut and the quarry. The writer belleves that
only the 0.8 feet of shale overlying the Captain Creek should
be called the Eudora because the limestone beds intercalated
with the shale above it are not essentially different from
the 5 feet of limestone at the top of the quarry.

The few outcrops seen in Woodson County show a sequence
similar to that seen In the roadcut at Locality 17 in Allen
County. There is, at the base, a dark-colored limestone con-
taining "Marksia® (Fig. 17), followed by & sequence of buff-
colored, thin- to medivm-bedded, medium- to coarse-grained
limestone. The top of the Captain Creek and the Eudora Shale
were not seen in Woodson County.
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Wilson and Montgomery counties are the area of extreme
variation in thickness and lithology of all parts of the lan-
sing Oroup. The thickness of the Captain Creek ranges from
3 to 20 feet in Wilson County and it has been reported absent
north of Fredonla in west central Wilson County (Wagner &
Harris, 1953). In central and northern Wilson County, the
Captain Creek consists of 3 to 10 feet of light-gray to dark-
gray, medium- to coarse-grained limestone. It is massive to
medlum-bedded and weathers pitted and vuggy. A 0.5-foot bed
of QOsagla-bearing limestone occurs 0.5 to 2 feet below the
Captain Creek in northern Wilson and southern Woodson counties.
(Fig. 18). In northern Wilson County, the base of the Captain
Creek also containe abundant QOsagis. Enteletes and fusulinids
are present, and Wagner & Harris (1953) reported large clams
from a2 local shaly limestone at the top of the Captain Creek,
Clams (Myalina) were found in only one locality and these were
in a limy shale and shaly limestone sequence believed to be

5 5

FIo. 18. Osagia limestone, Locl 18, (sec. 32,
T, 25 8., R, E.). Peel print, X-4.
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southwest and south part of sec, 78 T. 29 8., K. 16 E., Wilson
County (Loes. 22-23). On the north-south road at the southe- t
west corner of the section, the Captain Creek comprises 7.5 -_“!
feet of massive light-gray limestone. It is medium- to coarse-
grained and contains abundant masses of clear calcite, The
fauna consists mostly of Enteletes, Composita, crinoid stems,
and fenestrate bryozoans. The Eudora Shale consists of 2.5

4§ = feet of shaly line;tone and limy shale and contains small

myalinids and bryozoans(Fig. 19).

it
Interesting exposures of the Stanton are found in the ;j
t‘i
b

1L—-

Fma 19‘ Imt 22. (BN‘ ?’ T. 293.' R. ISED}.
CC~ Captain Creek Limestone
E- Eudora Shale
Approximately one-guarter mile to the southeast, ina /
roadcut on the south side of the section (Loc. 23), the Captain
Creek is not more than 5 feet thick. The base 1s very irregular

(Fig. 20-21) and in places the thickness is only about one foot.
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The rock is fine-grained, massive, ané is dark blue gray in
color. Composita and Osagia associated with rare nautilolds
make up most of the fossils. The Eudora here is about 5 feet
thick and consists of limy shale and shaly limestone with a
0.5 foot bed of black shale at the base. The black shale bed
1e present only on the north side of the cut and was not seen
on the south side.

The thickness of the Captaln Creek increases to the south
and west from this locality. Wagner & Harris (1953) reported
that the Captain Creek is 20 feet thick in a quarry near
predonia. At the NW cor. see. 26, T. 30 8., R. 15 E., Wilson
County (Loc, 2%), the Captain Creek is 104 feet thick above
about 17 feet of limy Vilas Shale and approximately 80 feet
of Spring Hill Limestone (Fig. a22).

oo — W -

FIG.22. Loc. 24, (sec. 26, T. 30 5., R. 15 K.3s
CC~ Captain Creek Limestone
V- Vilas Shale

‘I“l .:.
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The greatest thickness of the Captain Creck was measured
in a roadcut at the cen. sec. 31, T. 31 S., R. 15 E,, Hont~-
gomery County (Loc. 25), where it is 6%.1 feet thick. The
lower 19 feet is thick- to massive-bedded, light-gray with
abundant masses of clear crystalline calecite. The next 17 }'
feet is light tan to gray, iron-stalned, massive, contains
numerous masses of clear calcite and weathers very wveggy. |
The reat of the limestone is light gray to tan, mediuvm- to
fine-grained, and thin- to medium-bedded. Calcite masses are
much less common than in the lower limestone. About 20 sguare
feet of the upper surface of the Captain Creek is exposed at
this locality. The top is a fairly level surface with small
pits and undulations.

The lower two limestone units contain Enteletes, productids,
horn corals, crinoid columnals, fusulinids, and algaze. The
fossils are not very abundant and most specimens are crushed
or broken and are concentrated in local pockets or stringers.

The upper thin-bedded limestone contains fusulinids and crinoid
etems but contains fewer brachiopods than the underlying lime~-
Btones. Very few Enteletes were seen in the upper limestone
and they seem to have been replaced by Heospirifer. The Captain
Creek is overlain at this locality by 8 feet of limy fossil-
iferous Eudora Shale and only 2 feet of the original Stoner
Limestone.

Three miles to the southeast (sec. 9, T. 32 8., R, 15 E.,
Loc. 26), 36 feet of the Captain Creek is exposed in an old
Qquarry on the east slde of Table Mound. The Captain Creek
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here overlies about 80 feet of the Vilas Shale (unpublished
stratigraphic section, Kan. Geol. Survey). The lower foot of
the member 1s & dark-gray, fine-grained limestone with a fawna
composed of erinoid stems and a few Enteletes. The next 10
feet 1is a massive, brecciated bed with light-gray angular
pleces of limestone and masses of clear calcite., The fauna
consists of g teletes, Marginifera, crinold stems and rare
fusulinide. The top surface has a thin cruzt of crushed
brachiopods .

The next 3 feet of limestone above this last bed is &
persistant (in thie quarry) layer of med fum-bedded, fine-
grained, light-gray limestone containing Enteletes, crinoid
stems, and very abundant fusulinids. The limestone is in 3
even-bedded layers and show little or no variation through-
ocut the gquarry.

Above this bed is 22.4 feet of massive, vugular-weathering,
iron-stained limestone which is very similar:to the limeatone
in the middle of the thickest section of the Captain Creek to
the northwest. The fauna is composed of Enteletes and fusulinids.
The top of the Captain Creek could not be identifled here
because the Stoner Limestone and the Eudora Shale have been
eroded away.

A third thick limestone section of the Captain Creek
was measured at sec. 14, T. 32 §., R. 14 E., (Loet 27) beneath
2 bridge over the Elk River. The limestone is 15.5 feet thick,
is light gray, and contains numerous calclite masses. The upper
two feet is thin- to medium-bedded and contains numerous
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fusulinids. The fauna of the massive portion at the base
consists of Enteletes, Marginifera, Neospirifer, and erinocid
stems. At this locality, the Captain Creek is overlain by
about 18 feet of Eudora Shale, and underlain by about & feet

k| of shale, containing an impure limestone bed near the top,

and T+ feet of limy, fine-grained sandstone below the shale.
F. Wilson (1957, p. 12} classified the shale and sandstone

as part of the Captain Creek Limestone because of similarity
to beds to the south of this locality. This conclusion will

be discussed below.

Southern Area~ There is a rapid change in the thickness and
lithology of the Captain Creek Limestone immediately south of
the Elk River. This change 18 caused by reéf conditions in the
member and will be discussed under the Environment of Deposit=-
fon. At the cen. north side sec. 36, T. 32 8., R. 14 E,,

(Loc. 28), the Captain Creek 1s a 2.3-foot layer of thin-bedded
dar-gray and light-tan, impure limestone, It iz underlain by

3 feet of silty, limy shale and 2.2 feet of limy, fine- .
grained sandstone. A simllar sequence can be seen on Walker's 7_’ i
Mound (Loc. 29) about 2 miles to the southeast, except that M
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there is a2 bed of oolitic limestone at the stratigraphic

r\ L u/r’/"“’" -’E,—:- ot
position of the sandstone, A / A

F, ¥Wilson {1957) correlated the oolite and the mﬁatmé :
of this area with the thicker sandstone below the Captain. .,/

Creek at Locality 27. Examination of the insoluble residues
leads the writer to believe that this conclusion is correct. |
However, Wilson classes the oolite and the sandstone, and the




2
g

43

and the overlying shale as part of the Captain Creek Limestme.

The writer does not agree with this classification, The sand-~

stone was not seen at any place to the north of the Elk River,
nor is the base of the Captain Creek expecially sandy. The
Writer believes that this sandstone and oolitic limestone
ghould be placed in the Vilas or the lLane-Vilas Shale. (See
Plates 2 and 3).

The two outcrops of the Captain Creek immediately south
of the Elk River (Loc. 28 and 29) occur below thick (60-70
feet) sections of the Eudora Shale (F. Wilson, 1957). At the
base of the Euvdora there is 1 to 2 feet of black shale con-
taining phosphatic nodules.

At the SW cor, sec. 7, T. 34 S., R. 15 E,, (Loc. 30) there
1s a buff, marly, crinoidal limestone about 2 feet thick. This
bed occurs below about 50 feet of shale which, at the base,
contains a bed of black ghale with phosphatic nodules, The
linestone is correlated with the Captain Creck of the area
near the Elk River by itz position below a similar shale
interval. The Captain Creek here overlies a covered interval
which Newell (unpublished stratigraphic section, Kan. Geol.
Survey) measured as 40 feet of Lane-Vilas Shale. Newell gave
no evidence and the writer saw no evidence of the ocolitic
limestone bed at this locality.

The colitic limestone is present again in sec. 30, T.
3% 8., R. 15 E. (Loc. 31) where it has locally thickened to
about 18 feet. No bed which could be correlated with the Cap-
tain Creek Limestone of the area to the north was seen at
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this locality. F. Wilson (1957) by using cores, was able to
find the oolitic limestone about & mlle south of Loc. 31 where -
it is divided into two beds separated by about 3 feet of shale,
Evdora Shale

The shale next above the Captain Creek Limestone is named
the Eudora Shale from exposures in the same locality as the
type section of the Captain Creek (Moore, 1935, p. 133). At
that place, the Eudora is 6.3 feet thick and is composed of,
from the base upwards, 9.5 feet of light-gray limy shale, 4.2
feet of black, subfissile to fissile shale, and 1.6 feet of
marpon to tan, silty and limy shale,

The Eudora is between S and & feet thick throughout most
of the areca near the Kansas River, but thins northward. Moore
(1949, p. 118) reported that the Eudora is only a foot thick
in some localities in the northern part of the state., The
greatest thickness of the Eudora in the Northern Ares is in
Franklin County where it is between 8 and 10 feet thick.

In exposures where the contact between the Captaln Creek
and the Eudora can be seen, there is a thin, tan to olive,
limy shale at the base of the Eudora. This is not the case In
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those exposures containing the "mottled” limestone at the top
of the Captain Creek. In those outcrops, the black shale part
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of the Eudora rests directly upon the "mottled" limestone and,

in places, the limestone seems to grade upward into the black
shale. The "mottled” limestone is seperated from the Captain
Creek by a thin, buff to tan, limy shale stringer. This relation-
&hip can be seen best in the quarries near Locality 1l.,
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} In most of the Northern Area, the Eudora 1s essentilally
% as described from the type locality. Three to four feet of
% black, fissile shale occur in the middle of the Eudora and
are separated from the underlying and overlying limestones
by thinner limy shale beds, The Eudora of this area is not
especlally fossiliferous. Zinser (1950, p. 11) deseribed 7
specles of conodonts (most belonging to the genus Strepto~
gnathodus) and one species of the foraminifer Ammodiscus |
from the Eudora of northern Kansas, Rare inarticulate brach- i
iopods and plant fragments have also been found in the Eudoma
of the Northern Area. |

Ags the outerop of the Stanton is traced southward from f
Franklin County, the Eudora thins and the black, fissile part
begins to disappear. In Anderson and Allen counties, the Eudora
is about one foot thick and containg = thin, discontinuous
layer of black shale at the base. As the black shale disappears,
the rest of the Eudora becomes more fossiliferocus. Newell
(1933, p. 80) states that almost all of the black part of the
Eudora is absent south of T, 228,

The Eudora comprises about 1 to 2 feet of limy, fossils
iferous shale In northern Wilson County and inereases to about
2 feet (locally 5 feet) in central and southern Wilson County.
Wagner & Harris (1953) state that, in the Fredonia Quadrangle,
the Eudora seems to grade laterally intoc a shaly limestone.

The thickening of the Captain Creek below and the Stoner above
make exposures of the Eudora in Wilson County difficult to

find. Those in Wilson County were seen only in local areas
Where the Captain Creek is thin.
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In northern HMontgomery County, the Eudora is about 8 feet
thick but the thickness increases rapidly to tﬂe south. The
member is approximately 18 feet thick at the Elk River in
central Montgomery County (Loc. 27), and F. Wilson (1957, p.
14) estimated over 7O feet of the Eudora Shale a few miles s
south of there. He also reported that the Eudora thins to 10
to 20 feet near the Oklashoma boundary with all or parts of it
cut out during a hiatus represented by an unconformity at the
bage of the Stoner Limestone.

ssmes posmimmp o Lok g,

The remaining members of the Stanton received only cursory
study during this investigation and the following descriptions
are taken from Newell (1933; 15352), Moore (19%9), Wagner &
parris (1953), F. Wilson (1957), and Ball {1958).

The Stoner is, throughout most of Bastern Kansas, the
thickest member of the Stanton. It is 11 to 15 feet thick in
most of Kansas but increases to about 30 to 40 feet in partso
of southern Kansas. It is fine-zto'medium-grained (loeally
coarse-grained), light gray in color, eénd is characterized by
thin, wavy limestone beds separated by limy shale partings.

Through Allen and Woodson counties, The Stoner breaks
down into whitish 1limy, nodular shales and intercalcated
irregular limestone lenses. Newell (1933, p. 81-82) could not
distinguish between the Eudore, Stoner, and Rock Lake of this
area,

Wagner & Harris (1953) describe the Stoner of the Fredonia,
Kensas, area as about 30 feet thick but thinning westward to
only 5 feet. It is fine-grained with a blotchy appearance
caused by segregations of ¢lay and iron.




Eewell (1937) and Moore & Dudley (1944) found that the
thick Stoner of the Fredoniz area contalned an exotic fauna

which was characterized by the brachiopod Shizophoria texana?,
the bryozoan Meekoporella dehiscens and abundant gastropods.
The writer found the first two forms in the Stoner in assocw
iation with abundant crinoid stems composed of pentagonal
columnals. Newell (1637, p. 101) felt that this fauna had
affinities with faunas described from the Pennsylvanian of

Texas and interpreted it as evidence of an environment cut
off, in some way, from the faunal c¢clements and environmental
conditions of the Stoner Limestone to the north. P. Wilson
(1957, p. 31) believes that this fauna represents a lagoon
enclogsed by a reef.

BN (e P

N
i

3
Ve e Alyrnd

The thilek phase of the Stoner persists southward to the
Elk River where 1t has been measured as approximately 30 feet
thick. Newell (1933, p. 88) reported that in the hills just
west of Table Mound in Montgomery County the Stoner is more
than %0 feet thick.

The Stoner begins to thin a short distance south of the

Elk River and in southern Montgomery County is quite variabdble

in thickness and lithology. F. Wilson (1957, p. 15-17) describes
the Stoner of this area as consisting varicusly of light-gray,
caleite-cemented sandstone, cca:me clastic limestone, or of
fossil brecels and ranging in :hiclmess from % feet to a few
inches . Be fusther states that the Stomer is unconformable

upon the underlying strata.




The contact between the Stoner Limestone and the Roek
Lake Shale is a disconformity (Moore, 1949, p. 119). There
was emergence sometime shortly after the depoasition of the :
3 Stoner and the Rock lLake represents a time of near-shore and Il
;' lagoonal deposition (Peadody, 1952, p. 38).
4 This member 1s quite variable in lithology throughout I"
all of eastern Xansas. Ball (1958) found that the Rock Lake ;
of northern Kansas ranges from 1 to 10 feet thick and consists

of a lower portion of gray to green clay shale, overlain, in
some localities, by thin-bedded calcareocus siltstones and, in
other places, by impure limestone. Nodular limestone and aren-
aceous shale characterize the upper part of the Rock ILake,
Coal stringers and land plants may be found in some localities
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and a terrestial reptile was found at a locality in Anderson
County.(Peabody, 1952). The marine fauna of the Rock lake is
dominated hy.mnuska. Brachlopods and bryozoans are not common.,

Wagner &iHarris {1953) found that the Rock Lake of the
Fredonla area averages 2 feet in thiclmess and consists of a
gray and orange clay shale or a very calcareocus and fossi{l-
iferous clay shale. Just east of the Fredonia Quadrangle, at
Loe. 23, the Rock Lake i1s missing and the South Bend lies un-
conformably upon the Stoneyr Limestone.

F. Wilson (1957, p. 17-18) described the Rock Lake of
northern MHontgomery County as ranging in thickness from a few

@ Iinches to about 5 feet and consisting of gray-green, silty
shale containing abundant fusulinids. The Rock Lake of
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southern Montgomery County is 15 to 30 feet thick and consists
of unfossiliferous shale or a series of thin shales and thin,
ripple-marked sandatone beds. A thick, reddish, current-beﬁ&id
sandstone 1s found in certain outcrops at the stratigraphic
position of the Rock Lake (Loc. 31). F. Wilson (1957, p. 18)
pelieves this to be a chamnnel or deltalc deposit correlative
with the Rock Lake Shale, but admits that 1t clogely resembles
the Tonganoxie Sandstone.

The South Bend Limestone of northern Kansas averages 7
feet in thickness snd consists of a blue~gray to brown lime-
stone. A highly arenaceous lower part with & molluscan fauna
grades upward into a less arenaceous limestone at the top.
which contains a molluscoid-fusulinid fauna. A locally~
developed conglomerate is foumd at the basse. The most charact-
eristic fossil is the brachiopod Meekella.

The South Bend of the Fredonia area 18 predominately a
sandy, oolitic limestone. In some areas, it is disconformable
on the underlying beds and, in those areas, the basal part is
a sandy conglomerate containing fragments of the underlying
Rock Lake Shale and Stoner Limestone. In certain areas, the
oolitic limestone is interbedded with white or iron-stained
calecareous sandstone. Both the limestone and the sandstone
are cross-bedded. The South Bend 1s commonly about & feet
thick in the Fredonia deranéle but varies from 3 to 15 feet.

¥. ¥ilson (1957, p. 18-21) found that in the thick lime-
stone sequence of northern Hontgomery County, the South Bend
is 27 feet thick with an oolitic phase at the top and a
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current-bedded sandstone at the base and the middle part being
composed of thick-bedded, porous limestone. The fauna consists
of abundant large crinoid stems associated with fusulinids

and the brachiopod Meekella,

The thicknese of the South Bend decreases abruptly as it
is traced southward in Montgomery County. In that area, the
South Bend consists of a basal lime-cemented sandstone and
conglomerate which is overlain by about 3 feet of blue-gray,
fine-grained limestone containing crinoid stems and numercus
sponges. This topmost bed changes to an impure, nodular lime-

gtone and disappears near the Oklahoma boundary.

The Birech Creek Limestone of Oklahome has been correlated
with the South Bend Limestone by 81!:11&:?1{:3 of position in the
column and because both exhibit an mcmromity at o:n near
the base (Oakes, 19%0, p. 90).
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SEDIMENTARY ANALYSIS
Acetate Peels and Thin Seetions
Introduction

Acetate peels were msde from specimens of the Captain
Creeck selécted from nearly 21l the localities of the measured
scctions., Peels are a quick and easy method of determining the
microstructure of limestones but any study utilizing this
method should be supplemented by the use of selected oriented
thin sections, Hineralogical determinations cannot be made
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readily with peels; and small fossils, such as fusulinids,
and certain small sedimentary structures, such as oolites, are

better studied in thin section. The information gained from
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these two different methods of investigation is either similar
or supplementary snd, accordingly, will be discussed under
cne heading.
Korthern Area
In the Northern Area, the lower limestone unit is typically

a medium~-grained limestone containing shell fragments and
small snails, all generally coated with Osapgis. The fossil
content is about the same throughout the Northern Area and

only at Loc. 1 is there any significant difference in the

1lithology. There the lower part of the lower limestone unit 1is
8lightly oolitic. The nuclei of the oolites are small quartz

sand grains, shell fragments, or opague material of unknown it
i
origin (Fig. 23). At Loc. 1%, in Anderson County, the lower E*

limestone unit 2180 contains short, straight, calelte-filled

g
structures which are interpreted as algae, probably similar !
(A8

to the "Marksia®™ of Allen and Woodson counties (Fig. 24), i




FIG, 23. Lower limestone unit, Loc. 1,(sec, 36,
T. 98., R, 22 E,). Oolites and a gastropod.
FPhotomicrograph, X-4%0,

F%G. 24, "Marksia™, lower limestone unit

sec. 12, T. 20 8,, R. 19 E.). Peel print, X-4,

s Loc. 14,




The upper limestone unit of the Captain Creek of the
Northern Area is fine-grained. The two faunal divisions can be
easily discerned in the peels and thin sections. The linear
algae are rare at the base but conatitute nearly all the blota
of the upper part of the unit. Small concentrations of silt

were seen beneath some of the algal stringers in speclimens
from the top of the Captain Creek. In weathered specimens,

I

these 811t concentrations were stained red by the weathering
of iron minerals.,

The "mottled" limestone contains abundant linear algae ©

;:hich have concentrations of gilt grains immediately below

G

them (Fig. 25). The blue-gray part is fine-grained and con-
tains short fragments of linear algse and many algal (?)
pellets which may be QOsagila. The light gray part of the
"mottled” limestone is also fine-grained but contains leas
algal material and becomes progressively more silty toward
the top. |

In certain slides (Fig. 26), small dark spots can be
seen in the rock of the upper limestone unit. These are in-
terpreted as faecal pellets becsuse of resemblance to descrip-
tions and pictures by Beales (1956).

At both Locality 15 in Anderson County and Locality 16
in Allen County, the upper part of the Captain Creek is fine-
grained to aphanitie. Fossils are rare, pyrite masses are
common, and short, stralght algae are common.
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FIG, 26, Paecal pellets (?), upper
limestone unit « 15, (sec. 12,
g_gga 8., R. 1 ) Photomicrograph,

Central Area
The thick limestone of the Captain Creek of Montgomery
County exhibits an entirely different type of lithology from

that of the Northern Area. Angular pleces of light gray, dense,

algal (?7) limestone, fossil fragmente and coherent masses of
small rounded bodies are distributed through a clear caleite
matrix.(See figs. 27-29.) Two sequences of filling of the
interstices with caleite can be distinguished in the thin
sections (Fig. 30). Local concentrations of broken or crushed
fusulinids and Enteletes are distributed throughout the lime-
stone. Many of the angular pieces of light gray limestone
show no type of structure but others seem to be made up of
small rounded bodies which are interpreted as faecal pellets.
Seemingly coherent masses of elliptical or subspherical bodles
are interpreted as concentrations of Osagia and/or faecal
pellets (See fig. 27). Locally,(Loc. 26), the basal part of
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I, 27. Masses of Osapgia snd/or faecal pellets,

algal(?) limestone and clear caleite. Loc. 26,
(sec, 9, T. 32 5., R. 15 E.). Peel print, X-4.




FIG. 28. Algal (?) structure, voids filled with
clear calcite, Loc. 27, {seec. 14, T. 32 8., R.
14 E.). This is the base of a specimen so there
is no arrow showing the top. FPeel print, X-4,
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FIG. 30, Captain Creek Limestone, Loc, 27,
(sec. 13, T. 32 S,, R. 14 E,).
l.- small calcite crystals lining a
primary veoid.
2.~ clear, coarsely crystalline calcite.
Fhotomierograph, X-40.
the Captain Creek contains pyrite replacing some of the shell
material. At Locality 25, the upper 28 feet of the Captain
Creek contains less abundant alpgal material and more dense,
light-gray limestone fragments. None of these limestone frag-
ments were seen to exhibit any structure. Voids filled with
clear calcite are still common, however (Fig. 31).
A similar type of lithology prevaiis in the Captain
Creek throughout most of southern Wilson County. In northern
Wilson County, the Captain Creek 1s a fine- to medium-grained
limestone with abundant Osagia at the base. Except for Osagia,
the member is a medium-grained, relatively structureless lime-
stone. Rare fusulinids, crinoid stems, and shell fragments

constitute the fauna.
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FIB,31. U part of Captain Creek Limestone, gf.i

Lot. 25, (seec. 31, T. 31 8., R. 15 E.). Peel
print, X4,

e

Southern Area
The Captaln Creeck Limestone of the Southern Area exhibits
a different type of lithology from that of the member in the
Central Area. The rock is fine-grained but silty, and the

amount of non-calcareous material increases toward the south.
The limestone contains a great amount of fossil material.
Algal masses are abundant; gastropods,:bryozoans, and unidenti-
fied shell fragments are common (Pig. 32). At the southern=~
most exposure of the Captain Creek (Loc. 30), crinoid stems

are very abundant,

The oo0litic limestone near the top of the Vilas Shale is
composed almost exclusively of calcareous oolites{Fig. 33).
The oolites have a nucleus composed of subangular gquartz
grains. Certain specimens show that small pits have been
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: FIG. 32, Algal mass, Captain Creek Limestone,
LMO 29. (BQC- 5, ?- 33 s.' R. 15 Eo). PE?I
Pl'i!lt, x- “.

#¥ ;. % 2 1”; P 2o PR OXC 4
33. Vilas oolitic limestone,

le ; -Loc‘ ﬁg’

{sec, 5 T. 338., R. 15 E.). Photostero~
graph, X-%0,
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mm into the quartz grains and filled with calcite. The
caleite is in concentric layers sround the nucleus. No radial
structure was observed in the oolites. Rare small shell frag-
ments are the only fossils seen in the oolitic limestone.

Ansoluble Residues
Introduction
The insoluble residues of the Stanton formation and the

- Captain Creek member recelved preliminary study by Schoewe,

Kercher, & Keroher (1937) and by Kercher (1939). A compariscn
of their conclusions and the results of the present report
will be made later.

The fine- and medium-sized fractions of the residue were
saved and examined in a few s¢lected samples and were found
to be ddn~diapiostic. Accordingly, these were not saved for
the rest of the samples, &nd only the cosrse feaction will
be discussed in this report. Table 1 is a c¢classificatién of
the insoluble residues of the Captain Creek Limestone based
on the outline by Ireland (1939). A detailed description of
the samples will be found in Appendix A. The terminology used
is that of Ireland, et. al.{1947). Only the general type of
residue will be discussed here.
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Table 1. Classification of insoluble residues of the Captain
Creek Limestone member.
I. Allogenic~- Constituents derived from previous sediments
1. Sand, quartz ané minor amounts of mica
2. 8ilt, usuvally in aggregates
II. Authigenic- Constituents formed contemporaneocusly
with or subsequently to the deposition of the
sediments .
A . Syngenetic~Constituents formed contemporaneously
%ith the deposition of the sediments. :
1. Fossils |
2. Glauconite :
B. Eplgenetic-~Constituents formed Bubseguent to the F
deposition and lithification of the sediments 5'
1. S1licified foasils
2, Interstitial silica

3. Secondary guartz
€. 8yngenetic or Epigenetic

1. Pyrite
2. Chert

Allogenic
Sand- Fine sand grains are common in the Captain Creek of the
Northern Area, where, along with 811t aggregates, they make up
the major percentage of the residue of the lower limestone unit,
The sand becomes more abundant in the southern part of the
Rorthern Area, especially in FPranklin County. Sand grains make
up over 50 percent of the residue at Locallty 1 where the lower
limestone unit of the Captain Creek is oolitic. In the upper
limestone unit, fine sand grains rarely make up more than 10
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limestone u_rnit, fine sand grains rarely make up more than 10
percent of the coarse fraction of the residue.

Fine sand grains are more abundant in the Captain Creek
of the Central area, somctimes meking up as much as 90 per-
cent of the coarse fraction. The Captain Creek of the Southern
Avea has only minor amounts of sand. Medium-sized sand grains
are very abundant in the residues from the oolitic limestone
in the Vilas Shale. '

The guartz grains are subangular and white to very light
tan. Etched pits can be clearly seen on the larger grains and
can be faintly seen on the smaller grains. It is interesting
to note that in both of the oolitic limestones (Loc. 1, Loec.
29, and Loc, 31) many of the pits etched into the quartz

grains contain small pyrite particles. Bare rounded and frosted

sand grains also were found in the residues.

Small flakes of muscovite and blotite mica are rare in
the residues. Ho constant distribution of the blotite could
be discerned but the muscovite scemed to be the most common
in those samples containing the greatest percentage of sand
grains,
811t~ S11t aggregates are abundant in the coarse residuves of
the Captain Creek of the Northern Area, especlally in the
lower limestone unit where they commonly wake up 50-60 per-
cent of the residue. These aggregates range in color from
tan to brown to black. They are associated with rare mica
flakes and rare arenaceous foraminifers. Silt aggregates are
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less abundant in the upper limestone unit, although locally
they may comprise as much as 80 percent of the sample. Such
is the exceptional case; they usually make up only 30-40 per-
cent of the residue. The color of the 811t in the upper unit
is tan or brown and rarely black.

The basal dark-gray bed of the Captain Creek Limestone
in Allen and Woodson Counties contains very abundant (80-90
percent) dark gray to black 2ilt aggregates and rare arenaceous
foraminifers ang about 10 percent pyrite aggregates. 511t is
not as abundant in the upper part of the Captain Creek in
that area as 1t is in the Iwex-part.‘rhenutawmgesabom
%0 percent of the residue in the upper part and is tan to
brown in eolor.

811t aggregates are not common In the rest of the Captain
Creek of the rest of the Central Area except in the very
Southern part., At Locality 27, the Captain Creek contains 30=-
60 percent brown =11t aggregates essocinted with fine quartz
Band and 10-20 percent arenaceous foraminifers, The thin shaly
limestone about 2 feet below the Captain Creek at this locality
containg the same type of residues in associstion with about
20 percent pyrite aggregates,

The Captain Creek Limestone at Locality 28 contains 70
Percent tan silt aggregates, 15 percent fine sand grains,
@nd 15 percent arenaceous foraminifers. It does not contain
Pyrite. The remaining two cuterops of the Captain Creek in the

Southern Area (Loc. 29 ang 30) contain about 70 percent tan or
L ligne brown €ilt in the coarse fraction of the residue,
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Syngenetic
Fossils~ Arenaceous foraminifers are the mogt abundant fossils
seen in the residues. In the Northern Area, they are rare in
the lower limestone unit but are much more common in the upper
limestone unit where they sometimes comprise as much ag S0 per-

i cent of the coarse fraction. Abundance varies from 10 to 50
’:i percent in the residues from the Southern Area, except for
§  the medium-bedded middle limestone unit at Table Mound (Loc.
- 26) where they constitute 8ll of the coarse fraction of the
:- residue .
g Foraminifers present include abundant Tolypamnina and
% Ammonvertells and less abundant Ammodiscus, Psammosphaera,
|| ond Textularia. No attempt was made to derine the relative
!: distridbution, if any, of the foraminifers in the Captain Creek,
i Glauconite~ Glauconite 1s an extremely minor constituent of
t the coarse fraction of the insoluble residues. Only scattered
H ©  e=mall grains were found.
Eplgenetic

Silicified fossils~ Common silicified spines, shell fragments,
and rare bryozoans are found in the upper limestone unit of
the Captain Creek of the Northern Area, especially in Frank-

lin and Anderson counties. Assoclated with them are a few
Sponge splcules. Silicified fossils are rare in the Central
' . &rea and are absent from the Captain Creek of the Southern
Area,
dn terstitial Silica- Interstitial silica was Tound only in
the residues from Franklin and Anderson counties. It is com-




composed of clear, dolomoldie silica and quartz in irregular
magses. It is interesting to note that the only place where
interstitial silica is found is also the area where silicified
' fossils are the most common,
Secondary Quartz- Secondary guartz is a common minor constituent
of the Captain Creek Limestone in the Northern Area. The grains
are clear and subhedral to anhedral. It is most common in
Franklin and Anderson corities. These large, clear grains are
rare in the Central Area and were found only in the thiek

limestone section of northern Montgomery County. They were not

found in the Captain Creek Limestone of the Southern Area.
Syngenetic or Epigenetic

Eyrite- Pyrite is a common minor constituent of the residues

from the lower limestone unit of the Northern Area. It is

generally in the form of small cubes or aggregates that have
no discernable erystal form. Distribution of the pyrite in
the upper limestone unit is irregular. It is not common, but
may malke uvp as much as 50 percent of the residue., It is found
‘iu the form of small aggregates and as a replacement of spines
and shell material in the upper limestone unit.

In Allen County, pyrite occurs as aggregates in the dark-
gray "Marksia"-bearing bed at the base of the Captain Creek

&né as a replacement of spines and shell material at the top
of the member.

Distribution of pyrite is very irregular in the rest of
ﬁthe Central Area. It is generally found at or near the base
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of the Captain Creek, At one outerop (Loe. 22), the pyrite is
In the form of small round pellets which may be faecal pellets,

Pyrite is a very minor constituent of the Captain Creek
of the Southern Area. However, it occurs in the oolitic iime-
Stone below the Captain Creek where it is associated with the
quartz nuclei of the oolites.
ghert- Rare chert nodules were geen on the outerops in Frank-
1lin and Anderson counties. However, no chert was seen in the
insoluble residues.

Summary

The most abundant part of the coarse residuecs of the
lower limestone unit is 81lt aggregates, These are supplemented
by fine sand graine, arenacegus foraminifers, andé small Pyrite
aggregates.

The upper limestone unit has less silt, more arenaceous
foraminifers, and generally less fine sand grains than the
lower limestone unit. Pyrite is sparse in the upper limestone
tm&t._ Also occurring in the upper limestone unit are 8ilicified
fogsil fragments, rare spange spleules, interstitial silica,
and secondary guartg erystals.

Keroher (1939) reported gray micaceous ehale, sandy shale,
organic remeine, and Pyrite from the Captain Creek of east-
érn Kansas. Noncof these wepe considered as being diagnostie
of the Captain Creek Limestone,

Chemical Analysis

In an effort to determine a possible cause for the mott-

ling of the distinctive limestone bed above the Captain Creek
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in Johnson and Pranklin counties, & gearch of the literature
was made for a description of various mottled or spotted lime-
stones. Those articles which dealt with this subject (Beales,
1953; Osmond, 1956) attriduted most of the mottling of lime~
stones to selective or incomplete dolomitization. Accordingly,
it was felt that a chemical analysis of a specimen of the
"mottled” limestone would be helpful in determining the amount,
if any, of dolomite that was present., Also, this bed has been
described as "silicecus™ and the amount of milica present
could 2lso be determined from the chemical analysis. Table 2
is a chart of the results of the chemical analysis of &
specimen of the "mottled" limestone from the Bert Ross Quarry
(Loc. 11) together with the average of 7 analyses of the
Captain Creek Limestone in eastern Kansas computed from
Runnels & Schleicher {1956). The findings of the chemical
analysis wil be discussed under the section on Environmen:t of
Deposition.
Etched Blocks

Only three specimens of limestone were selected for acid
etching. These are a plece of the "mottled™ limestone from
the Bert Ross Quarry (Loc. 11), and two specimens from the
thick limestone of Montgomery County (Localities 25 and 27).

The only important fact added by examination of the
etched piece of the "mottled" limestone was that the top of
the light-gray limestone, immediately below the algal stringer,
contained abundant light-gray s1lt. The rest of the rock is
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Table 2. Analysis of Captain Creek Limestone and the "sottled"
Limestone

i 2 3
Calcareous CaCO3 91.%1 90.93 9%.98
Calcareous MgCO3 _2.98 2,5 _0.81
Total 94.39 93.52 95.79
 Chemfcal Analysis (%)
Ca® 51.39 51.15 53.%3
MgO 1.2 162 o.81
L.o.zgl’n.% 41.51 42,01
810, 2.53 3.29 1.65
41204 0.73 0,98 0.46
Fegd,  3.13 128 1.1
T102  wemee cemee 0,03
K50 ~e=e= 0,10  0.03

TR B i i i VAN .50 2 A i 2 '

s 804 0.1% 0,12 0.25
8 0.03 0.10 0.25
P20, 0.08 .09 0,02
Total 96.37 100.20 99.83

Column 1~ Average of 7 analyses of the Captain Creek
Limestone (Runnels & Schleicher, 1956)

Column 2- "Mottled" limestone from Locality 11.*

Column 3- Dark blue-gray part of "mottled” limestone R

i (1)~ Loss on Ignition

(*)~ Analysis by Runnels, Kan. Geol. Rfurvey.
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aphanitic; arenaceous foraminifers are common in the blue-
gray limestone. Figure 34 is a disgrammatic sketch of an
etched surface of the "mottled" limestone.

3

FI0., 3%, 5inat-eh of a typical specimen of the
"mottled” limestone.,
L- light gray

B~ gark blue-gray

The two specimens from the thick limestone of HMontgomery
County {(Localities 25 and 27) added little information to that
already known. Angular picces of dense, light tan limestone
with interstices filled with Dsagla (?) and other algal (7?)
fragments all cemented by clear crystalline calcite.comprise
the structure of the limestone. Two stages of matrix filling
¢an be seen,. Limonite or hematite particles are concentrated
in pockets or occur as scattered particles along the boundaries
between the limestone particles and the calcite matrix. Ko
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fossils except the algal particles and rare arenaceous foram-
inifers were seen on the etched surfaces.

Shale Study
Only two outerops (Localities 4 and €) were fresh enough
to provide good samples of the thin shale parting between the
lower and upper limestone units of the Captain Creek. The
major part of the shale consists of tan to yellow-orange silt

'partie'las which are associated with angular Tragments of

quartz and rare chert. BElack shale particles were present in
the sample from Loc. ¥ but were not seen in the sample from
Loz. 6. Fusulinids (Triticites), crinoid stems, and shell
fragments are the dominant part of the fauna. Tetrataxis,
brachiopod spines, and a few ostracodes end immature brach-
iopods were noted under the microscope.

b e et oy o
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THE CAPTAIN CREEK CYCLOTHEWM

The Pennsylvanian rocks of Kansas are well known for the
cyclic sequence presented by the various strata. Such sequences
have been named cyclothems by Weller (1930).

Moore (1935, p. 2%) has defined the members of an ideal
Kansas cyclothem {(Table 3). The actual cyclothems sre rarely
as fully developed as the 1deal and may themselves show a
cyclic arrangement. The word "megacyclothem™ has been coined J‘-]"
by Moore (1935, p. 29) for a eycle of eyclothems. The mega- i
cyclothems of the Shawnee Group, Virgilian Series, are un-
usually well-developed. These megacyclothems are characteriged
by a sequence of § well-developed and persistant limestone
(lower, middle, upper, and super) and a fifth less well~ i
developed limestone bed. All of these limestones are separated i
from one another by shale beds. The cyclothems in the negs - '
eyclothems are lettered A to E from the base upwards as a 'l(:
syastenms of reference.

The megacyclothems of the Missourian Series are similar "

to those of the Shawnee Group but the succession 4s not so ‘
tomplete. Units of the B (middle limestone) and € (upper lime- l

stone) cyclothems are definitely recognized in the Missourien

the A (lower limestone) and E cyclothems are missing.

The Captain Creek Limestone is & "middle" limestone (B.5)
of the Stanton megacyclothem. Following Hoofe's (1935, p.
23) proposal to name the cyclothems and the megacyelothems

after the named limestone unit contained within them, this B
tyclothem is called the Captain Creek cyclothem,
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The Captain Creek cyclothem extends from the base of the
sandstone In the Vilas Shale to the base of the black part of
the Eudora Shale. The relation of this sequence to the ideal
cyciothemlc units can be secen in Figure 35. A study of this
figure shows that the sequence near the Kansas River is fairly
complete. The absent units are the upper molluscan shale (B.B),
the upper molluscoidal shale (B. 6), and the nonmarine shale
and coal (B.1). An anomaly 1s introduced in those areas where
the "mottled" limestone is present. Apparently, this was
formed under the same general conditions as the limestone
immediately below. If so, it represents a reversal in the
cycle back to deposition of limestone after the B.9 unit was
deposited. It definitely is not a normal part of the over-
lying Stoner cyclothem.

As has been stated, the Captain Creek cyclofhem ¢an be
best seen in the area near the Kansas River, specifically in
Franklin, Jabnsm, Douglas, Wyandotte, and southern lLeaven-
worth countles. Northward from this general area, the Captain
Creek thins snd several phases are missing. Southward from
Franklin County, the Captain Creek generally thickens but
@ifferences between the various phases become obscure. Hone
of the subdivisions of the Captain Creek cyclothem were
recognized in southern Kansas.
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Table 3, Members of an ideal cyclothem (Moore, 1935)

——Tg'mie {and coal)
.8 Shale, typleally with a molluscan fauna

.7 Limestone, a2lgsl, molluscan, or with mixed molluscan
and molluscoid fauna

.6 Shale, molluscoids predominant

.5 Limestone, contains fusulinids, associated commonly
molluscoids -

.4 Shale, molluscoids

+3 Limestone, molluscan, or with mixed molluscan and
molluscoid fauna

“2.:Shale, molluscen fauna

.1e Coal

.1b Underclay

.18 Shale, land plants

0 ESandatone

FIG, 35. Subdivisions of the Captain Creek
eyclothem,




ENVIRONMENT OF %FGSI’PIM
Introduction

One of the main purposes of any study of a2 sedimentary
rock is to determine the environment of deposition. This
determination regquires an interpretation and integration of
several factors esuch as paleogeography, etratigraphy, sedimen-
tation, lithology, paleontology, and palesecology. The data
presented In the firast part of this report will be interpreted
in the light of these several factors. Since the depositional
environment of the Captain Creek is related to that of the

underlying and overlying strate, the genesls of these beds
will alsoc be discussed.

Plattsburg Formation
McHanve (1956) presented & study of the lower part of the

Plattsburg. The Merriem Limestone, lower member of the Platts ~
burg, was deposited in the eulittoral zone in a depth of watepr
of a few feet to about 165 feet and is indicative of a trans-
gressing sea. The upper limestone bed represents a time of
deeper water than the lower limestone unit. The mé.ior shore-
lime was to the south and there may have been snother shore,
or & shallow area, to the northeast. CGenerally, the central
part of esstern Kansas was en area of quiet water with the
deposition of fine-grained to aphanitic limestone. Local areas
of strong currents in the south were associated with areas

of quiet, clear water. The top of the Merriam {n northern
Kansas 1s a rubbly limestone indicative of the shallowing of
the sea before the beginning of Hickory Creek time.
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The Hickory Creek Shale 1s & black shale of the type
pregent near the middle of many of the Kansas megacyclothems,
These shales contain & black, fissile layer at or near the
bage and grade upward into calcareous, gray to buff shale,
The fauna of the black shale consists mainly of conodonts,
inarticulate brachliopods, and fish spines. Weller (1957, p.
351) feels that this fauna does not contain bottom-dwelling
forms; the brachlopods and rare foraminifers may have lived
near the surface attached to seaweeds.

Most authors are agreed that black shales are depos ited
in a restricted, anerobic environment. Moore (1929, p. 4%65)
suggests that this type of black shale was formed in a shallow
gea containing such abundant plant growth (sesweeds, ete.)
that circulation was restricted.

Whatever the exact conditions of origin, they were not
widespread during Hickory Creek time, and McManus (1956, p.
32) reports that the black shale is only locally developed at
the base of the member. It is overlain by 2 "punk" bed of
argillaceous limestone which in turn 18 overlain by the main
limy or clayey part of the shale. These beds indicate that
the environment changed from reducing to oxidizing conditions
(McHanus, 1956, p. 101). The thicker Hickory Creek of southern
Kansas with its contained limestone beds probably represents
& near~shore envirorment and a beglnning of the development
of the thick limestone of the Spring Hill member.

Transgreasion of the sea during late Plattsburg time
brought an end to the deposition of the clasties of the




Hickory Creek Shale and s return to quiet water conditions
a2llowing the deposition of the Spring Hill Limestone, This bed
was probably deposited on an uneven surface in northern Kansas
inasmuch as the thickness is Quite variable. As an "upper"
limestone of a megacyclothem, the Spring Hill represents a
time of deposition farther from shore and in deeper water than
the other limestone of the megacyclothems (Moore, 1935). In
southern Kansas, the Spring H111 thickens considerably and
then pinches out between thick shales. The thieck part may
Tepresent a reef which was formed Guring Spring Hill time.
Yilas Formation

The Vilas Shale 12 one of the shales deposited at the
ené and beginning of the megacyclothems of the Missourian
Seriles, As such, it represents an environment ranging from
subaerial to near-shore morine. Moors (1929, p. ¥76) regards
these shales as répresenting 2 type of deltaie deposit built
out into the shallow sea by the coalescence of the deltas of
several low-gradient Streams. Such & deposit would have the
normal topset beds of a delta, but, if the sea were as shallow
88 it 1s postulated to have been, the normal fore-set beds
would not develop, HeManue (1956, p. 83%) velieves that the
Bonner Springs Shale, & deposit analogous to the Vilas, was
deposited in water of & depth of somewhat more than three
fathoms. The topset beds would not be destroyed by wave action
because the force of the waves would have been reduced and
dissipated during their travel over the wide, shallow sea.
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The ripple-marked sandstone in the upper part of the
Vilas near the Kansas River records a time of local strong
currents. Locally, in Frenklin County, small embayments per-
mitted the development of thinm limestone lenses. Some of these
limestones are of the fine-grained, marly, unfossiliferocus
type that are interpreted as "freshwater”, If this interpre-
tation is correct, these limes were formed in small fresh- or
brackish-water lakes op embayments upon the deltaic plain,

& great thickness of the Vilas is present in nerthern
Wilzson County Just north of the Place where the Spring Hil1l
is also thick, It 1is Possible that some of the Spring Hill
Limestone and the Vilas Shale are contemporaneous deposits
(Rewell, 1933). Thiex limestone seetions in the overlying
Stanton have been ealled reefz (P, Wilson, 1957) and the
upper part of the Spring Hill in southern Wilson County nay
represent continued reer growth from Flattsdburg time into
Vilas time (see Plate 3). The great thickness of the Vilas in
northern Wilson County may represent only the normal south-
ward thickening of the shales in this part of the column.
This thickening was interrupted 1in southern ¥ilson County by
the growth of a reef.

In the places in southern Wilson County where the Spring
Hill is thick, the Vilas 1s relatively thin and contains many
thin limestone beds (Loo. 28, Fig. 22). The reer growth which
began in Spring Hill time continued into Stanton time, The
Writer believes that the thick limestones of the Lansing in
Wilson and Hontgomery counties are vertically connected. The




R e 7 B P - FTENCR
e ;

80

area (Loc. 24) where the Vilas Shale i{s thin and limy is probe
ably near one of the places where there was continuous reef
growth from Spring H1ll time to Captain Creck time (see Plate
3).

Southward into Montgomery County, the Plattsburg thins
and disappears and the Vilas Shale thickens and gradeg into
the thick clastic segquence of the Hissourian Series of Okla-
homa,

Hear the top of the Vilas in southern Hontgomery County
2 sandstone and ocolitic limestone bed is locally developed,
The exact wethod of formation of ocolites has been & matter of
debate. Brown (1914) gives & good review of the various theories
of origin of oclites which had been proposed up to that time,
Even then the different theories could be grouped under two
main headings: theorles calling for formation of ocolites by
the direct precipitation of mineral matter from sez water, and
theoriee in which the development of the oolites is postulated
to have been caused directly by organic activity, usually algae,

Brown (191%) favored the chemical precipitation theory
because he felt thet various changes of structure observed in
oolites could be best explained by changes in the solutions
which precipitated the oolites. The algal material observed in
Some oolite grains were the remsins of algae which had selected
the oolites as places of attachment and had then been impris-
oned by further precipitation of caleclium carbonate.

Certain featurez, such as ripple msrks and cross-bedding,
found in oolite deposits and the occurrence of these deposits
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only along the shore were believed by Eardley (1938, p. 1372)
to show that the origin of the oolites is correlated with
vigorous wave action. Conetant agitation of the oolites caused
them to be rolled over and over, exposing new surfaces for
aceretion of carbonate and cauzing layers of uniform thickness
to be bullt up,

Illing (1954, p. 43) also found that the oolites of the
Bahamas occur only where the sediment is sudjected to etrong
currents. He found no evidence that algae, whose remains are
found iIn the oolites, have énything to do with the formation
of the Bahamian ocolites.

Many oolite~like bodies, such as Osagia, are algal in
origin but most calecareous oolites seem to have been rornadl
by the direct precipitation of carbonate on nuclel in a
turbulent enviromment (Pettijohn, 1957, p. 96). Organic activ-
ity may influence the PH, and thus the rate of Precipitation
of the carbonate, but hes no direct influence on the formation
of calcareous oplites,

Aecording to Brown (1914, p. 750}, Sorby in 1879 was the
first to point out that a1l Recent oolites are composed of

aragonite while older calcarecus cclites are composed of calcite

Brown (191%, p. 773), from work on Recent and foszil oolites,
toncluded that caleareous colites were first precipitated as
aragonite which, being unstable, soon changed to calcite, He
believed that the aragonite was precipitated as a result of

Chemical reaction between the caleium sulphate of the sea-water
&ndé the sofium carbonate and Smmonium carbonate generated by

Gecay of organie matter,
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Zeller & Wray (1956) ane ¥ray & Daniels (1957) belteve
thut the presence of smali amounts of strontium, barium, or
lead fone in solutien Influences the Precipitation of either
caleite or @ragonite. These cations are larger than the caleium

At the instant of Precipitation, the large ions are incor-
porated into the small eolloidal particles that form. If suf-
flelent time pasges before erystallization of the colloidal
material, the large ions will diffuse out into the solution
and caleite will be formed, 4t higher temperatures the rate
of erystallization is accelerated sna the large cations are
incorporated into the carbonate lattiece causing the formation
of aragonite. ¥ray & Daniels (1957, p. 2133) found that the
temperature range was very eritical. At 50°C the precipitate
was mostly aragonite, but at 40% it was nearly pure caleite,
Zeller & ¥Wray (1956, P. 151) state that colder waters seem to
Tavor the Precipitation of taleite, whereas warmer waters tend
to favor the precipitation of sragonite.

The large cations do not precipitate readily at low pi
values and calcite tendes to be formed under these conditions,

‘At high pH values (8-10) the larger ions are precipitated

¥ith the calcium carbonste ana aragonite is formed (Wray &
Dantels, 1957, p. 2033).

Zeller & ¥Wray (1956, p. 136) concluded that the presence
of magnestium ions favored the precipitation of caleite rather
than aragonite., The ioniec radius of magnesium 1s smaller than
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that of calcivm and thus tends to favor the more compsct
arrangement of the calcite unit cell. Monaghan & Lytle (19356,
P. 114), however, concluded that the presence of magnesium
ions In the sea water caused the precipitation of aragonite
rather than caleite, Their findings may have been influenced
by impurities in the reagents.

The oolitic limestone in the Vilas 1s believed to have
formed in shallow water, probably very near the shore. Illing
(195%) reported that the Behamian oolites are formed by the
currents only where the water has been warmed sufficiently to
be supersaturated with calcium carbonate, Most ¢hemists, how-
ever, doubt that a supersaturated solution could exist in the
presence of & erystal of the solute; the Vilas oolite deposit
¥as probably shallow enough for the sun to warm the water to
the saturation point with respect to caleium carbonate. Waves
and currents rolled the quartz grains about and caleium car-

the north, the currents were not 28 operative and the sea not
€0 saturated with caleium carbonate; hence only gquarts sand-
Btone was formed. If the oolites were precipitated as aragonite,
a8 it 1s assumed they were, the pH was probably about 8.

Areas of oolite formation normelly would be expected to
have strongly oxidizing conditions. The presence of pyrite in
the insoluble residues from the Vilas oolite is therefore
Quite surprising, Some of the pyrite is in the form of cubes
@nd probably was formed below the depositional interface. How-
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guartz grains and must have been present before the calcium
carbonate was deposited around the grains., On the basis of
laboratory experiments, Monaghan & Lytle (1956, p. 118) state
that sulphate-reducing bacteria might be important in the
origin of calcareous oolites. Environments containing sulphate~
reducing bacteria would be highly localized and would be
characterized by a deficiency of axygen, inereased pH, end

the presence of hydrogen sulphide or sulphide salts,

As the area of eastern Kansas continuved to subside, local
strong currents were developed In the northern part of the
state and the limy, ripple-marked sandstone near the top of
the Vilas was deposited. A return to conditions more normally
marine is indicated in northern Montgomery County where the
top of the Vilas contains ebundant crinoid stems and plates.

Stenton Formation
Captain Creek Limestome

Captain Creek of Northern Kansas~ The deepening of the sea
caused an end to the depositim of the clasties of the Vilas
Ehale and the beginning of the deposition of limestone in the
Horthern Area. Fine clastics were still being deposited in

the Central Area and parts of the Southern Area. Some of these
clastics were carried northwsrd into the area of limestone
deposition. In the most northerly part of the srea, a turbulent
zone allowed the development of oolites. The biota of the
lower limestone unit consists of small snails and shell frag-
ments encrusted with Osapla. Lane (1954, p. 58) coneluded that

Osapite limestones were formed in water approximately 60 feet
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deep and under generally quiet conditions. The water was

clear and shallow enough for the growth of plants, and gentle
currents rolled the shell particles around so that algae
accumulated on all sides. The fossil fragments were probably
derived from a shallow water zone which was characterized by
rolling and breaking by waves.

The general small size of the fosails and fossil frag~
ments in the lower limestone unit of the Csptain Creek is
probably caused by sorting by the gentle currents. The fossil
fragments could have been derived from the south, however,
the upper part of the Vilas Shale in southern Kansas 1s gens:-
erally barren of fossils. Also, there i3 no apparent increase
in the size of the frogments toward the south. If anything,
there is a decrease both in size and in the amount of orgenic
fragments, other than slgae, toward the southern part of the
area.

These factors &nd others, such as the presence of ocolites
and sand grains in the northernmost part of the area, lead to
the conclusion traét the fragments were derived from a shallow
area to the north or northeast. Whether this was & near-shore
area or a shallow bank Is not known. In any case, the sea floor
was sufficlently near the surface for wave action to bresk
the shells and for rip currents to carry the fragments into
deeper water, Small fossils and fragments along with very fine
gand grains were carried southward by currents. Locally, these
currents produced small oolites. Some of the oolites may have
been derived from the shallow area. Illing (1954, p. 43) has
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shown that oolites can form where currents sweep over the
edges of shallow banks. The oolites in the Captain Creelk, hows
ever, are larger than most of the foasil fragments e&nd, being
more compact, would have & higher effective density than the
small shells. The oolites could have been transported into
the area by storm currents but there are no large fragments
of shells associated with them, It would seem that any current
competent to carry oolites would also be able to carry large
pleces of shelle. It 18 also poszible that the shells have
been chewed up by bottom-dwelling scavangers. The oolites are
congidered to be indigenous and were formed in a shallow area
with a slightly stronger current than the surrounding areas.
The presence of fusulinids has usually been taken as
indicative of the deepest water phase of a cyclothem. By com-
paring fusulinids with modern large Foraminifers, Ellas (1937,
P. %18) concluded that the fusulinide of the lower Fermian
were benthonle forms (with the possible exception of Pacudo-
gehwapgerina) and lived in waters less than 30 fathoms deep.
A deep-water fauns in association with the shallow-water
Osagla would seem anomslous. The fusulinids in the Captain
Creek are not fractured or broken and 80 do not secm to have
been reworked or earried in a current for a long distance.
Moore (1929, p. 467) states that the presence of large well-
Preserved Foraminifera indicates a relatively guiet environment,
unagitated by strong currents or waves. This does not neces-
garily mean that the water was deep. The gea f'loor beneath
broad areas of shallow water would be subjected to little
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disturbance by waves because shallow-water waves are never
very large. Consequently, depths ranging from 5 to 50 feet
may offer enviromments similar, at least in the amount of
turbulence, to those at a depth of %00 to 500 feet.

The lower limestone unit of the Captain Creek in northern
Kansas was deposited in an oxidizing environment., This state-
ment is not contradicted by the occurrence of small grains of
pyrite in the unit. Krumbein & Garrels (1952, p. 20) point out
that reducing conditions may dGevelop below the depositional
interface even though oxidizing conditions exist above it.

 Southward, the lower limestone unit becomes more silty
and finally grades into shales. The biota is reduced until
only "Marksia" is present at the top of the unit. Theze forms
are most common in c¢entral Allen County and in Woodson County
and may represent & local area in which water was clear
enough for the growth of the algae.

The shale bed represents a time of introduction of a
greater volume of clastics into the Northern Area., The ghale
bed 1s calcareous and thus may be considered to be a masking
of calcium carbonate deposition by more abundant clastic maw-
terial. In local areas, the sediment supply was not great
endugh for complete masking and silty limestone was deposited.
The sediment supply was not rapid enough nor was the water
turbld enough to prevent the development of & normal marine
fauna .

Fusulinids are the most numerous part of the faunma in

the two shale samples examined. They are associated with other
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Foreminifera, crinoid stems, brachicpods, and rere specimens
of bryczoans. This fauna indicates a slightly deeper water
environment than the molluscan-Omagia blota of the lower lime~
stone unit.(Eltas, 1937; Lane, 195%).

The increased amount of clastic material may have been
caused by an increased competency and capac ity of streams
draining the land area to the south. This increase could be
related to either uplift in the land mass and/or downwarping
of the basin with regression of the sea. Climatie change could
cause an increase In the clastic supply either by increased
rainfall which would produce & greater amount of runoff or by
a rise in temperature and & decreased smount of precipitation
which would remove the plant cover.

The upper limestone unit of the Captain Creek is more
widespread than the lower unit and indicates a return of lime-
stone deposition throughout all of eastern Xansas and & wider
transgression of the sea than during the time of the lower
limestone unit,

The upper limestone unit is fine-grained to aphanitie.
The finess of grain size has usually been taken as denoting
deposition in quiet water. However, the importance of grain
size In limestones should not be overemphasized because the

original carbonate 1s usually recrystallized during disgensis.
Brachlopods are the most abundant faunal element in the
upper unit of the Captain Creek. In the Northern Area, the
most abundant brachiopod is Composita, followed by Enteletes
and Harginifera, with rare specimens of Dictyoclostus. Menard
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& Boucort (1951, p. 144-145) state thet the more spherical
brachiopods are the ones best adapted to live in the faster
currenta. This spherieal shape may be related to & secondary
characteristic of fast currents such a8 increased oxygen and
food supply, Enteletes, a very spherical form, is common in
the Captain Creek everywhere except in the extreme southern
and northern parts of the outerop area, The less spherical
Compogita is abundant only in northern Kansas and the non -
epherical Distyoclostus 1s found only in the extreme nopth,
If the shape of the different genera is indicative of the
water turbulence, i1t would Seem that there were currents
throughout all the area of ¢astern Kansas with faster currents
in the southern part of the state, Enteletes is present in
the thiek:limestone of Hontgomery and Wilson countiea whieh
iz belleved to be a reef, The reef was built above the wave
base and the region of growth was characterized by very turbu-
lent water. The essumption that Enteletes could 1live in very
turbulent water seems to be born out at leasst in this case,
The theory that more turbulent water was in southern Kansas
ie also indicated by the general eouthward increase in grain
size of the Captain Creek Limesztone,

Composita 1 common in the lower part of the upper unit
and is locally very abundant. This abundance in local areas
B3y also be couged by the sorting sctions or currents., The
local abundance of Composita and Dictyoelostus at Locality 1
may reprasent.eurrent'unrtxna OF may be a lag depomit, Only
about 6 inches of the upper limestone unit was deposited here,
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The top of the Captain Creek may have been very near the base-
level of deposition and the abundant bBrachiopods could represent

the accumulation of several generations.

Chert is present in the Captain Creek In Anderson and
Franklin counties. The presence of silicified fossils in the
chert together with the rarity and local cccurrence of the
chert indicates that 1t is sccondary. Rare sponge spicules
were found in the insoluble residues from this area., The chert
was probably formed by precipitation from ground water, The

ground water could have cobtained the silica from some other
area or 1t could have dissolved most of the sponge spilcules
and/or other siliceous fosgils and redeposited the sillca as
chert,

The upper pert of the Captain Creek in northern Kansas
is characterized by the presence of the calcareocus algae,
Anchicodium and Archaeolithophyllum. They are abundant to
the exclusion of other elements of the bilota. Illing (1954,
P. 17 & 21) has shown that the caleareous algse of the Bahsmas
are most abundant at a depth of about 60 feet. This figure
agrees with the 60-180 feet depth for calcarevus algse arrived
at by Elias (1937, p. 419 & 426) and the 60-90 feet depth for
the molluscan-Osagia phase of the lower limestone unit of the
Captain Creek. Clear water conditions must haove prevailed to
allow the profuse growth of the algae, A local area in western
Anderson County and northern Allen Cdunty was charscterized by
very qulet water in which very rineaaragnﬁd limestone was
depos ited.
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Capt: Croek Reef EX=

introduetion~ The lithological differences between the
Captain Creek of the Northern Area and the Captain Creek of
the Central Area are accentuated by the fact that no outerops
were found between the two, The changes in lithology noted
between the two areas could be only gradational changes related
to the southward thickening to the Ceptain Creek. However,
Newell (1933) describes differences in the lithology of the
Upper Missourian beds which seem to suggest a division of
these beds into a Northern and & Southern facles along a line
running through northern Allen County. Moore (1949, p. 80)
ascribeg the southward change of facles and variability of
the Kansas City beds to slight movements in the Chautaugua
Arch area of southeastern Kansas, The Chautaugua Arch is a pre-
Mississippian structure and probably had little influence on
the deposition of the Upper Missourian rocks. Jewett (1951,
P. 121) states that the Bourbon Arch of Bourbon, Allen end
Coffey counties, Kansas, was @& positive area between the
Cherokee and FPorest City Basins in Pennsylvanian time and
probably wae an area of meeting and overlap of sediments from
the north and the south. The thick Captain Creek Limestone in
Montgomery County, which iz believed to be & reef, does seem
to have influenced the development of the Captein Creek of the
northern part of the Central Area. This Influence becomes more
pronounced as the Captain Creek ies traced southward.

The Captain Creek of the Northern Area shows no particulay
influence of this thlck limestone development and may have
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originated from & source area sther than the one to the south.
HMeManus (1956, Plate 3) 1llustrates a subaserial region in
northern Missouri and southern Iowa during Bonner Springs time,
The oolites in the Captain Creek of northern Ksnsas suggest

@ shallow area somewhere nearby.

Definition of terms~ W, B, Wilson (19%0, p. 181) defined
& reef &8s a sedimentary rock aggregate composed of a generzlly
non-stratified rigid framework formed from the remains of
colonial organisms, The organisms lived near the surface of
the water and the general direction of growth of the reef was
upward. W, B, Wilson felt that this definition was in accord
with the definition of bioherm as given by Cumings (1932).
Blcherm means any mound-like or dome-like organic mass and
may or may not be a thanatocoenose, A reefl is composed of the
remainge of colonial and/or sedentary crganisms which lived
and dled in the same locality and thus constitutes a biocoencse,
The word bicherm iz & more inclusive term than the word reef
and Johnson (1953, p. 22) sums this up by saying "thus while
all reefs are bioherms, 2ll bicherms are not reefs,”,

Other writers (Link, 1950, p. 263) believe that reef and
bioherm are synonomous. MacNeil (1954, p. 399) considers a bio-
herm to be that part of a reef that consiets of the remains of
organisme while a reef 1s made up of a biocherm and the detrital
material derived from the bioherm.

Since the word reef has other meanings which do not imply
an organie origin, many auvthora believe that the term organic
reef should be used 80 as to not confuse methods of origin.
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The Glossary of Geology and Relsted Sclences (Howell, 1957)
places ¥, B, Wilson's (1950) definition of a reef under the
term organic reef but does not include it under the term reef.
The easential difference between a bioherm and a reefl as de-
fined by Cumings and W, B, Wilson seems to be that & reefl is
built near the surface and s a wave-resistant structure.

‘Henson (1950, p. 216) hes used the term "reef-complex"
to mean the aggregate of reef limestones and the calcareous
rocks "genetically (7)" associated with them. MacNeil {1958,
P. 351) does not like this term because it has been used as
an ecological designation and suggests “"reef rock complex™ as
& generic term for all types of roek that form reefs or are
directly derived from reefs. Henson's term sould scem to be
the better, however, because it can include rocks whose
deposition is influenced by thr growth of a reel as well ag
thuse that are derived from the reef,

The “back-reef” is that area between the reef and the
shore while "fore-reef” means the steeply dipping talus slope
on the seaward side of the reel (Howell, 1957). "Reef talus"
is used by Hewell, et, al, (1953, p. 67) to denote the beds
in the fore-reef slope, "Reef detritus” i the material derived
from the erosion of a reef (MacNeil, 1954, p. %00), "Basin®,
as used in this report, means the area in front of the reef
beyoné the fore~reef slope.

Link (1950) has 1llustrated the theory of the formation
of transgressive and regressive reefs. Given a reef growing
along a shoreline with & transgressing strand line, the reefl
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would grow in a vertical direction and, if the risze of the
gea level were not too fast, the top of the reef would main-
tain itself in the same relation to the sea level and the
distance from the shore.

An alternate hypothesis would be that if the rise in sea
level was rapid enough to drown the reef, other reefs might
8t111 ¢evelop in shallower waters near the shore. The drowned
reef and the newer reef might or might not be connected by
a2 blostrome~like bed. Link (1950) would call the reef develop=
ment assoclated with & rising or trangressing se¢a a trans-
gressive reef. Continued submergence would drown the reefs
and they would be overlain and surrounded by marine shales
and/or limestones,

The typlical back-reefl evaporite faciles of the regressive
type of reefl is lacking in the tranegressive reefs so that
there 1s no emsential difference between the shoreward, basin-
ward, end overlying sediments. The reefs deposited during the
first part of the trensgression may, if the wave base is low

encugh or transgression slow enough, undergo submarine denudation

and degradation, causing the tops of the reefs to be beveled
of f before the deposition of the overlying clasties. This
would give rise to what might be mistaken for a large unoon-
formity. Link (195C, p. 273) considers the D-3 zone of the
Leduc, Alberta, field and the producing zone of the Norman
Wells, Northwest Territories, to be examples of the trans~

gressive type of reef development.
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A regressive reef would be bullt in the case of a stadble
land mass and & receding sea or in the case of a rising land
mass, In either case, the strand line would recede and the
reef would be built out into the ses and over its own fore-
reef talus slopes. Backereef and fore-reel sediments assoclated
with a regressive reef are different. The back<reef sediments
would, according to Link (1950) be composed of evaporites and
clastics and would consist of anhydrites, gypsum, red shales,
sandstone, and rare limestones and dolostones.

Link (1950, p. 283) considers the Capitan Reef of Hew
Mexico and Texae to be an example of a regressive reef and
discusses the basinward cediments associated with it as
examples of the fore-reef sediments of a regressive reef, The
Delaware Basin was a bay having restricted circulation during

Permian times, Ventilation of the basin was incomplete through-

out much of the Permian and there was complete stagnation
during the late Guadalupisn (Hewell, et. al,, 1953, p. 193).
The black shales and limestones of the basin or pontic facles
of the Capitan Reef were, therefore, deposited in an abnormal
marine environment. ‘!"l':erc is no reason why the basin: facies

of a regressive reef cannot be the same as the normal marine

sediments characteristic of the basin faclez of & transgressive

reef .

Also, Link's (1950) reason for the development of the
back-reef evaporite facles of the regressive reef is that
these reefs would constitute & barrier reef and the lagoonal

water trapped behind it would gradually dry up and deposit
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evaporites. If the regressive reef were large, it probably
would produce a restricted environment in the back-reef lagoon.
However, a small regreesive reef would not necessarily have a
hypersaline lsgoon behind it because the lagoon could be
ventilated by eirculation from the sides of the reef or over
the reef. The sediments deposited in this back-reef area of
normal salinity would probably be thin limestone beds and
shale beds which, toward the shore, would intertongue with
terrigenous sands and shales,

During the regression of the sea, some destruction of
earlier reefe would take place, giving rise to brecciation of
the reef by wave action end subserial solution, The destruction
of the regressive reefs would probably be much more pronounced
than the submarine erosion of the transgressive reefs, The
regressive reefs would be overlain by back-reef deposits and
terrigenous sediments. Link (1950, p. 276 & 283) believes that
the D-2 zone of the Ledue field and the Capiten Reefl of New
Hexico are examples of regressive reefs,

Eaptain Creek Reef~ The Captain Creeclk Limestone of
northern Hontgomery County is a thiek, mass lve-bedded, coarse-
grained limestone containing much clear, crystalline calcite
and weathering very vuggy. Examination of thin sections and
acetate peels show that the limestone ie composed of brecciated,
fine-grained, algal (?) limestone fragments with the inter-
stices filled with calcite. Fossils found in the Captain Creek
are poorly preserved and are concentrated 15 pockets or lenses.,
The thickness decreases rapidly to the north and to the south,
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The brecciated appearance of the massive limestone suggests
erosion and breaking by waves,. All of these features imply the
existence of & reef in the Captain Creek of Montgomery County.
Except for the Merriam Limestone, all of the limestone
members of the lansing Gpoup show pronounced thickening in

- northern Montgomery County and southern Wilson County. This

thickness decreases rapidly to the north and to the south, If
the Captailn Creek Limestone of this erea is a reef, it is
logical to assume that the thick limestones in the other units
of the lansing are also reefs,

It iz possible that the lLansing Reefs of Wilson end Mont-
gomery counties are transgressive and regressive reefs.(see
Plate 3). The thickest section of the Spring Hill Limestone
is in southern Wilson County, the thickest part of the Captain
Creek Limestone 18 In north-central Montgomery County, the
Stoner Limestone is 25-40 feet thick throughout southern Wilson
and northern Montgomery counties, and the South Bend Limestone
ie thickest in weast-central Montgomery County. The shales
between the thickllimestones are thinner than in surrounding
areas and, in places, contain many thin limestone beds. These
features suggest that the Lensing Reefs are vertically connected
and that they have a regressive and transgressive relationship.
This is the conclusion arrived at through a surface study of
the lansing limestones., An investigation that utilized sub-
surface data might lead to a 4ifferent conclusion,

The main reef-former of the Captain Creek Reef seems to
have been a type of algae (see Fig, 28). This is in agreement
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with the evidence obtained from studies of modern and fossil
reefs. Ladd (1950, p. 204) says thet calcareous algse are
important in both buillding the reef and in binding the detritus
together, Newell, et. al., (1953, p. 152) list a number of
algal specles from the lagoonal phase of the Capitan Reef and
Kewell (1955, p. 306) says thet stromatolites {blue-green algae)
are the most abundant of the main frame builders of that reef,
Most of the maseive phase of the Captain Creek Reef 18 compoded
almost exclusively of brecciated algal (7) limestone. Brach-
iopods and Triticites are other common fossils. Crincids and
horn corals are conspieuocus by their rarity,. At Locality 25,
Enteleten is present in the massive, brecclated limestone and

8 Heospirifer cccurs in the medium-bedded limestone on top of
the massive unit, The massive, breccisted 1imestone apparently
was formed in more turbulent water than the finer-grained,

med ium~bedded limestone. The distridbution of the two genera

of brachiopods would scem to bear out the findings of Menard

& Boucort (1951) on the correlation betwsen brachiopod shell
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38 j;g shape &nd water turbulence. However, the massive limestone is
in a brecciated unstratified condition end may be a slope 4
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deposit derived from the main reef, The growing part of a
reef is subjected to incessant attack by waves and currents.
Most of the material eroded from the reef is deposited as a
fore-reef talus slope. Some of the eroded detritus is ecarried
over the reef, by high tides or storm waves, and deposited in
the back-reef lagoon. The fossils in the massive limestone,
although poorly pregerved, are not sufficlently broken to
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lead one to think that they had been transported very far. The i
material would not have to be transported far and, in fact, _
way only have been broken and not moved, Newell (1955, p. 3oe) ﬁ
states that the in situ reef limestone forms only a very small g
portion of the reef complex and Sollas (in Newell, 195%) L
ventured the opinion that the sctual reef limestome forms only i

8 thin outer orust or veneer on the reef whieh binds the
lovaer breccilated deposite making up the greater part of the
reef, J
The interstices of the massive, breccisted limestone arye J?
filled with clear, crystalline caleite, Examination of thin
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aectiann-ahuna that this coarsely erystalline caleite is not
the oniy material ocourring between the particles of algal (7) i
1imestone. The pleces of algal (?) limestone themselves are i
covered by a thin layer of small prismatic caleite erystals }‘
arranged radially with respect to the depositional surface, E
Partially filling some of the voids are faccal pellets (%), L‘
pleces of fomsil material, and small fragments of limestone,
Some of the fragments have a erust of prismatic caleite, The
reet of the voild 18 filled with the coarsely crystalline caleite
nentioned above, i
Newell (1955) has described the sequence of filling of
the primary voids of a reef. The first of the deposits in the g8
primary pores is fibrous calcium carbonate which is usually
deposited as aragonite. This aragonite soon undergoes convers ion b
to caleite, After the void is ¢oated by the encrusting caleium fg

carbonate, reef detritus enters the cavities. This relation~ iE
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8hip led Newell (1955, p. 30%) to believe that the chemical
precipitates as well as the detritus were deposited while the
pores were still in frée communication with the sea and that
the primary voids were largely filled with secondsry deponits
@t shallow depths. Newell (1955, p. 305) suggested that the
caleium carbonate deposited so early in the primary voids
came from the surface waters on top of the reef. These waters,
which are "supersaturated” with caleium carbonate, are warmed
in the daytime over the shallow reef flats and the solubility
of the ecarbonate is further reduced by the photoaynthesis of
plants, During times of ebb~tide, the surface waters form =
hydrostatic head & few inches above the surrounding ocean.
Part of the water moves to the pea through the voids of the
reel, depositing calcium carbonate in transit.

The volds which had not been filled by the fibrous cal-
¢ium carbonate and the detritsl materisl are finelly completely
closed by the precipitation of transparent calelite, Newell
(1955, p. 309} felt that the deposition of the clear calcite
took place relatively late in the history of the reef, after
free communication of the volds with the sea had been termin-
ated. The clear caleite may have been deposited by ground
water,

Newell (1955) established this sequence of pore-f1lling
from 8 study of the Capitan Reef and cores of Resent Pacific
reefs. He concluded that the primary porofity so characteristic
of reef rock 13 filled with secondary deposits soon after the
formation of the rock. He felt that the reef porosity which
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80 interests petroleum geologists is secondary porosity formed
by leaching aragonite constituente from caleite and the caleite
constituents from dolemite, Where this lesching had not taken
place, the reef would have a very low porosity.

Link (1950), however, belleves that primary porosity is
2 characteristic of the transgressive types of reefe. The
primary voids are partially filled by a thin ¢rust of caleite
erystals but complete filling could not take plsce on a large
scale, because the transgressive peed would be sealed off by
the marine shales overlying and surrounding the reef., The
deposition of the clear caleite, which ocours late in the
history of the reef, would not take place.

A regressive reef, such 8¢ the D-2 zone of Leduc or the
Capitan Reef, shows a different sequence of secondary deposits.
The regressive reefs ere overlatn by evaporites and clastics.
Waters could percolate down through these and completely
obliterate the primary porosity by secondary deposition of
caleite or dolomite.

Link (1950, p. 292) feels that it is the primary porosity
of @ reef which s of importance in petroleum geology. The
primary volds of a transgressive reef would become filled with
hydrocarbone derived from the reef animals and the deposit
would become an oil reservoir, Secondary porosity is developed
only when a large reef is uplifted near the surface and ground
water beging to dissolve cavities., If this uplifted reef were
then buried, it could also sct ag an oil or pas reservolr. How-
ever, the hydrocarbons would not be indigenous but would be
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derived from another reservolr, Such an accumulation would be I
close to an unconformity and Link (1950, p. 202) cites as an ‘
example of this type of pool, the Kevin-Sunburst field of
Montana where oil is present in large chambers in the Madison
Limestone at the Jurassic-Missiesippisn unconformity. i
The sequence of pore-filling which Newell (1955) demeribed b
can be discerned in the Captain Creek Reef. All of the voids
are filled, and Link (1950) believe that this is a character- k
istic of regressive reefs (see Fig, 30, p. 59). Newell (1955) |
said that the final pore~filling was by ground water action,
¥hich sccording to Link, doee not tale place in transgreseive
reefs because they are sealed off by marine shales, The lan-
ging reefs are not completely sealed from one another, however,
They 211 occur within a north-south distance of about 10 miles,
The shales separating the reefs are very thin and may be absent
in places, The Lansing reefs are small compared with most
reefs described in the literature and the height from the base
of the Captain Creek Reef to the surface of the water was
probably never more than about 100 feet during Lanbing time,
Also, in certain localities, there is evidence of subaerial
erosion above the Stoner Reef so the surfsce may have been
even closer to the Captain Creek Reef at times, If the Captain
Creek Reef was never completely sealed off from the entry of

caleite<bearing waters, the pores could have been completely
filled whether the Captain Creek is a regressive or a trang-
gressive reef, There is, of course, subserial solution going
on in the Lansing reefs at the present time. Davie (1955)
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degeribes emoll caves in the lansing limestones of southern
Wilson County.

The lLansing reefs exist within a very emall area and are
almost stacked one on top of the other., Link (1950, p. 278)
has suggested that & concentration of reefs would take place
along a steep slope in the sea floor. The sea floor during
Penneylvanian time in Kansas hes usually been considered to
have been fairly level or only gently undulating, even near
the shore, Regressive and transgressive reefs could be con~
centrated in a emall area if the rise or fall of the strand
line were only slight.

The reef which was in existance at the beginning of
Gaptain Creek time began growing southward with the rise of
the sea level which initiated Captain Creek time in northern
Kansas. At Locality 26, a local lagoon was formed on top of
the reef allowing deposition of medium-grained, fusulinid-
bearing limestone. This bed, or a deposit of similar nature,
can be seen at the top of the Captain Creek at Locality 27.
Somewhere between lLocalities 27, 26, and 25 the reef began
growing back to the north in response to another change in
the strand line (see Plate 3), At Locality 26, the regressive
portion covered the thin lagoonal deposit, No lagoonal beds
were formed between the regressive and transgressive phases
of the Captain Creek Reef at Locality 25 so there is & very
thick section of reef limestone et that place. As the reef
grew farther to the north, mediu~grained, medium-bedded lime-

stone was depopited on top of the former reef detritus, at
Locality 2%, behind the reef front.
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Heef growth was probably continuvous from Captain Creek
time through Eudora time somewhere in southern Wilson County.
Ho outerops showing a continual limestone section from the
Captain Creek, through the Eudora, into the Stoner Limestone
were observed, However, indications of this were seen in the
thinning of the Eudora toward southern Wilson County from both
the north and the south and in the presence of limestone beds
in the Eudora Shale of central Wilson County,

Bagk-reef Facies- During the time of growth of the Captain
Creek Reef, shales were being deposited in southern Montgomepy
County. A thin limestone bed wos formed during middle Captain
Creek time when the Captain Creek Reef was at its southern-
most position, The limestone is fine-grained but very silty.
Algse and small gastropods dominate the biota, This bed was
deposited in the lagoon or bay between the Captain Creek Eeef
and the shore. The lagoon was shallow enough so that sunlight
¢ould produce photosynthesis in the algae, Even though silt
and fine sand blew or were washed in from the land area, the
water near the reef was clear enough for the algse to grow,
Farther south, the influx of clastics was greater than near
the reef and the algae disappear and crinolds become the main
part of the fauna, The area of limestone deposition was only
about 5 or € miles wide, At the southernmost exposure of this
limestone (Loc, 30), the Captain Creek is only about 1 foot
thick and is quite silty, It probably pinches out between the
thick lane-Vilas and Eudora,
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Some of the shale called Eudora in southern Montgomery
County was probably deposited at the same time that the Captain
Creek Reef was being formed. The bazal blaek, phosphatie
portion of the Eudora in that area may have been deposited in
a resticted bay cut off from the normal circultation of the
sea by the Captain Creek Reef to the north, In this casze, the
Captain Creek Reef would be & barrier reef, g
The meditm-bedded, non-clastic limestone at the top of
the Captain Creek at Locality 25 i1s a back-reef depomit formed o
when the active growth of the reef was to the north, probably
in Wilson County.
As has been mentioned before, Link (1950) believes that,

by the nature of their development, regressive reefs have &
back-reef facies different from the basinward facies while

transgregsive reefs have back-reef beds which are similar to
those in front of the reef, Aleo, Link considers the Capitan

Reef Complex of Hew Mexico to be typical of 2 regressive reef
and its associsted back-reel sediments.

Newell, et. 2l. (1953, p. 115) list five lithofscies on

the shelf area behind the Capitan Reef; :
1, coguina and calcarenite . :

ks . fine-grained éolostone (secondary)

E 5. terrigenous phase- guartz sandstone.

The lLansing beds of southern Montgomery County are mostly
shales with a few sandstone lenses and thin limestone beds.
The Vilas oolitic limestone and the oolitlic limestone in the

T ————

South Dend may be analogous to the pisolite although Newell, ]
gt
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et, al. (1953, p. 150) favor an algal origin for that litho- |

facies, The Stoner Limestone, in southern Hontgomery County, 4
contains a foesil breccis which may be analogous to the eoguing .,
Ko evaporites or dolostones are asgocliated with the lansing

in either Kansas opr Oklahoma ., Actually, there is not much
relationship between the backe-reef sediments as listed by
Hewell,et, al, (1953) and the Lansing of southern Montgomery
County because &0 much of the Lansing interval in that area

iz shale. The Vilas Shale s the only Lansing shale unit which
;—h_ is thick north of the reef area. In southern Montgomery County,
it cannot be distinguished from the underlying Lane-Bomner
Springs Shale, Newell (1933) ¢1d not report any eignificant

¢hange in lithology between the Vilae in northemm Wilson

County and the Vilas Juat south of the area of the thick Platts~

burg Limestone, The general similarity of the shalea of
southern Hontgomery County with the shale units of the Lansing
to the north would suggest that this 1s sn area of transgress -
ive reefe if Link's (1950) interpretation were followed, 4s
we have seen, small reefs would not necessarily have a back-
reefl facles different from the basin sediments
kind of reefs they wepe,

Fore-reef Fagles~ The reef phase of the Captain Creek
Limestone ia present in Southern Wilson County and the thick

no matter what

Captain Creek near Fredonts reported by Wagner & Harris (1953)
may also represent part of the reef, No def'inite fore-reef
beds were recognized during the course of this investigation,
Wegner & Herris (1953) reported thast the Captain Creek is
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locally absent along a line of steep dips in western Wilson
County. F. Wilson (1957) interprets this es evidence of @
fore-reef slope. In central Wilson County, the Captain Creek,
while thin, still shows some influence of reef development
in its brecciated character. This may represent part of the
fore-reef talus,

Basin Pacies~- At Locality 23, also in central Wilsen
County, the bame of the Captain Creek is quite irregular. The
thiciness ranges from about 1 to 5 feet within very short
distances and all the variation is caused by the very irregular
base. The bedding planeg of the Vilas Shale are conformable
with the base of the Captain Creek (Pig, 20 & 21). The lime-
stone 1s not part of the reef phase of the Captain Creek. In
gross aspect the Captain Creek at thie locality approximates
the form of the Collenia colonics described by Fenton & Fenton
(1939) except that the rounded protuberences are directed
downward, However, the limestone shows little evidence of
being of algal origin.

It may be that the Captain Creek was deposited here in
small local channels cut in the top of the Vilas, However,
meny of the “channele®™ are too narrow and deep to be consgid-
ered as having been eroded in the soft muds of the Vilas. The
bedding planes are completely conformable to the base of the
Captain Creek and show no evidence of being cut by erosion,
These bedding planes may be fissility planes originating after
the shale was compacted. The close conformability of these
features and the base of the Captain Creek could be caused by




S I

AR AN T 1

T TR B TN TR N

108

the Captain Creek being forced down into the Vilas by the
welight of the overlying Stoner Limestone. The Sténer is at
least 1% feet thick in the roadeut. Ite actual thickness can-
not be determined by a surface study because it is exposed
on the downthrow side of a fault,

The basal part of the Captain Creek and the uppernost
part of the Vilas could have been deposited contemporaneous ly,
but it 18 not known why there should be such a looalized 4i1ff«
erenceé In ¢onditions leading to the deposition of elther 1ims ~
stone or shale, If this iz the explanation, the conformity of
the top of the Vilas with the base of the Captain Creek would
have to be due to the formetion of planes of fissility during
compaction,

The upper part of the Captain Creek in Wilson and Woodson
counties can be correlated with the upper limestone unit of
the Northern Area. However, the two were not developed under
the same conditions. The base of the Captsin Creek in northern
¥ilson County contains abundant Osagia pellets. Johnson (1946)
has shown that these are algal-foraminifersl intergrowths
composed of the thread-like algs girvanella and the foraminifer

Hubecularia, The intergrowthe probably owe their spherical
or elliptical form to being rolled about on the ocean floor

by currents, The water was olear enough and shallow enough to
ellow the growth of the alpse. Conditions necessary for the

growth of the Qsagis did not persist long, The growth of the
Captain Creek Reef to the south may have altered currents in
this area or in some way influenced envirommental condiilons
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on the sea floor, The water may have become more turbid with
the introduction of fine clastios from the south but this does
not agree with the presence of reefs in Wilsen and Nontgomery
countles. If the reefs were small or there were s break in

the reefs, the s1lt could still be ecarried into the area in
front of the reefs,

The Captain Creek of northern Wilson County and Woodson
County was deposited in water glightly more turbulent and
with more silt than the sea of Captain Creek time in the
Northern Area, Enough silt was introduced into the ocean from
the south to inhibit algal growth. Enteletes and Composita
are the only common fossils; fusulinids ere sparse. The brach-
iopods apparently could tolerate an envirenment different
from the Northern Area but the fusulinids probably could not
llve here either because of the currents or bdecause of the
turbidity.

The Captain Creek Limestone of this northern part of the
Centrel Area is light reddish-brown or buff in color, probably
Gue to the presence of iron minerals, Krumbein & Garrels (1952,
P. 26) state that caleite and the iron oxides could precip-
itate together in 2 slightly oxidizing environment with an Eh
of 4+0.1 and a pH of about 8,

Eudora Shale

In Northern Kansas, Captain Creek deposition was ended
by the shallowing of the sea and the influx of fine clastics
which were deposited to form the Eudora Shale., The first
¢lastics that were washed into the area contained some
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caleareous matter and were deposited in an oxidizing environ-
ment . Seaweed growth soon became so dense that circulation

was restricted and the middle part of the Eudora was deposited
under reducing conditions. In Johnson and Franklin counties,
the seaweed growth was not as abundant as in surrounding aress,
This area may represent a high or a tidal channel where con-
ditions were not suited for the growth of the seaweeds. The
quiet waters 2llowed the deposition of limestone and the
growth of calcareous algae. The presence of the algae indicates
that oxidizing instead of reducing conditions prevailed during
the time of deposition of the "mottled” limestone, Fine silt
wag Iincorporated into the limestone. This silt was probably
blown in because the abundant plant growth would prevent the
development of any currents in the surrounding areas.

The "mottled”™ limestone has been called "siliceous”
(Newell, 1935a; Moore, 1935) and recent articles dealing with
the mottling of limestones (Beales, 1953; Osmond, 1956) have
suggented that this effect is due to incomplete dolomitization.
The percentage of dolomite (MgCO3) in the "mottled" limestone
is only 2.98 and the silica content 1s only 3.29 percent.
Theae are beth low values and neither one is significantly
different from the average of the Captain Creek in eastern
Kansas (see Table 2, p. 70).

The figures mentioned gbove for the "mottled” limeztone
are an average for that bed, The composition of the dark bluee
gray portion of the rock, as regards the two compounds under
discussion, 1s dolomite~ 0.81 perecent; silica~- 1.65 percent,
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The percentage of the two compounds in the light gray portion
of the bed would be higher than the average value given in
Colusm 2, Table 2, but still would not be high enough to
warrent ¢alling the bed either siliceous or dolomitie,

The dark color of psrts of the rock may have been caused
by bacteris producing reducing conditions below the deposit~
ional interface (McMenus, 1956, p. 88) or by & slightly
greater concentration of orgsnic matter in the dark gray part
than in the light gray part (Russell Runmnels, personal com-
munication). The presence of organic matter is indicated by
the aslightly greater figure for Loss on Ignition for the dark
gray part of the rock than for the average of the bed, The
color of the light gray pert of the "mottled" limestone may
be caused by the presence of light gray or white silt:in that
part of the bed.or because the light gray part is oxidized,
The slightly greater percentages of sulphates and sulphides in
the dark blue-gray part of the rock indicate that reducing
conditions etill prevail there. The deposition of the "mottled"
limestone ended when a greater amount of clastics was introe-
duced into the area and sesweeds began growing there.

The black part of the Eudora Shale is thickest in northern
Kansas, Toward the south, it thins along with the southward
thinning of the whole Eudora. Only small pockets of black
chale are present on top of the Captain Creek in Allen County.
The Bourbon Areh, which extends through Allen County, may
haves served ag 2 s8ill or a barrier to restrict circulation to
the north and cause an suxiniec environment,
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The reducing conditions ended in northern Kansas and the
limy and silty, fossiliferous upper part of the Evdora was
deposited. This intervel is much more fossiliferous from Allen
County southward into Oklahoms, Brachiopods and crinolds are
the most common elements of the fauna in Allen, Woodson, and
Wilson counties., Near the Captain Creek Reef, in socuthern
¥ilson County, limestone beds were deposited during Eudora
time and reef growth was continuous from Captain Creek time
through Euvdora time,

Marine conditions still prevailed during deposition of
the Eudors Shale in Montgomery County. This is shown by the
erinoid and brachiopod fauna of the Eudora &t Locality 25.

In central Montgomery County, restricted conditions were
developed in the backereef lagoon and the black, phosphatie
lower part of the Eudora was deposited.

At Looality 30, the basal part of the Eudora contains
a gastropod fauns which Newell (1933) considered to be similsr
to faunas in southern Oklahoma and northern Texas,

The Eudora grades into the thick shale section of southern
HMontgomery County and Oklahoma, This shale may have been
deposited 8s deltaic beds in the same manner as postulated
for the Vilas Shale.

Stoner Limestone

The sea floor graduzlly lowered after Eudora time and
the Stoner Limestone was deposited, The Stomer is the "upper”
limestone of the Stanton megaeyclothem and, as such, represents
deposition in deeper water or farther from shore than the
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the other limestome beds of the Stanton (Moore, 1935). Over
the Bourbon Arch, shales and thin limestones were deposited
during Stoner time and exact differentiation between the
Eudora, Stoner, and Rock lake i3 difficult.

Reef conditions etill prevailed in Wilson and Montgomery
counties during Stoner time. The Stoner Reefl is larger than
any of the ether:lansing reefs, cropping out from central
HMontgomery County to northern Wilson County and ranging in
thickness from 25 to %0 feet. In Wilson County, local lagoons
were formed on the Stoner Reef as shown by a fauna composed
of gastropods, Schizopboria, Heek 2 and erinolds which
lived in these lagoons,

Subsedial conditions prevailed behind the reef sometime
prior to the deposition of the Stoner in southern Hontgomery
County and the top of the Eudora Shale was erofed. The clastic
limestone and fossil breccia of the back-reef facles of the

Stoner were deposited under strong current conditions, These
strong currents in the back-reef area may represent & time of
breaching of the Stoner Reef and development of longe-shore

. currents.

Rock Lake Shale

Uplift brought the Stoner of northern Kansas near enocugh
to the wave base to allow ércmam of the top of the Stoner
before the deposition of the Rock lake Shale, In local areas
this erosion may have been subaerial, The Rock Lake Shale
throughout northern and central Kansas was deposited very
near the shore. Fortions of the deposition occurred under
subaerial conditions and thin coal beds were Tormed.
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The Rock lLake was deposited under more normal marine
emd!.unha in the reef area of Wilsoncand Montgomery counties
as shown by the fusulinids found by F. Wilson (1957, p. 17-18)
in the Rock Lake Shale. Reef growth either slowed or stopped
during Rock leke time, However, the Rock Lake is very thin
over the Stoner in HMontgomery County and a part of the top
of the Stoner Reef may be contemporaneocus with the Rock Lake
Shale of northern Kansas.

South Bend Limeztone

Hormal marine conditions returned to northern Kansas with
the subsidence of the sea floor and the deposition of the
South Bend Limestone. The lower arenaceous, molluscan phase
was deposited nearer the shore than the upper, lesa arenaceocus,
molluscan~fusulinid phase.

Reel growth may have stopped during Rock Lake time but
it began again with the general subsidence of the area during
South n;nd time, The oolitlc limestone on top of the South
Bend Reef was formed in the currents and the shallow sea
which were caused by the gradual regression of the seas
preparatory to the beginning of Weston time.
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COMPARISON OF THE CAPTAIN CREEK LIMESTONE
AND THE MERRIAM LIMESTONE

The Captain Creek and Merrism Limestones are both fairly
typical examples of the "middle™ (5.5) limestones of the Kensas
Femnsylvanian megscyclothems, These "middle™ limestones are
dark to light blue-gray, fine-grained to aphanitiec, and occur
below a black, carbonaceous shale, As compared with other
limestones of the megacyclothems, the thickness and lithology
of the "middle" limestones are persistant over wide arese,
They are, however, generally lese fosgiliferous than the other
limestone bede of the megaoyclothems.

Although both the Merriam and the Captain Creek exhibit
these features of the "middle™ limestones, there are differences
between them. The most conspicuous difference in the two lime-
stones ie thickness. The Merrism is rarely thicker than 3 feet
while the Captain Creek, in nearly &ll exposures, is thicker,

‘:‘.:-- . & f_ e
then thig,

" Like the Captain Creck of the Northern Area, the Merrism
is diviseble into three units, The lower unit of the Merrlam
is much more variable in thickness than that of the Captain
Creckt, The Merriam's lower limestone unit averages about 2
feel thick but in Franklin County it increaseces loeally to
about 8 feet (McManus, 1956, p. 140-141), The thickness of the
lower limestone umit of the Captain Creek is fairly constant
at 1.5 to 2 feet. The lower unit of the NMerriasm is abaent at
a8 few localities in Johnson end Miaml counties while that of
the Captain Creek is present at all localities examined in the
Nesteern Area. Both lower units disappear south of Allen County.
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The biota of the two lower units is 2lso slightly @iff-
erent. McManue (1956, p. 21) deseribes 2 Composita zone and
an Ossgia-Myaline zone in the lower Merriam unit of northern
Kansas. Speciment of Composits oceur throughout the unit, but
in northern Kansas, commonly are concentrated in & sone near
or at the dbase of the unit, Overlying the Composita zone is
&n Osagia-fiyalins zone, The myalinids are more or less restricted
to this part of the Merrism but Ogapgia ls present throughout
the unit,

fomposita is rare in the lower unit of the Captain Creek
and the zone of Componita in this member is found at the base
of the ‘upper limestome unit. Myalins 18 much more abundant
in the Merriam than in the Captain Creek. MeManus (1956, p.
21) mentioned that gmetropods are present In the lower
Herriam but, apparently they are rarer then in the Captain

Creek. The amount of Osagla seems to be about the same in the
two lower unite. MeManus (1956) ¢id not report the occurrence
of "Marksia™ or eny other caleereous algae other than Opagile
in the lower limestone unit of the Merriam,

The lower unit of the Captain Creek is medium-greined
throughout 1ts outerep area end Iocally is slightly oolitie.
It contains slightly more silt then the rest of the Captain
Creek and becomes more silty toward the south. The basal pert

of the lower Merriam unit ie commonly conglomeratic and
contains shale pebbles. The rest of the Merriam is generally
aphanitic but may be oolitie. In northern Eansas, the ocolitie
pertion is slightly oross-bedded,
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Overlying both lower units is a thin shale bed. The shale
beds ere similar in regard to fauns ané minerslogy, although
the Merriam shale contains spiriferid brachicpods near the
Kansas River. The Captain Creek shale averages 0.2 feet in
thickness and is present only from southern Leavenworth County
south to central Franklin County. The Merriam shale aversges
about 0.2 feet thick and locally increases to about 0.5 feet.
It is absent along & line extending from southern Johnson
County to northern dnderson County but is present throughout
the rest of the ares where the lower limestome unit is present
end a;ay 2180 be present in southern Ksnsas where the lower
Merriam is absent (McManus, 1956, p. 25).

The greatest difference between the two members is seen
in the upper limestone unite, That of the Merriam is very
constant in terms of thickness (6.%-1.5 feet, average~ 1.0
foot) and crops out over a longer distance then the lower
Herriam unit, being present from Leavenworth County south to
southern Wilson County and possibly northern Montgomery County.
Throughout most of eastern Kansas it is & single massive bed
of aphanitic limestone, although in southern Kansas it is a
yellow, irregular, slabby limestone, MoManus (1956, p. 27)
stated that this unit was oolitic at two localities.

The upper Captain Creek limestone unit is commonly & feet
or more thick. It is fine-gralned to aphanitic and medium-
bedded in the Northern Ares. In southern Kansas, it ranges up
to G4 feet thick and is medium- to coarse-grained, In the reef
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complex the Captain Creek is magsive-bedded, No oolites were
geen in the upper limestone unit of the Captain Creek,

The uvpper limestone unit of the Merriem 1s less fossil-
iferous than the lower limeatone unit of that member, Opagis
are common in the lower part and calcareous algae ere common
in Allen County. The rest of the fauna consists of rare small
brachiopodd with some Composite, common ¢rinoid columnale, and
rare echinoid spines and horn corals, The most characteristie
organic feature of the upper unit is worm borings filled with
ferruginous ¢lay, These borings are 3-5 mm. in width and up te
8 mm. in length,

The upper limestone unit of the Captailn Creek is more
fossiliferous than the lower Captain Creek unit, containing
especially numerous brachiopods, Compogita are abundant at the
bage in the Northern Aree and Enteletes and Marginifera are
common throughout the lower part of the unit. Dictyoelostus
and other large productids are rere, Ogagls 1s present in the
upper Captain Creek unit only in Wilson and Woodson counties,
Calcareous algae are the characteristic fossils of the upper
1-2 feet of the Captailn Creek in the Northern Area and may
have been the main reef-formers in southern Kansas,

Generally, in spite of relatively minor differences, the
Captain Creek 2nd the Merrism are similar in northern Kansas.
This similarity diseppears Iin southern Kansas where the Merriam
pinches out and the Captain Creek assumes reef characteristics.
MoManus (1956) @14 not report any reefs in the Merriem Limestone.
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CORCLUSIONS

1. The Captain Creek Limestone member of the Stanton
Limestone formation can be divided into three rock units in
northern Kansas; the lower limestone unit, the middle shale
parting, and the upper limestone unit, These units are distinet
in lithologie and blologic charscters.

2. The lower limestone unit 1is fairly consistent in thick-
ness and lithology, but pinches out in central Kansas.

3. The shale parting is definitely identifiable enly in
northern Eansas,

4. The upper limestone unit s the most persistent and
the most variable of the Captain Creek units. In southern
Kansa® this unit s the only recognizable part of the member,

5. The Captain Creek of southern Kansas exhibits reef
characteristics, The main reef-former seems to have been &
type of algae,

€. Most of the lansing limestones of southern Kansas are
ébmrmny thick. These limestones exhibit characteristiecs of
regressive and transgressive reefs.

7+ The Captain Creek exhibits several lithofacies and
biofacies both vertically and laterally, These different facies
are the result of different environments of deposition.

8. The Captain Creek Limestone of Kansas was depos Lted
in the erulittoral zone of & shallow sea, at 8 depth of & few
feet to about 40 to 6O meters, The shallowest deposition was
in the reef comples area of southern Kanses and the Captain
Creek of northern Kansas wae deposited in deeper water,
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9. The major shoreline during Captain Creek time was |
toward the south in Oklahoma, There may have been snother i
shoreline, or & shallow bank, to the northeast in Missouri or "
Iowa,

10. The Captain Creek represents a falirly complete ¢yelo- .;-Tz
them in the ares near the Kansas River, but farther southward
and northeastward fewer eyclothemie unite are identifiable,

11. The exceptionally mottled limestone at the top of
the Captain Creek in Johnson and Frenklin counties is a local
facles of the Eudors Shale.

12, The oolitic limestone in southern Hontgomery County
is part of the lLane-Vilas Shale.

13. In northern Kansas, the Captain Creck and the Merriam
Limestones are very similar. In southern Kansas, they are
quite @ifferent,
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APPENDIX A

CORSTITUENTS OF THE COARSE FRACTION OF THE INSOLUBLE RESIDUES
OF THE CAPTAIN CREEX LIMESTONE MEMEER

1«1 BOf etehed, subhedral, subrounded quartsz grains
10% pyrite, some replacing spines or forems, some
amall pyrite grains in the etched pits of the
quartz grains,
arenaceous foraminifers

1-2 6OF arenageous foraminifers
40% brown silt ageregates

1-3 AJ0f light gray silt aggregates, some light green
10% brown eilt aggregates
158 small pyrite gra
25% arenaceous foraminifers and silicified shelil
material

1-3b 90% light tan silt aggregstes
arenaceous foraminifers
small quartz sand grains

5%
S
2=1 etohed, subrounded quartz sand graine

23 duamiuuted tan silt

10% arenaceou foraminifers

10# small pyrite aggregates

2-2 100% srenaceous foraminifers

2«3 60F fine and very fine pyrite aggregates
30# arenaceous foraminifers
10F tan silt aggregates
rare particles of maroon silt

2-4 50f pyrite, replacing spines and in aggregates
308 arenaceous foraminifers
108 brown silt ageregates
108 light gray silt aggregates
rare evhedral quartz grains

3«1 95F light gray and tan silt aggregates
5% arenaceous foraminifers
rare frosted quarts grains

light tan silt sggregates
8ilicified spines

ez zg,; arenaceous foraminifers
5%
5% frosted quartz grains, clear and evhedral quarts




3-3 205 arenaceous foraminifers
0% tan silt aggregates
10% silicified spines
rare ¢lear, subhedral quarts o

3<% BOF 211t aggregates
20F arenaceous foraminifers ;+
rare frosted quartz grains B

3«5 TO# tan silt aggregates
20% arenaceous foraminifers
10¥ silicified shell material

3«6 60f tan silt 2 tes
: 30% silieified shell materisl, some light green
10% arenaceous foraminifers
rare evhedral guartz

4«1 90K gray silt gates
5% arenaceous fmmmu
5% quartsz sand grains

§-2 708 light gray silt pates
0% arenacecus foraminifers
10F silicified shell material

4-3 6OF light Bilt
308 n:ﬁum foraminifers
108 silicified shell material

h-4 60% light gray silt apggregates
405 srenscecus forsminifers
rare anhedral quarts sand grains

4-5 100§ arenacecus foraminifers
rare clear anhedrel quarts fragments

<6 BOF arenaceous foramin'fers
20% light tan silt aggregates
rare c¢leayr anhedral guarts frapments

-7 BOX arenncecus foraminifers

light tan and light gray silt aggregates
rare anhedral quartz fragments

-8 BO% brown silt a gates
40% silicified spines
108 arenacecus foraminifers
10% white 811t grains, may be from crushed
foraminifers
rare small pyrite grains




G2

50 etehed fine quartz sand graine

308 rine to coarse pyrite aggregates

108 arenaceous foraminifers

108 maroon silt ns,gmutca
large white silics plates
muscovite mica flakes

608 light gray silt a gates
30% arenaceous rmmgm
5% etched guartz sand grains
8ilt aggregates
evhedral quarts fragments

TOF light gray siit aggregates
30% arenaceous foraminifers
small pyrite aggregates

gg a;rm’.@t«m fgﬁmmuen
gray s aggregates
10% euvhedral quartz tmmf;tn
rounded quartz grains

60% brown silt aggregates

30% silicifried shell material

10% arenscecus foraminifers
pyrite aggregates

GO% light tan silt aggregates
208 s1licified shell material
OF silicified epines
Of arenaceous foramin ifers
rounded guartz sand grains

light tan s11t aggregates
gg; arenaceous rmintré‘:s
208 silicified shell fragments and spines

euhedral guartz grains

80% very dark brown Bilt aggregates
15% fine pyrite ageregates
88 arensceous foraminifers

TOf brown silt sgeregates
20% arenaceéous tamg:u‘en
10% fine pyrite aggregates

6Of Light to dark tan Bilt aggregates
hox tr::a?‘:;m foraminifers and silicified shell
mater

60% arensceocus foraminifers
40 1ight gray silt aggregates

|
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6«5

6«7

7-1

T2

T4

T3

78

8-

9-1

g2

808 brown silt agprepates
15% arenaceous foraminifers
% pilicified shell material

B80f 1ight tan eilt gates
20% arenaceous foraminifers and 8ilicified shell
material

60% arenaceous foreminifers
RO brown eilt eggregates
evhedral quartz fragmenta

0% 1ight tan 11t a gates

40% arenscecus foraminifers

108 te aggregates

108 eilicified shell material
¢vhedral quartz fragments

80% brown silt apggregates
208 &mt iggﬂn foreminifers and silicified shell
material

OF brown siit ageregates
arenaceous foraminifers
106 eilicified shell material

50% arensceous foraminifers
508 subrounded quaris graine

60 arenaceous foraminifers
0% gray silt agegregates
frosted quartz sand grains

50f brown silt s gates ’
200 light gray uft. aggregates
204 niﬁciﬂed_ ehell material

10% black chert
biotite flakes

90% small fine-grained pyrite ageregates
5% light gray silt aggregates
eérenaceous foraminifers

Ko insolubies were prepared from Locality 8.

50% brown silt aggregates
30% fine pyrite amg;ton
20% arensceous foraminifers

807 brown silt asggregstes
20% arensceous foraminifers and silicified shell
fragments




9-3 60f arenaceous foraminifers
0% pyrite aggregates
euliedral quartz
9«4 90% arenaceons foraminifers
5% maroon 8ilt aggregates
5% pyrite aggregates
rounded, frosted quarts grain
biotite flakes

9-5 408 tan silt ageregates
40L arenaceous Toraminifers
20% rounded, frosted quartz graine

Q=6 fm arensceous foraminifers
lg; tan silt aggregates

9«7 1008 arenaceous foraminifers
¢vhedral quartz greins

9-8 100¢ arenaceous foraminifers
euhedral quartz grains

9-9 100% arenaceous foraminifers
evhedral quartz grains

9«10 90% arenaceous foraminifers
10% tan silt aggregates

$-11 BOF tan silt aggregates
107 s1li0ified spines and arenacecus foreaminifers
10% fine greined Pyrite aggregates

10-1 60% light gray silt aggregates
40% s1licified spines
arenaceous foraminifers
tan 811t aggregates
one sponge apicule

10-2 B0% dark gray silt aggregates
208 ceous foraminifers

10-3 gg :iﬁ:um sﬁ:;es R
5 gray s aggregates
20% c¢lear unhedral quarts
eponge gpicules

10-4 80% ribvrous silicified shell material
10% silieified spines and bryozoans
10% euhedral quarts erystals




10-5%

10-6

10-7

10-8

10-9

10-10 B0% light gray to light tan silicified shell material

11-1

11-2

11-3

11-%

115

11-6

131

7O% fibrous silicified shell material

10% silicified epines

20% white silt grains ;
evhedral gquartz greins ‘

gﬂﬁ light gray fibrous silice and silicified spines
Of subhedral dolomoldic clesr quarts

S0k light ¥y to tan fibrous silica
108 chi?:r olomoldic guarte
itized foreminifers
silicified spines

90% nilicified shell material

108 nilicified spinen
arenaceous foraminifers
emall pyrite cubes

80% light tan milicified shell msterial

108 light gray silt |
10% siﬁuﬁ:ﬂ spines |
arenceeous foraminifers |

10% silicified spines end arenacecus foraminifers
108 gray silt aggregates

|

908 fine sand grains ’

5% white interstitial silica I
5% small silicifled epines

nmuscovite mice flakes

90% fine quartz sand
10% silicified spines
arenaceocus foraminifers

90F very fine guartz sand graine _
10% srenacecus foraminifers and silicified epines

908 very fine quartz sand grains
108 arenaceous foraminifers
silicified spines

90F silicified shell material
5% arens2eous foraminifers
5% euhedral quartz crystals

50% ten milt aggregates

30% dark gray silt aggregates
10% arenaceous foraminifers
105 silicified spines
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11-7 50% dark gray esilt aggrepates
508 white interstitial silica
arenaceous foraminifers
silieified spines
euhedral guarts

11-8 gg nmc:nu rmmtgers
Gk gray & aggrea
10% white silica plates

1143 90% tan fibrous silicified shell material
10% arenscesus foraminifers

11-10 40% white to tan @ilicified shell material
60% arenaceous foraminifers

11-11 508 dark gray silt aggregates
20% tan silt aggregates
200 arenaceous foraminifers
10% subrounded quartz sand grains
pyrite oubes

11-12 60% tan s1lt as?emus
306 arenscecus foraminifers
10% subrounded guartz sand graing

12«1 & light tan quartz sand grains
Rg dark brown silt aggregates
10% pyritized spines and foraminifers
arenaceous foraminifers
aggregates of small pyrite cubes

12~2 80% fine guartr sand grains
15% dark brown gi1lt aggregates

arenaceous foraminifers

echedral quartz greins

12-3 708 large cark brown silt aggregates
308 fine sand graing

12-4 308 light gray fine sand ins
30% dark bwu: eilt ag—greg:es
30€ light grey silt aggregates

12.5 gqt dark brown pilt aggregates
it e

12-6 50% tan silt aggregaten
?qﬁ euhedral quartz fragments
- :rr;ﬁc:g: ?‘mg:ﬁm

127 508 tan silt aggregates
OF brown silt apgrepates
0F arenaceous foraminifers
e
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1?—8

12-9

13-2
13-3

13-4

1%-1

142

143

?Oﬁ dark brown silt sggrepates
OF light gray silt aggregates
204 arcnaceous foraminifers

i e,
1 ageregates
108 black ﬂ%{ amum@

80 tan s1lt gﬂm
108 green shale fragments
10% arenaceous foraminifers

BOE dark dbrown silt aggregates
158 brown 81t grains
# large silicified shell fragments

?ﬂ brown silt aggregates
OF light greay silt aggregates
arenaceous foraminifers

TO0% dark brown silt aggregates
Qg arenaceous foraminifers
large fragments of sillcified shell material

5% ridbrous porous silica

gg ameﬁga rnmtzz,mu
gray silt aggregates
euhedral mmmzmm

608 arenaceocus foraminifers

30% gray silt aggregates
108 gllicifted -1fuuz‘uz

60F tan s1ilt sggregates
20% silicifled shell fragments
20% erenaceous foreminifers

608 tan silt gates
0% arenacecus foraminifers
10% brown 811t aggregates
muscovite mica {lakes
white silt aggregates

60f tan s1lt aggregates and grains
40% arenaceous foraminifers
fibrous porous silica masses

TOZ dark ten silt aggregates
20% arenaceous foraminifers
102 light gray silt aggregates




1.5

15«1

152
15«3
154

15-5

16-1
162

163

16«4

165

16~6

80 silieified ghell material
10% arenaceous foraminifers
10 tan silt aggregates

60% small tan silt aggregates

30% pyrite aggregatea

10% arenaceous foraminifers
museovite mica flakes
evhedral quartz

70% tan s1lt aggregates
30% arenaceous ruﬁ':m“era

60% tan eilt aggregates
30% dark brown silt aggregates
108 arenaceous foraminifers

TO8 porous silica masses and plates
258 silicified shell material
5% pyrite aggregates

Eﬁﬁ sark brown silt aggregates
Of tan silt aggregates
10F pyrite replacing spines and ehell materisl

80% brown silt aggregates
20f arenaceous foraminilers
sillicified shell material

50% white siltcified ghell material
§O% pyritized shell material
arenaceous foraminifers

gray silt &Fﬂ gates
2&‘ arenaceous wa?inirem
1058 pyrite aggregates
euhedral quartz grains

50% arenaceous foraminifers
308 silieified shell material
20f sggregates of pyrite cubes

50% arenacecus foraminifers

20% silicified porous plates of shell material
20% aggregates of pyrite cubes

108 gray silt aggregates

go,x arenaceous foraminifers
Of light tan silt apgregates
108 pyrite aggregstes

sponge spicules

134




17=-1 IOﬁ dark brown silt aggregates
0% arenaceocus foraminiferns
10% pyrite aggregstes and pyritized fossils
108 gray silt grains

7«2 50% 1ight eilt grains
608 m::f?é-i foraminifers

17-3 60% light gray siit grains
40% arenaceous foraminifers
euhedral quarte gratng

. 17«4 6O£ light tan oilt a gaten
20% arenaceous foraminifers
20F frosted and ¢lear guartz fragments

18-1 80% large dari grey silt ageregates
15% arenaceous foraminifers
% fine-crystalline small pyrite aggregates

18«2 50 fine subrounded quartz sand grains
?g brown siit aggregatens
108 arenaceous foraminifers
angular quartsz frapments
mugcovite mica

18«3 80% fine subrounded quartz sand graing
= ;4 amueem foram tm““:
angular quartz fragments
muscovite mica flakes

184 608 emall white silt aggrepates
30% arensceous rmmgem
108 fine subrounded sand grains
muscovite mica flakes

18-5 80% fine subrounded quarts sane graing
15% arenaceous foraminifers
9% muscovite mica flakes
angular guarts fragments

19« Ho insolubles wepre prepared for Loecality 19.

20-1 90% fine subroundea quartz sand grains
108 s11281ried epines

202 2% tan s1lt ageregntes
0% fine subround quartz sand grains
108 eremscaous foraminifers
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20«3 g :li:e :tlagrmaeu g:rtz sand graing
8 ; lm 3
107 emall rim-cmﬂtuum pyrite aggregates

21-1 60F fine subrounded quartz sand grains

10% pyritized ozoans
108 amnumh;gmmuam
museovite mica flakes

212 ?os fine angular to subrounded quartz sand graing
0% arenaceous foraminifers and 8ilicified mpines
108 brown sils aggregates -
small pyrite agzregates
Eonimuacovite mica flakes

21~3 BOF fine angular to subrounded quartz sand grains
20% arenaceous foraminifers
nuscovite mica

22«1 408 tan siit aggregates
308 Tine subrounsed quartz sand grains
208 small pyrite aggregates
10¢ arenacecus foraminifers

22«2 BOY small rounded pyrite pellets
20% fine subrounded to angular quertz sand graing
arenaceous foraminifers

22«3 Sgg ;gg&nem rmamarerst
. t gray s agrregates
20F fine subrs ded quartz sand grains
% pyrite pellets

22«4 904 white 811t aggregates
107 fine subrounded to angular quartz sand

2 T R S A S S i o o o
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23-1 908 fine grystalline pyrite grains and aggregates
108 8ilicifiea spmam era

23«2 T0f fine Subrounded quartz sand grains
20% arenaceous foraminifers
10% fine crystalline Pyrite

€33 GO% fine mubrounded quartz sand grains
208 arenaceous foraminifers
20¢% small fine-crystalline rite ageregates




e S R A e e s R e B e o o o B T S ATl (0 A T —
R I Mo B PP LA 14 100 A ey PR I B s, 17 om0, 58 T8 AT, rmiinan mm iyt e+ iy R—— .

2kl

252

25«1

25«2

25-3

254

25-5

25«6

257

25-8

25-9

137

308 tan silt aggregates
gﬁs arenaceous foraminifers
0 fine subrounded guartz send grains

0% tan silt aggregates

gq‘ OF fine sand grains
OFf arenaceous foraminifers
small pyrite aggregates

30% tan silt a mtes

308 arenaceoun ¥m§nmtfem

20% platy silica _

20% Tine angular to subrounded gquartz send grains

0% tan silt aggregates

40% fine angular nﬁd graing
158 srenaceous foraminifers
&% small pyrite aggregates

100 tan fine sand graine
arenaceous foraminifers

100% tan fine sand graing
arenascecus foraminifers

W fine angular quariz sand grains

208 arenaceons foraminifers and silieified apines
108 white sngular chert
10% euvhedral quarts grains

708 fine angular to subrounded guertz sand grains
20% tan silt aggregates
10¥ arenaceous foraminifers

frosted, rounded guartz sand graine

80% fine angulsr to subrounded guartsz sand graine
20% arenaceous foraminifers

90% tan 1;;30 angular to subrounded guartz sand

gra
& arenaceous foraminifers
5% frosted subangular quartz grains

60% fine angulor quartz sand grains
20% arenaceous foraminifers
108 tan silt aggregates

25«10 100% fine engular sand grains
25«11 90% fine angular gquartz sand grains

108 arenacecus foraminifers




£5=-12

26-1

262

26-3
264

27+la

28-1

28.2

138

Q0% fine angular quartz sand grains
10f white uﬁiﬂ

80% pyriticed fossil material
20% arenaceous foraminifers

gb)‘ arenaceocus foraminifers

Of brown nilt eggregates

10F fine subrounded quartz send grains
small pyrite cubes

1008 arensceous foraminifers and unca.mm shells

708 light tan s1lt aggregates
2% white silt aggregates
58 silicifled spines

40% brown silt apgregates(l)

3@ fine subrounded qguerte sand graine
20% pyritized brysozoans

10% arenaceous foreminifers

60% fine angular quartz sand graing
35¢ brown silt aggregates
5¢ arenaceous foraminifers and silicified spines

6085 brown silt ageregates
204 fine angular quartz sand grains
10% arenaceous foraminifers

€0% brown silt aggregates
20% fine angular quartz ssend grains
10¥ asrenaceous foraminifers

60F fine angluar to subrounded quarts sand grains
108 brown silt aggregates
10% black silt aggregates
207 arenaceous foraminifers
silieified gpines

708 light tan 81ilt aggregates
258 fine angular quartz sand grains
%% srensceous foraminifers

BO% 1ight tan silt
1% arenaoceous foraminifers
5% fine sngular quartz sand graine

{1) gha émpure limestone a fow feet below the Captain
reek.
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29-1 80% sngular to subrounded quartz send mm(n
§ 105 small pyrite aggregates
104 light ten silt aggregates
arenaceous foraminifers

29-2 90%L light tan silt aggregates
10% arenaceous Toraminifers

30-1 90F large gray silt ageregates
&% arenaceous foraminifers

5% small pyrite aggregates

31-1 95¢ medium~sized angulsr to subrounded, etcmu)
guarts sand grains
5% small pyrite aggregates and grains, some of
the grains ere in the etched pits of the
quartz grains

31-2 95 engular guartz mmu)
&% brown £ilt aggregates

(1) vilas oolitic limestone.
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APPENDIX B

MEASURED SECTIONS OF THE G.:APTAIN CREEK LIMESTOKE IN EASTERN

Locality 1. Center east side, Sec, 36, T. 9 8., R, 22 E,,

Leavenworth County; measured on west bank of Kine Mile

Creek. Thickness
Feet

Stanton Limestone

Stoner Limestone member ‘
Limestone, thin~bedded, uavy-bcdded. top
O?Odtﬁ. M.Q #u"wdt.lttctttilllctoolIO!QGQO! 12+

Eudora Shale tiember
Shale, covered, base is black and fiselle.... 6.4

Captain Creek Limestone member
Limestone, massive, weathers thin~bedded,

Upper six inches light gray, lower part

dark gray. Dic tug and many small

S ntas Gsspis, and ts s1ightly

8 u 8 iy s slightly

oolitiei..lai.:btlt..ﬂ..l‘.i“-le‘l‘.dl...l. 2l6
Vilas 3Shale

Shale, dark gray, HPlotkY.covevivnassannnvenss unneasured

Locality 2. Center north side NW 1/4, See. 27, T, 10 8.,
R. 23 E., Wyandotte County; measured on south gide of road,

Stanton Limestone

Stoner Limestone member
Lmeatrme. FlOBL . cvcvsennnoscssasnrrassavecns unmeasured

Eudora 8hale member
Shale, mostly covered, black shale as
float. Three inches of reddish-brown,
flimy end sandy shale at DABe....vvverarvnsnss 5+

Captain Creek Limestone menber
Limestone, medium-bedded, light blue-grey,

fine-grained to dense, ﬁp_%s%ﬁ_&. Composita
and linear slpae. Algae abundant at top.
mu‘mm. 1“‘11’ ab‘m’ldﬂﬂt-.,.g---o-.----... 1'6




Locality 2 {Cont'd) Thickness
Feet

Limeatone, massive, blue-gray. Fusulinids

100311? .bmnt 't m’e...it.DQioto.bOOJOJQO . 2
Total Captain Creck member- 53

Vilas Shale
Emu’ c“emﬂi.tﬁtfltttii!.0.!0‘.‘.'.".'!' 18.5

Plattsburg LimeBtonC . covsvevcerevcnssossrcrecenses UNMEABUred

Loecality 3. cgnter south side, Seo, 36, 7. 10 8., R, 22E,,
TARTEDRISTh

Leavenworth Countys measured on U. 8, 40 east of Woll
Creek bridge.
Stanton Limestone

Stoner Limestone member
Iaiﬂ&!ﬁﬁll. m.'i"’ “W-MGGEG.....-.“--..“ 11:9

socEpGora Shale member
Shale, mostly covered,; bottom half black,
umr m‘f my...OCICSOOIl'ill!lttl‘!’..i.tﬁ 5-9

Captain Creek Limeatone member
Lmtm‘ m"i“. 11@1& bl‘”"’myo
- Enteletes, Composita, Marginifera, shell
frapments, fusulinide, erinoid stems,
Linear aigae abundant &t top. Fusulinids
common &t base, less common above, At 1.2
and 2 feet below top are 2 inch bands of
muh’m lthOioi.‘.O.--l.olﬁﬁll¢l& “.1

V1u' 8!“1QIQ...CQCC"...Ot..'.‘...l..t‘i"..Cl‘f' man“xﬁ

Locality 4. Hear center west side See, 18, 7, 11 8., R, 283 E,,
Wyandotte County; measured on Kansas Turnpike between
Bonner Springs Interchange and 14%2nd Street bridge,

Stanton Limestone
Stoner Limestone member

Limestone, medium~ to massive-bedded,
wavy~bedded, light gray. Pusulinide,

erinoids, brachiopods. Zone of QOttonosia
bear t”ﬂ'llll.t....“..".'.‘G".ti...ﬂ!.".' 11'3
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Locality &. (Cont'd) Thickness
. Feet
Eudora Shale member ;
Shale, dull black and subfissile at base,
tan and 1“, at topqtl,.tﬂiﬁbtti'tt‘cta-cottc 3'6
Bml‘. buck. r“.ll_’.-..'..’.........l'..... 1‘0
Shlhg bhﬂk. ’ubf“aile.ooﬂbiintilto-c.qctli 0‘7
Shale, light grey, silty and limy...covsvneees 0.8
Totel Eudora member- 5.8

Captain Creek Limestone member
Sh..l, IIMltm; Oﬂﬂﬂiﬂﬂm.....o.-.....-u-.. oll

Linestone, two beds, dense, linear algac
at topanémme Composita below..... 1.5

Limestone, :tga bednhgimt "8y, geg:e,
Q%mm a se ear algse a se
‘ﬂ l‘ topiiilllii:lilll.i.‘.i.‘.!lillltlll.&’ 2.;
Limy shale parting, yellow-brown, silty.
- 8hell debris, echinoid eapines, fusulinids,... 0.1

Limestone, dark blue-gray, medium~ to fine-
grained, éw erinoid stems, horn
ecorals, fusulinids. Myalinid shell in top....  _1.4
Total Captain Creek member- 5.4
Vilas Shale

Ehale, light gray, sandy, blocky, & 2-feet
siltstone bed about 6 feet LElow tOP.cevvvess 23.0

Locality 5. Center west side, See. 27, T. 11 8., R. 23 E.,
Wyandotte County; measured on road to Camp Naish
Stanton Limestone

Stoner Limestone member
Limestone, thin~ to medium-bedded, wavy-
bedded, fusulinide, erinoid SLemB..cvvvvennss 11.%

Eudora Shale member
Shale, dark gray to brown, {i88ile. . ovvcvevas 5.3
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Locality 5. (Cont'a) Thickness
Feet

Captain Creek Limestone member

Limestone, two beds, 1light blue~gray,
fme-mmed. Compoaita abundant at

base. Enteletes, MArginifen....cccevueerenss, 3.7

!‘w ‘ml‘ MMOOOQQQQOOOOOOIOO!I0!00..00. 0'1

Limestone, one bed, dark bluve-gray, shell

fragments and erinoid stems, Fusulinids in

top.l.ﬁ..ioaott‘.iiQ#!l!l‘.!.l.tllilOil'i.!io .LL‘
Total Captaln Creek member- 5.3

Vilas Bhale _
smu'mm,....:sotldcotl-chatiuiotolti 101

Sandstone, fine ined, silty, ripple-
ﬂam; tﬁm‘um.'a.:twttt.:tiiioilttwt.lo 2.1

smuii6Q¢-Ql¢tt001hn.qct.ob.oq-oc-actocc..og m“w

Locality 6. 8W 1/4, 8E 1/4, See, 13, T. 12 8., R. 21 E,,
Leavenworth County; meesured in roadeut between Linwood
and Mt. Sidney cemetary,

Stanton Limestone
Eudora Shale member

Shele, black and fissile at base, tan

aﬂo lm at‘ topd-itliﬂoﬁti.il.!.’ti‘.l..i!l!c. 508
Captain Creek Limestone member

Limestone, three beds, light blue-gray,

Qm-wﬂdy ﬂb!mmt 11!108? ameo---colo-oo 2&6

Limestone, one bed, light blue- to

gray, abundant at base, linear

algee common &% top, rare fusulinids,
armom ‘gm'tl‘..‘ltta!.DOO.'.Q.O.‘..'CQ..O 107

Limy shale parting, light brown to - TR 0.2

Limestone, massive, blue-gray, medium-gra ined
rare brachiopods and erinoid Stems,.......... a3

Total Captain Creek momber- 5.8
Vilae smu...........................,.......,.... unmeagured
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mlit, 7& sw e”. 3“. 3#. 'f; 12 3.; RQ 21 8.. Douﬁm

County; meagsured in gua on east side of road.
g e Thickness
Feet
Stanton Limestone

Eudora Shale member
8”1‘@ GOVQ'Mlttt;.nuc'oiqltiti!llitn‘!totIOO 5'2

Captain Creek Limestone member
Limestone, light bilue~gray, fine-grained
to aphanitie, Abundant algae, rare Enteleten.. 1.0

Limestone, light blue- ¥, finee ined
ta % g:e'af erxggd stems

.

oo oW ﬂpaouaqca-ono;o-o--natctccuatct 2.7
Limestone, blue-gray, Gomposita common,
1inear 31@5 m”oo.-ou-u.;wanﬁevnuircocb-olt- 1.7

Lm Cmu mmmgciraowc.a'nio.io&lcht&ipdi. 0.1

Limestone, fine-grained, massive, blue-
gray, erinoid stems, Marginifera, fusulinids,. -rad,

Total Captain Creek membere 6.9
Vilia’ sml".'.'...t...O.G.‘Iiﬂﬁ*.l‘.*"f‘..l'.."l mmum

Locality 8. Center south side See, 3, T, 13 8., R. 21E,,
DBouglas County; measured in rosdeut on weat bank of
Captain Creek. Type seetion of Captain Creek and fudora.

Stanton Limestone

Stoner Limestone member
Limestone, ercsional TOINANE e cconvronsececnes 6.0+

Eudora Shale member
Shale, dark tan, clayey, DIOMRY e covosensivsaes 0.5

Shale, light wmaroon, BL1ty, LIOCKY.ovresvanns 1.1
Shale, dlack, IBBLLe e canrvrresvivectsncnnes 0.5
Shale, dark gray to black, subfissile........ 1.2
Shale, black, £18812€..uuruunennsenscssnnsan 2.5




Locality 8, (Cont'd) Thickness
Feet

Sh‘xﬂ’p llﬂit gray, lmsot--naovtivp-oiooutno .._Q’.i_

Total Eudora member- 6.3
Captain Creek Limestone member
Limestone, massive, fine-grained, light

blue-gray, algae abundant, base of member
u cmndtiitlﬁtittﬂttillluDocthiiittiil.tth 2!1

Loeality 9. NE 1/%, See. 10, T, 14 S., R, 23 E., Johnson
County; measured in epillway of Olathe city lake,
Stanton Limestone

Stoner Limestone member
Limestone, erosiond] remnant.....ceecveesvass 6.0

Eudora Shale membor
upper part browm and c¢layey, Rase covered.... 6.5

Limestone, light blue-gray, mottled with
reddish~brown, top uneven, abundant algse..,. 0.7

Limy 8hale Porting..ceccersssiassesccrorenses T -
Total Eudora member- 7.3
Captain Creek Limestone member
to Gense, ‘sbusdant mimser . o TR e

Limestone, light gray, dense, :bmdant

algae, rare s and
GPMDM ’tMllqi.l&ilitti.iOﬂhﬂt!iﬁ!'d...i't 00?
Limestone, light gray, dense abundant
algae, rare M‘m erinoid stems...... 1.3

Limestone, light blue-gray, dense, algae
mm&n; ahm&;% mtttuvo. 106

Limy shale parting, fusulinids, horn coral,.. 0.2
Limestone, hlue-wyiemﬂim*gramed.

Composita, horn corals, produetids, rare
fusulinlds, crinold BtemMB..v.v.cveossencennons 2ok
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Loeality 9. (Cont'a) Thickness
Feet

Lmamm mﬂwg-iﬁfﬂlﬁftllttnt..Ui.itltll. 001

Limestone, blue-gray, medium-gralined,
cinoid nt;u. shell f’mgm:tn. fusulinids.... 2.6

Tetal Captain Creek member- 6.4

Vilas Shale
SMIQ. ’-tmt gray, bl““cou.t.’.tttoc&iooctt 5-0"

Locality 10. SE 1/%, See, 27, T. 16 8., R. 20 E,, Franklin
County; measured in abandoned guarry,
Stanton Limestone

Stoner Limestone member
Limestone, erosiontl Temnent..cceeasssssccnnes 3.0+

Eudora Shale member
Shale, olive to tan, silty, blocky, 1im¥..cees 3.5

Shale, dark gray to ¢ull black, subfiseile.... 1.9
3“1’!. hhﬂka t“#i“b.a'.dl’ftlﬂt‘.tt)&lD‘Gl- 105
Shale, dark gray, sublienile..vvivscevsvrnnve 2.0

Limestone, mottled blue and gray, dense,
algnl, tOP UNCVYEN . srsssscsssosossevcssssenae 1.4

Lmlhalﬂ mmstotaoilboo--.qt&00t0005100i _M__
Total Evdora member-10.8

Captain Creck Limestone momber
Limestone, light blue-gray, dense, top
glightly mtt ed, Avundant algae, Rare
brachiopods In DASC...vsrssvssvsisnsnvssvnsss 2.4

Limestone, light blueegray, dense, rare
dark gray ahert nodules ., Enteletes and
Compesita, Common algie In TOP..osevveonvecen 2.1

Limestone, blue-gray, mm-mm,
Wéﬁ and rare « Fusulinids _
a s ¥ hxﬂ' at Up--s-nu.avcoasn-oc-goao 1.2
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Lecality 10. (Cont'd) Thickness
Peet

- Lmtm’ hl‘u&'MY, ﬂﬁim-@'ﬂlﬂed 'EEE R R __A‘__ O
wotal Captain Creek members 6.7

Vilas Shale
smh’ ewem.itoII!'i!hiilt&ll.*l.‘tiIli‘.‘ 5!5

" toecality 11, 8V cor, Sec., 6, T. 17 8., R, 20 E., Franklin
County; measured in Bert Ross quarry.
Stanton Limestone

Stoner Limestone member
Limestone, 1ight gray, wavy-bedded....cecvees 10.0+

Eudora Shale member
Ehalt. 0117@. ailtgotcnoosta--ocnov-»hiuooqto 210

Shale, dark gray to black, pubfiselle.svaeve 2,0

Shale, black, Clesile..cacecnnvosvnonacvacens 1.0

Shale, dark groy, sublisslle.icescccrcvesvens 3.5

Limestone, two beds separated by brown

e e et 100hr S1g80sencercresss  BoT

Limy ton shale Parting..cesvecsvsereverecoves .+ Pt -
: | Total Eudora member- 10.%

Captain Creek Limestone member

Limestone, 1ight blue-gray, dense slightly
mottled, ;b\maant- lmear'aipe...:..“....... 1.6

Limestone, three beds o8 Enteletes

erinoid stems r#.ne-gz'-a%a. "%op el Tat

linear algae ioeauy abundant ., Small

chert nodules in lower DOAB.svssevsservencane 2.8

Shale parting, fusnlinids s ovavesnssscnccsnone 0.1
Limestone, two beds, light blue-gray,

AeBsSe. Chert nodules near top. Fossils in
the chert, Fusulinids and Mapginiferd....ceoees 1.8
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Locality 11. {Cont'd) Thickness
Feet

Lm lhllﬁ Mmspotl.-iiiiﬁttdtiviotbin.ll’ abe
Limestone, blue-gray, medium-grained to

dense, Osagia at top, Productids and -
fusulin on top bedding Plane...veevvcncnes 1.00
Ll-, 'h‘lﬂ mm‘l.lobil!Qil'l..!.ll'c"i.tt 001

Limestone, dark blue-gray, medlume
grained, orinoid stems, fusulini@s........... _ 0.6 _

Total Captain Creek member- 8.2

Vilas Shale
sml.! lme mwl "J-tyniqotuttﬁntcubo.c;cat 0&9

l’httatmrg Lmtm.;--ruuuugt..ohtoootooc:atcc.c unmeasured

Locality 12. sW 1/%, See, 5, T, 18 8., K. 20 E,, Franklin
County; measured in roadeut Just eapt of Middle Creek

bridge .,
Stanton Limestone

Euvdora Shale member
SMM. cmnd'oa-.ti.!'l!b!tcIQFQOQQIQ.Q.'Oti.& 6.6’

Captain Creek Limestone member
Limestone, light blueegray, massive~ to
medium-bedded, fine~grained, Small horn
corals, crinoid stems. Linear 8108€.......... 2.7

Limestone, light blue~gray, dense, medium~

bedded. Enteletes, Composita, Marginifera,

orinoid stema, Linear algae common. Rare

emall chert nodules near - 2.2

Limestone, light gray, magsive, {inee-
ined. Fusulinids at base and top,

nteletes and COMDOBItE . vvereesnrnsassocncnn 1.6

Limestone, blue-gray, medium-grained,
massive. Rare fusulinids, myalinid eghell..... " .

Total Captain Creek member- 8.4
Vilas ahﬂl"oot-uovocnoitoicotot-nol--uootoc--:anoo- unmeagured
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1%

Locality 13. Center west side, See, 4, T. 20 8., R, 19 E,,
Anderson County; messured in roadcut at north end of North

Fottawatomie Creek bridge., i‘hw:

Stanton Limestone
Stoner Limesgtone member

Limestone, erosional remmant....csveesveneses 3.0+
Eudora Shale member
smz” oiiw' szltyﬂtbdi.¢‘0"¢0.DOIQOGQGII‘IO 0‘3

‘ sml” bmck’ rm'iieﬁlbﬂﬂilﬁ"iﬁﬁﬁ‘ﬂD...l..l 1“
| shﬂh’ olive‘ ailt""ll’.ii'.'l'.’..t’.'ﬁ“'. .I%--I
" Total Eudora members 1.9

Captain Creek Limestone member
Limestone, light blue ¥, Gense, massivew
to medivm~bedded. Abundant linear slgae...... 2,1

Limestone, light gray, medium« to thin-

bedded, Light gray and dark gray chert

nodules near basge, Enteletes abundant

near top., Common 1linear GlEde IN tOD..eevveds 3.8

Limestone, light gray, fine-grained, medium-~
bedded. Small gray chert nodules near top. o5«
Abundant productids about 1 foot below

top. Pusulinids in thin shaly partings.

e A AR R R R R N N R R R ] 3‘0

Limestone, da ¥, massive, medium~
grained, algal(?), DASC COVEreG.vevscvocnsesns —2,08

Total Captain Creek member- 9,54

Locality 1%, Center east side See, 12, T, 20 8., R, 19 E.,
fnderson County; measured in quarry on east side of road,
Stanton Limestone
Captain Creek Limestone member

Limestone, thinebedded, wavy-bedded, light
gray, medium-grained. Rare chert nodules o wuu:

at base. @gelﬁtieg, inife fusulinide,
and a large ec 014 SPINC , vaneswsersssranvar k.2




|
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Locality 1%, {Cont'd) Thickness
Feet

Limestone, medium-grained, thin to
medium-bedded and wavy-bedded, Dark blue~
gray, Lineay algae near top, Rare chert

nodules near top. w%ﬁg. Enteletes,
rare Compoglts, ond orinold BStemB...voevveans -
Total Captain Creek member- 7.8+

Vilas 8hale
Shale, gray, flaky tO BlOCKY.iveesssssvenvsces Ted

Locality 15. Center eouth side, K 1/2, See, 12, T. 20 8.,
R, 18 E,, Anderson County; measured in small guarry.
Stanton Limestone

Stoner Limestone member
Limestone, light gray, erogional remnant..... § O+

Eudora Shale member
Shale. From base upwards- 0.2' black and
crumbly shale, 0.5 feet light gray shale,
0.4 feet tan and limy shale, Gradational
contact between Eudora and Stoner, sharp
between Evdora and Captain Creek. Thick-
ness varisble, blaok shale miseing in places,. 1.1

Captain Creek Limestone member
Limestone, two beds, very fine-grained,
Dark blue-gray, Styolites along Dase...cevvse 0.6
Limestone, massive«~ to medium-bedded.
Light blue~gray. Black shale partings
between bedn. Enteletes, fusulinide,
emall horn corels, rare brgozuns. Bage
covered, Member actually about 10 feet....... _ %.64

Total Ceptain Creelk member- 5.2+

Locality 16, HE cor,, Sec. 19, T. 24 8., R, 18 E,, Allen
County; measured in small quarry.

Stanton Limestone
Stoner Limestone member

Limestone, coarse~grained, im s light
my, thm"bedded’ mvy’mﬂde T R RN N §.0+




i3

Locality 16, (Cont'a) Thickness

Feet
Limestone, thin-beddeq, coarse-grained,
interbedded with limy shale, Composita
4. erinoid ‘tmiﬁilUOIQilii:lltitl __&L

Total Stoner member. 10.8+

Euvdora Shale member
Shale, dark gray, 1imy. Fockets of black
shele at base, Small low-spired gastropods,
erinold Btemm, COMPOSItE..ururnrereyraynons .. 0.8 I

i
Captain Creek Limestone member i

Limeatone, light blue~gray, wavy-bedded _ |
thiﬂ-’mﬁéﬂ,lﬁne&!‘ ‘me ;MMIdititt:.thi 0-9 fli

Lm.h‘h m’tmgiiut!uoitil"tﬁottiotlioﬂtc 0#1 ‘II'Jl

i
Limestone, dark gray, linear algae snd
Composita

l."...lll’ﬂt...ll.l’.l’ll..lh.l...i G.E

Lw Bhnl‘ mtmg, aalm myil.tt’tbltﬁliboii o!‘ fllr
Limestone gaxgktmré‘mﬁg?-bedd;d. m:;g It
grained, Enteletes r era VMPOS ¢

llldﬂlﬂ 1mr glfueo-o§nat-noc:ngcoto-t-u:'a A‘;‘L

Total Captain Creek member 5.8+

Locality 17. 88 eor., Sec, 25, T, 2% 8,, R, 17 E., Allen
County, measured in roadeut on U, 8, #54,
Stanton Limestone

G:mg: ma{f‘;imsme ui:aber — lll K

imestone, | t gray pure - to .
med ium-bedded, medium- to coarseera i a. FE
SeANOghoneus near base, Rare linear algae.,,, i

',iotbﬂioenltouiit.b"&illlUIIQ..Q...; 8.6"

Limestone, maseive lower 1.5 feet dark
blue-gray, dense im:any has linear

&lgae ('mmm"f at top, Upper part ig

light blue-gray, Uradational contact with

mrlyms 1M'tMOttttt‘olt#n.tuﬁtti.qn!‘tl ..._3.‘,?;-.

Total Captain Creek member-11.8+ i

Vilag Shale
Shale, dark PR s usssttnnsnvenscssnesrscesese unmeasured
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Locality 18, W 1/%, N 1/%, NE 1/8, Sec, 32, T. 85 8. R. 17 E.
VWoodaon County) measured in roadcut,

Thickness
Feet
Stanton Limestone
Captain Creck Limestone member
Limestone, medium-bedded, wavy-bedded,
light gray, medium-gralined. i
large b es, crinold stems, Top eroded... 2.8+

Limestone, three beds, light gray. Linear
algae, emall Composita, Heospirifer....cccoes 1.%

Lm Ib&lﬁ, fululini.&...”“.......n...uu 003

Limestone, thin~bedded, dark blue-gray
“mun.emmtlti.ﬂ:ll....il"‘.tld:Utli’“ %

Total Captain Creck member- 5.3¢¢

Vilas Shale
at‘l" 1w.opcar¢toociiocbooot.otistd!su-o-otc OG?
Limestone, dark blue-gray, abundant .
Compogita in upper part, Base Irregulll..c..coes 2.0

shﬂu, 11@t m’-onoatvqtacnintougnuu.otco.o-o Mum

Locality 19. Center south side, Sec, 33, T. 23 8., R, 17 E.,
Woodson County; measured in roadeut on county road,
" Stanton Limestone

Captain Creek Limestone member
bedded, fine~ to coarse-grained, top eroded.. 5.0+
Limestone, light gray, thin- to medium
bedded, medium-grained, small W
common &t base, wmany thin ecale VeInB..ovvso 5.5

Shale, limy, thin limestone beds,
'”11 w.lllitiltjii.lnbitill..Unowt..l 10“

Lmaton!’ daﬂ blm‘m’, “Mmm“ sEer bR s e e OOT




Locality 19, (Cent 'a)
Limeatone, fine-grained, dark blue~gray
conglomeratic with many siltstone pebbles,
Pinches out within about & FOMBscrrcvsrssivee
Total Captain Creck member- 13.8+

Vﬂ.al 5“1’.&-!.0000bttiootlvtlniioﬁooonctlcQQO.GQ unmeasured

m"-ty 29. cﬂﬂtﬂl‘ ‘“t SMQ, 8“0 36] ?. E? 5.’ R. 16 Eo'
¥ilson County; measured in eut along railread.
Stanton Limestone

Stoner Limestone member
Limestone, light gray, erosionsl remnant..... 7.0¢

Eu@ora Shale member
Shale, gray, marly, erinoid BEOmS .. niiennns 1.5

Limestone, tan, BEQIUM-Erained. v, vrrnnny.,, 0.8
Shale, gray, 1imy, Tusulinids . vvvnnannn,.. L8
Total BEudora membere 2.7
Captain Creek Limestone member

Limestone, light gray, fine-grained
medium-bedded, upper pavt :umugnéotuua.

and algal, gﬁ.gﬂxgg, gggg etes,
MHIMMS. d e govere Stsssesnscsesnsacnnesnee 5.0%

Wilson County; measured in roadeut on K32,
Stanton Limestone

Stoner Limestone menmber
Limestone, 1ight gray, erosional remmsnt,..,. 6.0+

Eufora Shale member
Shale, tan to brown, L2 0.6

Captain Creelk Limestone member
Limestone, thin-bedded, 1light gray, shaly.... 3.0

Total Captain Creel member-. 6.0
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Locality 21 (Cont'd) mi;im:u
. ‘ge
Vilas Shale
shlze. 011"’ 1m¥1tllli'..‘tid‘il."ii.O!O.t‘d 3'8
Limestone, dark blue-gray, GeNBC€...cvosvenvssns 0.5

Shale. 1:&,’4'..!'!."!.&.".0..COO.‘..'....'.‘ Wum

Locality 22, WW cor. SW 1/4, 5¥ 1/4%, Sec., 7, T. 29 8.,
R, 16 E,, Wilson County; measured in roadeut.
Stanton Limestone
Stoner Limestone member
Limestone, light gray, thin<bedded, Crinoid
ﬂtm an'd m...!%.lll.!.".‘lﬁlittilo.nﬁtll alm

Eudora Shale member

Limestone, light y &and interbedded

gray limy shale, Emall myalinids,

Composita, erinoid stems, LIyoZOBNS...ccscevse 2.5
Captain Creek Limestone member

Limestone, massgive, medivm~ to coarse-

grained, Abundant crystalline calelite.

Enteletos, bryozoans, ¢rincid stemB.......vee 7.4

vlmn 8“1&..‘."'0!fi'.l..‘.i."‘.0...".‘.."'1‘ mm

Locality 23, Center south side, Seec. 7, T. 290 8,, R, 16 E,,
Wilson County; measured in rosdcut on K-47,
Stanton Limestone
Evdora Shale member
Limestone and interbedded shale, small
mlmid‘ near bﬂﬂ&, tﬁp tme'dooctcpttfotnoo 3!5"

Shale, lower halfl black and fissile,
HFWI' mﬂ tan &nﬁ 1mlilltonittttotilu|tuon _M_

Total Eudora member- 5.1+

Captain Creek Limestone member
Limestone, fine- to medium-grained,
nautiloids, 8, dark blue-gray.
mse 1’ V’El‘? g'u r.v.looni-.lauao-|0ioott hta
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Locality 23, (Cont'd) ‘ Thickness
Feet
Vilas Shale
Shale, silty, a 2-feet sandstone bed 26.0

about 3 feet above the DEBL . .. .scssnsssrronee

Locality 28, NE cor., See, £6, T. 30 8., R, 15 E., Wilson
County; measured in new roadcut.

Stanton Limestone
Captain Creek Limestone member

Limestone, magsive, light gray, coarse
grained, crystalline caleite. Top erocded..... 104

Vilas Shale
Gray limy shale and gray shaley algal
limestone DEUB s svevasvasssvnressssasrsnssnssre 19.?

Limeptone, dark blue-gray, dense, wediume
md“d. MQO."...Q.l'ii“...ﬂ.l—l‘lh.'... ‘Q*

Sha}.e, gEray, lm-ontaca.o.io-to-oociwa-obatc -_2_‘1_
Total Vilas~ 17*3

Flattaburg Limestone
I‘mstmﬂﬂi.I.tb.’(..!!#ll."‘.tq!‘ii-ﬁ.i“li &le

Locality 25, Cen, Sec, 31, 7. 31 8., R. 15 E., Hontgomery
County; measured in roadeut along county road,

Stanton Limestone

Stoner Limestone member
Limestone, erosional remnant..ccievcavovsasns 2.0+

Eudora Shale member
Shale, tan, limy. Derbyia, Marginifers,

ﬂ't’hﬂiiﬂ ’tmco.tii01.0§itlctaqot.asaaulhttq. 8;7

Captain Creek Limestone npember
Limestone, iight gray to tan, thin-bedded,
§ame- to medium-grained, fusulinids near
ase, Neospirifer

mtop.lﬁltl..!’lﬁbtii'CQQQC 28‘“

s
a8

=
ig"

X
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Locality 25. (Cont'd) ' Thickness

Feet
Limestone, light grey and light tan,
massive, Fine-grained but with abundant

masses of erystalline caleclite, Eg*g;_gmz.
fusulinids, and erinoid stems in lenses...... 16.8

Limestone, light gray, medium- to thick-
bedded, medium-grained, abundant calcite

masses ggggg}g%, fusulinids, and rare

emall ﬁem corais, Fossils esfseez.any

Gmm ‘t the mtoilotonbolt'auctt.t.uouonto 12!3

Limestone, light gray, medium-grained,

medium~ to massive~bedded, w

fusulinide, rare crinoid stems and rare

hm cﬂl‘lu--coa..-aqobooo--...-..-.;.....-a- _‘_L.g_“,
Total Captain Creek membere. 64,1

Vilas 8}“1"&("'0..'.!.lltal'nl#tl.lt(lh.lnitooo. unmeasured

Locality 26. SE cor,., Sec, 9, T. 32 8., R. 15 E,, Montgomery
County; measured in old quarry on east gide of Table
Mound,

Stanton Limestone

Captain Creesk Limestone member
Limestone, massive, light gray, abundant
clear and milicy caleite, Weathers very
vugey and pitted, Common Enteletes, top
2 or 3 feet are sliightly gralined
with less crystalline calcite and with
fusulinids and crinoid fragments. Top
nme‘!"'..t..t.ottll’ﬁ.'it“...l‘.'ldl'.l.. egh“

:matone, nié.gm gray to tan, i;hrlge :@ﬁs,
UM ~Zra . %g%g letes, crinoid steme
abundant fusulin suouvna.-'nctanuaooo-tc0o- 3»2
Limestone, massive, light gray, abundant
erystalline caleite, Weathers very wvugey.

Lower 1 foot 1s dark gray end fine-grained
with a few crineid stems, Rest contains

%BB%E& fusulinids, and crinoid stems,
op 8 crust of crushed fouBils..convveere 20,9

Total Captain Creek member- 36.54
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Locality 26. (Cont'd) i Thicknens

Feet
Vilas Shale
Shale, light gray, limy, crinod plates.,...... urmeasured

Locality 27. SW cor., Seec. 14, T, 32 8., R. 1% E,, Montgomery
County} measured near bridge over Elk River.
Stanton Limestone

Eudora Shale member
SMI" em“di.i‘!t’ﬂ!i.l.l't.n.tl0!*0‘.0.’0 1&-5

Captain Creeck Limestone member
Limestone, upper 4 feet thin- to medium-
bedded with abundant fusulinids., Rest of
member massive, li,ght gray, with abundant
calelite mml. Enteletes copmon in base.

W’ ] fﬂ'ﬂllﬂidﬂ.....-.;t- 1505
Vilas Shale
ahﬁh » 1mt my. lilt?. Gl'inaid Gtm LR 1 «3

Limestone, dark tan to buff, impure, !
erinoid stenms and Heospirifer. .ovssessennenne 1.0

Shale, dark gray 0 0livVve.ccessvocnnsconrnnes 5.0

Sandstone, fine~grained, limy and eilty.
m” nw ‘mtiiil.tlUOQCUQtﬂl"il.l’ﬂltlti!i. 7'2*

. P
Locality 28, Center north aide, See, 36, T. 3{)}5.. R. I8 E,,
(S,
Hontgomery County; measured in roadeut on K-160,
Stanton Limestone

Captain Creel Limestma member
gy with tan splotches,. Marginifera, rare

ulm&digatno!ootiicrsqttnoous‘c-tiltooooio 203

Vilas Shale
Shale, brown, eilty, elightly 1im¥..coceveses 2.8

Sandstone, dark gray, silty eand 1limy..ccceeee g.2
Shale, 48TYK Gr8Y, B1lt¥.ucvesssesesanveesssses UNmeasured
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Locality 29. NE cor., Sec, 5, T. 33 8.s R. 15 E., Montgomery
County; measured in roadeut on north pide of Walker's

Mound . Thickness
Feet
Stanton Limestone
cagutn Creek Limestone member L 7o ey s
imestone, medium-bedded, dark blue-gray, R
”mﬂid debrl'Qil.‘ti‘.l.‘ttsl‘UOI&’&‘...!..' 2'6
Vilas Shale
am‘.' cWGQOCOOCOI-CbQOIIOGOCOOt.llut..l. 3’0

Limestone, oolitic, Dl Y et ernernnncnne 1.0

Locality 30, 8¥W cor., See. 5, T, 3% 8., R, 15 E,, Montgomery
County; messured in ditch at corner of road,

Stanton Limeatone
Ludora Shale member

Shale, nanu{ covered. Black, phosphatic
shale about 1 foot above the DBBE . euvesersee. Unmeasured

Captain Creek Limestone member
Limestone, lower 1.5 feet buff and marly

and contains crinoid stems, Enteletes, and
m;{%%. Upper part 1&53’2’%&&&5 and ?
m cr o da-l.-“...itU...“lQ‘l..l‘Iﬂ‘...”.t eio

hﬂ!"yim smuic'ﬂllllﬁtoitioiibﬂ'tl“l‘...'..90 mw

Locality 31. 8E ecor., Seec. 30, T. 34 8., R, 15 E., Montgomery
County; measured in guarry northeast of Tyro.
Stranger Formation (?)

Tonganoxie Sandstone member (%)
Sandstone, reddish- » tross-bedded,
disconformable on underlying shale. Top
erMMOlititiiODUOQOCODOOQt..‘."lt!i‘t!..!.l 1000‘

Weston Shale (7)
Shale, light gray, silty, thickness
“ruhl'.ll!.'l..l'i...Iill!..l.‘..lt’l...'.l ?.a




Locality 31. (Cont'a)

Lansing Group

Limestone, sandy, contains rounded pebbles,
eross ~bedded

 EE R R N RN R RN R RN SRR R R

Shale, light gray and silty at bese,
upper part black and fissile. Pinches out
m thia Qtlﬂ.!'!‘?........-.uan;.on--.-.-.--..

Limestone, oolitic, massive, faintly cross-
bedded, Wilson (1957) measured 17.9 feet of
this bed by the use of cores, Base cannot

bﬁ .m m th” QWIIQOOODIﬂ!.tOQOll.“"'

Thickness
Feet

2'6

1.6

15,0+
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