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INTRODUCTION

Purpose and Scope of the Investigation

The economic importance of the Paleozoic rocks throughout the ; idcon-

tinent region of North America, particularly as a source of petroleum, has

led to an increasing desire for a more complete understanding of tlvtt part

of the geologic section. To provide some of the basic data, the Kansas Geo-

logical Survey in July, 1937 began a study of the older Paleozoic rocks in

the subsurface of Kansas.

The study was first assigned to Raymond P. Keroher as part of his duties

and later, in July, 1941, Jewell Klrby was also assigned to the work, which

was completed during the winter of 1944. Keroher and Kirby (1948, p. 17)

found that the distinguishing characteristics of the chort, sand, and shale

intermixed in the older Paleozoic dolomites are largely obscured in samples

as they come from the well but may be brought out satisfactorily when they

are studied as insoluble residues. McQueen (1931) and others have shown

that, in many cases, dissolving the soluble carbonate, usually in the form

of dolomite or calcite, from a rock saaple by means of hydrochloric acid

leaves an insoluble residue that may be identified more readily than the

original sample.

All previously published work in the insoluble residues in Kansas and

the remainder of the iiiidcontinent region of North America has been restricted

to the Pre-Permian portion of the Paleozoic section. This report has been

prepared to present new data relative to the residues of the limestones, both

formations and memter, of the Council 3rove Group of the Permian System that

crop out in the area surrounding Manhattan, Kansas.

The specific purpose of this investigation is to describe as exhaustively



as possible the character and distribution of the insoluble residues of the

limestones of the Council Grove Group and to uetermine whether or not these

limestones can be fiifferentiated on the basis of their content of InsoluLle

residues. The results of the investigation indicate that the insoluble resi-

dues are diagnostic not only of the formations but also of the members within

a formation.

The study is limited to limestones of the Council Grove Group exposed

at the surface in the vicinity of lianhattan. The approach to the local study

has been the correlation within the selected area of stratigraphic units that

are litholo^ically similar, lixcept in the case of the Cottonwood limestone

member of the beattie limestone there has been no attempt made to differenti-

ate between all of the persistent zones that can be distinguished in the

several beds of limestone investigated.

Definition of Insoluble Residue

An insoluble residue may be defined as the material remaining after

rock fragments have been digested in acid (Ireland, 1950}. Hydrochloric

or muratic acid is usually used as the reagent, but acetic acid is used if

the preservation of delicate fossils or other structures is desired. Resi-

dues such as shale, gypsum, pyrite, anhydrite, limonite, glauconite, and

celestite are not siliceous) therefore, the term siliceous residues cannot

be applied to this material although the term is sometimes used. The pre-

dominant residues are quartz and various types of chert, of which chert is

the more diagnostic for purposes of stratigraphic identification and corre-

lation.



Location and Sxtent of the Area Investigated

The area investigated is located in the northeastern portion of the State

of Kansas and includes about 261 square miles (Fig. 1). It includes portions

of three counties: southwestern Pottawatomie County, northwestern Geary County,

and the greater part of southeastern Riley County.

Manhattan is the largest city in the area which might thus be properly

termed the "Manhattan Area."

Stratigraphic Units Sampled

The Council Grove Group is a division of the Permian system which com-

prises a thickness of about 320 feet of limestone and shale. The linestone

formations and members of this group were the stratigraphic units sanpled in

this study. The classification of these sampled units is that established

by the State Geological Survey of Kansas (Hoore et al., 1951). The only de-

viation from this classification wa3 made in the subdivision of the Grenola

limestone; the Sallyards limestone member is not a significant unit in the

Manhattan area and was not sampled.

The sampled units are:

Council Grove Group

FunBton limostone

Crouse limestone

Badsr limestone

Middleburg limestone member

Eies limestone member

Seattle limestone

Morrill limestone member

Cottonwood limestone member



Grenola limestone

Neva limestone member

Burr limestone member

Red Eagle limestone

Howe limestone member

Slenrock limestone member

Koraker limestone

Long Creek limestone member

Amerlous limestone member

The sequential relationship of these units is shown in Fig. 2.

Investigation Procedure

General . The procedure employed in the preparation of samples is a com-

posite of the methods developed by previous workers on insoluble residues.

..orkman (unpublished manuscript, 1950) has been one of the leading workers in

thi3 field, especially in his use of the fine insoluble residues. KcQueen

(1931) was one of the first of the recognized authorities to publish methods

of preparation, terminology, and practical application of insoluble residues

to surface and subsurface correlation and the identification of calcareous

rocks, but to date he has not published or done extensive reseat ch on the

fine residues.

Most of the work on residues in Texas, especially that done by the Re-

search Laboratory, Midland, Texas, was developed independently of that of

en and a confusion in nomenclature resulted and still exists (Vanderpool,

1950). However, in 1946 Ireland called a conference of active workers from

the Central United States which resulted in the publication of a standardized

terminology (Ireland at al., 1947). This investigation utilizes the standard-

ized terminology established by the 1946 conference.
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EXPLANATION

Fig. 2. Generoi.zec strat igrcpn.c section of ihe Council Grove Group.



Field Procedure . The collection of samples in the field was so done as

to make them truly representative of the source rock. They consisted of un-

weathered chips from outcrops and were without lichen, soil, or other extrane-

ous matter.

The samples were obtained by making a channel on the exposed surface of

the outcrop with a chisel and hammer after the weathered surface has been

removed by the same tools, ouch a channel in the Cottonwood limestone member

of the beattie limestone is shown on Plate 1, Fig. 1. The rock chips were

caught on a cloth spread at the base of the outcrop and then placed in a paper

bag which was appropriately labeled as to sau,plo number, source rock, and geo-

graphic location. I'laced in the bag with the sample was a piece of paper

which included the s« Lion as that on the bag plus a lithological de-

scription of the sampled rock.

laborston' Procedure . In the laboratory the samples were put in metal

containers which were then placed in an electric oven and heated to a tempera-

ture less than that of the kindling point of paper. The samples were baked

in this manner for two hours or more to liberate any water that might be pre-

sent in the interstices of the rock. The temperature was kept low because

white cherts, if they contain iron, may change to orange or red. Under con-

ditions of high-temperature heating, the valence of iron may be changed

(Keroher and Kirby, 1948, p. 10).

The removal of the water from the sample made easier the next step which

was that of crushing the rock to the desired size. Dehydration of the rock

made it more brittle and thereby produced less powder while it was being

crushed. The fine powder that coated the crushed fragments was thus kept to

a minimum and was an aid in obtaining a more uniform volume-weight ratio of

the measured samples before they were digested in acid.



EXPLANATION OF PLATS I

Fig. 1. Close-up of channel produced while obtaining

sample from the Cottonwood limestone member.

Bluamont Hill, Manhattan, Kansas.

. An exposure of the Cottonwooa limestone ae

ber. Stagg Hill, Manhattan, Kansas.
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Fig. 1.

Fig. 2.
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Rook fragments that will pass through a No. 4 sieve and be retained on

a No. 10 sieve approximate those that are obtained from cable-tool well sam-

ples. This range of fragment sises will give nearly uniform volumetric meas-

ures. The rock crusher was adjusted to pass rock fragments smaller than a

No. U sieve. As the crushed material came frou. the crusher, it was caught on

a No. 10 sieve, screened, and the retained fraction was kept for further study.

The crushed samples were reduced to the desired volume by the quartering

method. It was determined from preliminary investigation that a unit volume

of 10 drams of sample would be a satisfactory amount to be digested. This

volume of sample, after digestion, left enou>/h residue for the purpose of

classification.

The weight of a unit volume of a sample was then determined.

was done on an analytical talance to the closest 0.1 gram with the saj

placed upon a paper filter disk. Use of the filter disk eliminated the nec-

essity of weighing each container as the filter disks were uniform in weight.

Later they were used for weighing both coarse md fine residues.

The weighed samples were then placed in appropriately numlered pint

glass jars to be digested. The containers were next placed in a pyrex tray

which was set under a chemical laboratory hood. Approximately 125 cc of

muratic acid (commercial hydrochloric acid) diluted to half strength with

ordinary tap water was used to treat each sample. Acid was added until the

effervescence ceased, as the action of acid on limestone is quite vigorous,

the application of acid must be slow to prevent the froth from spilling out

of the glass.

When digestion was complete, time was allowed for the fine residue to

settle. The acid was then siphoned off and the container was filled with

water, agitated, and the residues again allowed to settle. The washing was
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repeated five or six times to remove all traces of acid.

The fine residues were then separated from the coarse residues by de-

canting. They were caught in a paper filter disk similar to the one used

for weighing the sample before digestion. Each filter disk was labeled with

the same number as that on the container from which the sample came. The

fine residues were kept in the filters until all excess water had drained.

They were then heated until all water had been removed. As the scales were

already adjusted to balance with a filter disk, the dried fine residues were

weighed in the filter disks that were used to catch them. Next the caked

fine residues, particles of fine silt and clay size, were pulverised to pass

through a No. IB sieve. They were then placed in labeled 2-dram vials and

the percentage of original unit volume was recorded. The procedure and equip-

ment used to aeterciine the percentage is explained more ful^y under coarse

residues on pages 11 and 12.

While the fine residues were being processed, the coarse residues were

being dried and measured. First they were transferred from the pint jars to

250 cc beakers and dried in a sand bath placed over a gas flame. The dried

coarse residues were then transferred to a filter disk and weighed in the

same manner as the original sample. They, too, were filed in labeled 2-dram

vials.

The vials of both fine and coarse residues were then placed in a wooden

block to determine the percentage of residua by volume. The block is a pioce

of 2 by 4 inch lumber about 6 inches long into which holes 3/4 inch in diam-

eter had teen drilled in such a manner that, when the vials are placed in them,

the top of the shoulders of the vials would be flush with the upper edge of

the block. The block was planed on one side to intersect the holes so that

the vials were observable. It was painted with black enamel and ten equal
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horizontal divisions ware ruled on the front face in white enamel, the ten

divisions covering the length of the vial. £ach division thus represented

10 percent by volume of the full vial but only 2 percent by volume of the

unit volume used before digestion because the unit volume was five 2-dram

vials of crushed rock.

After the percentage of coarse residue had been recorded, the residue

was poured into a small tin pan, .ainted with black enamel, trapezoidal in

shape, and measuring 3-1/2 by 2-1/4 inches, and with a depth of about one-

fourth inch. The tapered end was cut off so that the material after it was

examined could be returned to the vial.

A wide-field Fausch and Lomt stereoscopic binocular microscope with

ma ;ni!'icutions of 12.5 and 15 diameters was used for the examination of the

coarse residues

Nomenclature and Symbols

General , adoption of arbitrary symbols representing various typos of

residues obviated the necessity for detailed description during study, but

in order to publish the results of observations it was necessary to use a

number of descriptive teri.-s. Host of these have been adopted from reports by

Ireland et al., (1947), the Kansas Geological Survey (Lee, 1940, 1943), and the

Missouri theological Survey and hater Resources (Grohskopf and KcCracken, 1949)*

Nomenclature . The descriptive terms in this report are defined as follows:

Anhedral: No crystal form developed.

Reekitei Botryoidal, subspherical, or discoidal accretions of opaque

silica replacing organic matter, generally white. In this investigation beekite

has i.een modified to include ostrucod, molluscan, molluscoidean and ec linoderm

remains replaced by silica,

Chalcedonic: Transparent to translucent) smoky; milkyj waxy to greasyj
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may be any color, generally buff or blue-gray; may be finely mottled.

Chalky: Uneven or rough fracture surface; commonly dull or earthy;

soft to hard; ma. be finely poroua; essentially uniform composition; resem-

bles chalk or tripolite. (Formerly referred to as "dead" or "cotton chert".

This includes dull, un^lazed porcellaneous material which grades into the

glazed porcellaneous appearance of smooth chert. )

Chert: Cryptocrystalline varieties of quartz, regardless of color;

composed mainly of petrographically microscopic fibers of chalcedony and/or

quartz particles whose outlines range from easily resolvable to nonresolv-

able with binocular microscope at magnifications ordinarily used by geologists.

Particles rarely exceed 0.5 mm in diameter.

Clay: Fine material of clay size.

Euhedral: Double terminated crystals; unattached.

Gilsonite: a black lustrous kind of asphalt; the mineral uintaite.

Granular: Chert; compact, homogeneous; composed of distinguishable

grains, granules, or druses of relatively uniform size; uneven or rough frac-

ture surface; dull to glimmering luster; hard to soft; may appear saccha-

roidal. (This type is frequently referred to as "crystalline".)

Granulated: Grains or granules partly cemented or loosely aggregated;

saccharoidal; grades from angular to drusy; fine to coarse; particles rarely

larger than 0.5 mm in diameter.

Massive: Used to include fine or coarse granular anhydrite or gypsum.

Mottled: Residue fregments with two or more colors or different mat-

erials interspersed and irregularly shaped and with boundaries either sharp

or gradational; often appears flocculated; grades into speckled residue.

Ordinary: Smooth chert with oven fracture surface; all colors, chiefly

white, gray, or brown; may be mottled; approaches opaque; generally homogeneous,



but may have slight evidence of granularity or crystallinity; grades into

chaloedonic or granular chert.

Quartzi Clear, colorless quartz; not detrital.

Rounded: Spheroidal or ellipsoidal sand grains, coarse to fine; maj be

poliohed, frosted, or etched.

Sand: Grains of sand size, chiofly quartz, but may be composed entirely

or partly of other minerals.

Silt: Grains of silt size, chiefly quartz, but may be composed entirely

or partly of other minerals.

Smooth: Kajor type of chert with conchoidal to even fracture; surface

devoid of roughness j may be botryoidal; homogeneous; no distinctive structure,

crystallinity, or granularity.

Spongy: Texture that applies to aggregates of quartz, chert, silt, or

clay in insoluble residues from which the soluble matrix has been removed and

in which the individual openings are submicroscopic.

Subhedral: Crystal forms partly developed; may be loose, drusy, or gran-

ulated .

Subrounded; Polygonal grains or fragments but with well rounded edges

and corners.

Tubular Silica: Small, highly contorted tubular forms of fragile silica

(Schoewe, Keroher, and Keroher, 1937, p. 27A). This is considered the residue

termed "siliceous 'worm casts'" by Grohskopf and UcCracken (19A9, p. 15 and 23)

because organic origin is implied in both references. In this investigation,

however, it has been modified and is considered only as another type of coarse

residue closely associated with the chert.

Unmodified: Residue uniform with no modifying characteristics.

Sample Mumber Symbols . The sample number symbols used in this report are



a3 follows:

Ago of sampled rock:

P Permian System

Limestone format ions and members sampled:

f » Funston limestone

c « Crouse limestone

ham = Middleburg limestone member of the Bader limestone

bae - iAss limestone member of the Bader limestone

bem » Korrill limestone member of the Beattie limestone

bee » Cottonwood limestone member of the Beattie limestone

gn Neva limestone member of the Grenola limestone

gb » Burr limostone member of the Grenola limestone

rh = Howe limestone member of the Red Eagle limestone

rg « Glenrock limestone member of the Red Eagle limestone

fl Long Creek limestone member of the Foraker limestone

fa = Amerious limestone member of the Foraker limestone

"Zones" of the Cottonwood limestone member of the Beattie limestone:

A - Uppermost zone

B a Zone between A and C

C » Zone between B and D

D « Bottom-most zone

Sample sequence:

1 through 15 inclusive order of samples as collected in field

Counties

:

C = Geary

P - Pottawatomie

R Riley
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The sample numbered Pgn-3-R would thus be the third sample collected

from the Neva limestone member i3f the Grenola limestone of the Permian system

in Riley County, Kansas.

The sample numbered C-12-G would be the twelfth sample collected from the

"C" zone of the Cottonwood limestone member of the beattie limestone in Geary

County, Kansas.

Fine Residue Color Symbols , The color of the fine residues was obtained

by comparing them with examples of the i Rock Color Chart. This chart was pre-

pared in 1948 by the Rock-Color Chart Committee of the National Research

Council and is now distributed by the Ceolof;ical Society of America.

The following color symbols, and their equivalent colors, are used in

this study:

Symbol Color

5 Y 4/1 Olive gray

5 T 6/1 iij;ht olive gray

5 Y 6/4 Dusky yellow

5 Y 7/1 Yellowish olive gray

5 Y 7/2 Yellowish gray

5 Y 8/1 Yellowish gray

5 YR 4/1 Brownish gray

5 YR 6/1 Lijht brownish gray

5 YR 6/4 ii^ht brown

5 YR 7/2 Grayish orange pink

10 YR 5/4 Moderate yellowish brown

10 YR 6/2 Pale yellowish brown

10 YR 6/6 Dark yellowish orange

10 YR 7/4 Grayish orange
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Coarse Residue ayi&bols and Colorsi. The following symbols and colors

the coarse residues:were used in this report to represent

Symbol Coarse Residue

Chert

53 Chalky

cs Granular

C53 Mottled

rsn Nodular

ES Oolitic

B Smooth

[=3 Spongy

CD Beekite

Tubular silica

Quart!

CD Subhedral

E^ Anhedral

1 1 Celestite

1 l ii'JJSUJ,,

n Qluuconite

CO Limonite

EZI Jiagnetite

CD Arenaceous material

Argillaceous material

Cd Clay (massive to pellets)

E=] Clay (spongy)

It should be notod that tubular silica and beekite have teen given the

same color assigned to chert, Crushed fra.^.enls of these materials possess



the optical properties of chert and thus are considered a variety of it. The

coarse residue constituent symbol that accompanies the residue color is not

shown on the circlegrams because of the difficulty of reproducing them; how-

ever, they are employed in the bar graphs.

DESCRIPTION OF INSOLUBLE RESIDUES

Introduction

It is the purpose of this part of the report to present and describe the

characteristic and diagnostic insoluble residue assemblages of the limestones

of the Council Grove Group and to evaluate them as a basis for the correlation

of these limestones in the Manhattan Area.

Punston Limestone

Description of the Solvation. The Funston limestone consists of two or

more beds of limestone separated by shale partings in the lower or middle

part. The limestones are soft, sandy appearing, massive, and weather blocky

to platy and porous. They are tan to gray brown and weather tan but a veneer

of maroon stain usually conceals the surface of the upper layer of limestone.

Calcareous nodules are sometimes present in this unit in the southern part

of its outcrop area. No fossils were observed in this formation in the field.

The average thickness of the Funston limestone is about 8 feet, and it forms

a well-developed hillside bench.

(Note: This and the following descriptions are adapted from those pre-

sented in a thesis by U. R. liudge on file in the Library of Kansas State

College. The descriptions by Uudge have been amplified by the author's ob-

servations.)



The stratigraphic relationship of the Funston limestone to other units

of the Council Grove Group is shown in Fig. 2.

Register of Sampled Localities . Outcrops of the Funston limestone suit-

able for sampling were found at the five following locations:

Sample Type of
Number Outcrop Legal Description

Pf-l-R Hillside SB£im£ sec. 32, T. 10 S., R. 8 E.
(Riley County, Kans.)

Pf-2-R Road Cut NEiN^j soc. 33, T. 10 S., R. 8 I.
(Riley County, Kans.)

Pf-3-R Road cut SSjNEi sec. 7, T. 11 3., R. 8 E.
(Riley County, Kans.)

Pf-4-R Road cut KB| sec. 10, T. 10 3., R. 7 B.
(Riley County, Kans.)

Pf-5-H Road cut SWiSUfi sec. 9, T. 9 5., R. 7 1,
(Riley County, Kans.)

Description of the Insoluble Residues . The clay and fine silt obtained

from the Funston limestone as fine residues are yellowish-gray in the south-

eastern part of the area investigated, but change to grayish-orange in the

northwestern and central sections. The average percentage of sample by

weight of fine residue is 3.5 but the percentage of sample by volume is 7.6

(Figs. 3a and 3b).

Chert, in the form of light-gray tubular silica, is the major coarse

residue constituent in all samples; all of them show not less than 95 per-

cent by volume (Fig. 3). ffhita) ohalkV) „odul£ir cnert iippeara ^ only one

sample, Pf-4-R. A strong trace of silicified valves of the ostracod Cavellina

was found in sample Pf-l-R (Fig. 3c). Ceiestite and gypsum are present as

minor traces in samples Pf-2-R, Pf-4-R, and Pf-5-R. The coarse residue con-

stitutes an average of 1.3 percent by weight but 3.7 percent by volume of

sample (Fi,;s. 3a and 3b).
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Stratiftraphlc Correlation by_ the Use of Insoluble Kesiduea. Correlation

of the Funston limestone baaed upon insoluble residues is believed to be pos-

sible. The residue assemblage shows a persistently high percentage of tubular

silica which is characteristic of the Funston (Fig. 3). The relative strati-

graphic sequence and difference in diagnostic residues found in the underlying

Crouse limestone readily identify this formation.

Crouse Limestone

Description of the Formation . The upper part of the Crouse limestone

consists of thin-bedded limestones separated by numerous thin partings of

shale whereas the lower part is massive, granular, and has a sandy appearance

throughout. The limestones are hard, dense, weather tlocky to platy and are

gray and brown but weather tan to gray. Fossil fragments are common, but

well preserved specimens are almost lacking. The average thickness of the

Crouse limestone is about 8 feet and two hillside benches are usually fornjed

by this limestone in the southeastern part of Riley County.

The stratigraphic relationship of the Crouse limestone to the other

units of the Council •irove Group is shown in Fig. 2.

Register of Sampled Localities . Outcrops of the Crouse lines tone were

sampled at the five following locations!

Sample Type of
Number Outcrop Legal Description

Pc-l-R Hillside SfiiNWi sec. 32, T. 10 S., R. 8 E.
(Hiley County, Kans.)

Pc-2-S Road cut HWilffii sec. 33, T. 10 S., R. 8 E.
(Riley County, Kans.)

Pc-3-R Road cut SJiiNiS), sec. 7, T. 11 S., R. 8 K.
(Riley County, Kans.;

Pc-4-R Road cut NKJIE.', sec. 10, T. 10 5., R. 7 E.
(Riley County, Kans.;
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Sample type of

Number Outcrop Legal Description

Pc-5-H Stream bank SWisili sec. 9, T. 9 S., R. 7 E.
(Riley County, Kans.)

Description of the Insoluble Residues . The fine residue obtained fron.

the Crouse limestone ranges from pale yellowish-brown in the northwestern

and central parts of the area to yellowish-gray which predominates throughout

the southeastern section. The average sample of Crouse limestone produces

5.6 percent by weight and 10.8 percent by volume of fine residue (Figs. 4a

and tb).

Limonite replacing fragments of bryozoans and brachiopods are associated

with crystalline sphalerite is the predominant coarse residue in all samples

(Fig. 4c). The amount of limonite ranges from about 90 percent in the north-

west to approximately 75 percent by volume in the southeastern part of the

area (Fig. 4). Fine, loose, unmodified and subhedral quartz is a common resi-

due constituent and composes approximately 10 percent of an average sample.

Tubular silica is present in all samples but ranges from a strong trace in

the northwest to about 10 percent of sample in the southeast (Fig. hj. 8«ne

of these "worm casts" are stainod by limonite. Fine, granular gray chert

containinc; molluscoidean fragments is a minor constituent of the coarse resi-

dues from this stone. Traces of selecitic gypsum and zircon were found in

nearly all samples. The coarse residues constitute an average of 3.2 percent

by weight and 0.1 percent by volume of sample (Figs. 4a and 4b).

Stratlixaphlc Correlation £y_ the Use of insoluble Ueslduea. Fossiliferous

limonite associated with sphalerite is the diagnostic residue of the Crouse

limestone (Fls. 4c). The relatively low percentage of fine, loose, subhedral

quartz associated with the persistently high percentage of limonite makes

stratigraphic correlation comparatively simple as the umerltfing Jiiddleburg
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limestone member of the bader limestone produces residues with a large amount

of luartz and chert and the overlying Funston limestone gives residues com-

posed almost entirely of tubular silica (Figs. 5c and 3c).

Middleburg Limestone Member of the bader Limestone

Description of the Member . The Uiddleburg limestone member consists of

two limestones which are usually separated b,» a dark-gray or black shale which

is silty, calcareous, and thin bedded. The limestones are massive, hard,

dense, and some..hat crystalline. They are rray to olive drab and usually

weather light gray, but in most exposures the weathered surface is covered

with light-maroon stains. Pelecypods, brachiopods, and crinoid columnals

were found in the basal limestone layer while algae occur locally in the upper

bed. The average thickness of this member is about U feet and, although it

seldom crops out conspicuously, it forms an identifiable small bench between

the Crouse and Eiss limestones on some hillsides.

The stratigraphic relationship of the Middleburg limestone member with

the other units of the Council throve Group is shown in Fig. 2.

Register of Sampled Localities . Five outcrops of the Uiddleburg lime-

stone member were sampled at the following locations!

Sample
Number

Pbam-l-R

Pbam-3-R

- i-

Pbam-5-R

Type of
Outcrop

Hillside

Road cut

Road cut

Road cut

Stream bank

Legal Inscription

SEiNWi sec. 32, T. 10 S., R. 8 I.
(Riley County, Kans.)

NWiNfii sec. 33, T. 10 3., R. 8 E.
(Riley County, Kane.;

SWiSEi sec. 5, T. 10 3., R. 7 E.
(Riley County, Kans.)

SEiNEi sec. 7, T., 11 S., R. 8 E.
(Riley County, Kans.)

NWiNSi sec. 16, T., 9 3., R. 7 E.
(Riley County, Kans.)
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Description of the Insoluble Residues . The olay and fine silt residues

obtained from the Middleburg limestone member display a color change from a

light olive-gray (Pbam-2-R) through pale yellowish brown (Pbam-1-R) to yellow-

ish gray (Pbam-A-8). This variation occurs in the southeastern portion of

the area and has a south-westerly trend, samples Pbam-l-R, Pbam-3-H, and

Pbam-5-R trend northwesterly and are all pale yellowish-brown. This color

arrangement of the samples is probably due to a common source of clastic

materials, i.e., a shore line that had a northwesterly trend. This inter-

pretation is borne out by the color distribution in the southeastern portion

of the area as the light-gray sediments, which are composed of heavier min-

erals, would be deposited closer to the shore. The average sample of Middle-

burg produced 6.6 percent by weight and 12.2 percent ly volume of fine resi-

due (Figs. 5a and 5b).

Fine unmodified, loose to aggregated, aubhedral quartss grains are a

prominent coarse residue constituent in all samples (Fie. 5c). beekite, as

defined in this report, is the most diagnostic residue of the tiddleburg and

is composed of abundant ostracods of the genus Hollinella and some of the

genus Cavelllna (Figs. 5c). Foraminifers, similar to the genus Uentalina ,

were also found. Spongy clay showing limonitic stain composes more than 10

percent by volume of sample Pbam-3-H and lesser amounts are evident in sam-

ples Pbam-2-R and Pbam-5-H (Fig. 5>. Traces of tubular silica were found

in all samples and a trace of gilsonite was found in sample t'bum-l-R. The

coarse residue constitutes an average of 0.3 percent by weight and 0.9 per-

cent by volume of the samples (Figs. 5a and 5b).

^tratigraphic Correlation by the Use of Insolu! le Residues . Deekite,

composed mainly of ostracods, and the relatively high psreentage of quarts

are diagnostic coarse residues of the Kiddleburg limeatone member in the



H 6 E 1 R7E 1 R8E
V

V
T
8
S

s

1

a POTTAWATOMIE

T

9

S

39°

15'

T

10

S

T

II

S

\
\

5^1
\J.

i

I.

RILEY G-\
\

_

3
Vm ^

N
FO RT RILEY ID r ^' •

MILITARY

RESERVATION

J

.S*'*

i.

I

N

r

G
~*l

2

C

V
1

(')

i

1 GEARY
' '

i

R 6E |

1

R 7 E |12 3 4 5

R 8 E

miles

Kig. 5. Map of sampled sites with circlegraaa ehowing the basic coarse
residue constituents of the Middleburg liaestone Beaber of the
Bader liaestone.



33

CM CM CM
t< ^ -H *s. OJ ^. 1

u « vO *> >o \ sO
° -5 ~o c*- 1

-31
o S

fi >H B H s
q ia o ir» J 1^ rK H

•
• 1 o O Q O CM

---

XH
O
>

cm
13

• <A a
fi

-1 cm -* trs ."v O- *o

-4 t> t» ^ O ^J

s
•a

1

~J 3
•H .c 3 ©

Jff
t> sO

"J
ia sO } £

» 5 d in -* ^t <* -* 4»
i

e o "A O LA IA o >H

H r4 H O o O k
P> T3

+>

3

«"S CM <A ca CM CA tA
3)H

9
d d d o O jC

i >

!-

x 3
H CM CM -1 CM Al

O
Li

•d k d d J d O O V
a) ts£ Ji

IO J —

»

a. m 3
-t ca o c- CO H

o
a ho

•& !> d (> ON O cA UN -o IA IA IA
s
a

M i5
M M w 1 1CO CO
c- CO c- I

H
3*

«'
. »

• a. „
** 03 03

| 5
d§ 01 7 y J

•
•j> 05 co •oo *> o |

•3

C
o ^3 3 H o.g

1

H
•H E-» © 5-"' 4J • -P • *J tl J3

1 CO
4l
01 .8 ^8

I 5
<M m c\ d" I

3 C^T3

• O
IA T3

.3 .1
1

o
O X O 02 O 03 o 03 O CO

IB i i I <4a M w CO d

as 1 j

1

1

| H
to B CO

M
CO I 1

a,

1
a 03 Of 03 03

O h i i

CM A i
*f

V

Aij
t

I
1

2

11 3 l 3 J >
Cu cu E cu Cu i •HX





35

1" 1
a

o
•

o
H

UN

o O o
Q

. O

H

>
1o
•H
CO

s

1

o
o

"3

1
$
c

E

I

1
•rt
•p
CO

g

-

r
_2

:

—

H

o
" UN

"CM

O

5 fe

P.
!

1

P. p.

5

i
p.

1

1

xt.

>



36

area investigated as shown by the circlegran.s in Fig. 5. Positive strati-

graphic correlation would be possible by using these residues, but the limo-

nitic residues of the overlying Crouse limestone and the tubular silica of

the underlying Kiss limestone member would be of aid, also, in logging well

samples.

liiss Limestone Member of the Dader .Limestone

Description of the Member . Th« Kiss limestone member usually consists

of two or more limestones separated by shale partings. The limestones are

hard and massive but weather blocky or porous, and are gray to tan gray.

The intervening shales are thin bedded, clayey to silty, calcareous, and

usually tan or tan gray. Pelecypods, brachiopods, echinoid spines, and cri-

noid columnals are the fossils common in the limestone layers. The average

thickness of this member is about 5 feet and it forms a prou-inent hillside

bench, which is usually covered with weathered, porous, square blocks, about

30 feet above the Cottonwood limestone member of the Beattie limestone.

The stratigraphic relationship of the iiius limestone member with the

other units of the Council Grove Group is shown in fig. 2.

Register of Sampled Localities . Outcrops of the Eiss limestone member

were sampled at the following five locations:

Sample
Number

Pbae-l-R

Pbae-2-R

Pbae-3-H

Pbae-t-R

Type of
Outcrop

Hillside

Road cut

Road cut

Road cut

Legal description

SKiNW,1, sec. 32, T. 10 3., R. 8 JS.

(Rlloy County, Kans.J

NK/iNEi sec. 34, T. 10 S., R. 8 I,
(Riley County, Kane.)

sec. 5, T. 10 S., it. 7 E.
(Riley County, Kans.J

S&iS&i S8C. 7, T. 11 S., R. 8 E.
(Riley County, Kans.J



Sample type of
Number Outcrop Legal "ascription

Pbae-5-R Stream bank NIfiNEi sec. 16, T. 9 S., H. 7 E.
(Riley County, Kans.)

inscription of the Insoluble Residues. The Kiss limestone member pro-

duces a fine residue which is predominantly yellowish-gray j only in sample

Pbae-l-a does the color change to light brown (Fig. 6a). The average per-

centage of sample by weight of fine residue is 3.1 but the percentage of

sample by volume is 10.9 (Figs. 6a and 6b).

Tubular silica is the predominant coarse residue constituent in all

samples but ''bae-l-R (Fig. 6c). These "worm casts" appeared as loosely ag-

gregated nasses of li-;ht-gray color, beekite, in the form of spongy to mot-

tled ostracods, and bryozoan and brachiopod fragments, is also an important

residue; it is found in all samples and averages 30 percent by volume (Fig.

6c;. ited to white celestite was found in the three western-most samples but

is an important constituent only in sample Pbae-4-R (Fi,% 6c;. Zircon, gil-

sonite and limonite were found as minor traces in the south-eastern samples

(Fig. 6). The coarse residues constitute an average of 0.5 percent by weight

and 1.6 percent by volume of the samples (Figs. 6a and 6b).

Stratiflraphlc Correlation b^ the Use of Insoluble Residues . Areal cor-

relation of the Eiss limestone member would be doubtful if based solely upon

the residues obtained from it inasmuch as the ratio of tubular silica to

beekite is not constant enough to make positive identification (Fig. 6).

These same residues occur in other limestones of this group. However, in

logging well samples identification could be made by comparing the residues

from the overlying and underlying limestone members with those of the Kiss

if the position in the stratigraphic column of each limestone member is con-

sidered. As has been mentioned, the overlying Middleburg limestone member
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contains ostracod beekite plus abundant loose quartz grains as the diagnostic

residues (Fig. 5). The underlying Lorrill limestone member of the beattie

Limestone has nearly all red celestite or yellowish-brown to yellowish-

orange tubular silica as the predominating residues (Fig. 7). It is believed

that only by this sequence association can accurate correlation be accomplish-

ed when using only residues. The residues that are characteristic of the

Eiss are ulso prominent in the Neva lima stone member of the ^renola Limestone

(Fig. 9c).

Morrill Limestone Member of the beattie Limestone

description of the Vember . The Morrill limestone member is slightly

argillaceous, varies greatly in hardness, and is brownish to gray orange but

weathers tan. The limestone is massive in a fresh exposuro but becomes

quite porous and irregular when weathered. There were no fossils observed

in this member but celestite fragments were abundant in several exposures.

Its average thickness is about 2 feet.

The stratifjraphic relationship of the Morrill limestone member with the

other units of the Council Orove Group is shonn in Fig. 2.

Register of Sampled Localities . Samples were collected from the Morrill

limestone member at the five following locations:

Sample
Number

Pbein-1-R

Pbem-4-R

Type of
Outcrop

Hillside

Road cut

Road cut

Road cut

Legal Description

SEiNWi see. 32, T. 10 S., R. 8 K.
(Riley County, Kans.)

NfiiSKi sec. 34, T. 10 S., R. 8 S.
(Riley County, Kans.;

NEiMlvi sec. 26, T. 10 S., R. 7 £.
(Riley County, Kans.

J

SEiSEi sec. 29, T. 10 8., R. 8 E.
(Riley County, Kans.)
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Sample Type of
Number Outcrop Legal inscription

Pbem-5-R Quarry SttjNB,1

, sec. 10, T. 9 S., R. 7 E.
(Riley County, Kans.)

Description of the Insoluble Residues . The clay and fine silt obtained

as fine residues from the torrill limestone metier display little continuity

of color for each sample color is different (Fig. 7a). Gray is the predom-

inating color in the south-east portion of the area while various shades of

orange and brown are the colors found in the central and northern parts of

the area (Fig. 7). This irregular color distribution is thought to be due

to the relative thinness of the parent rock. The underlying Florena shale

ceraber of the beattie limestone is a thin shale when compared with others of

the Council Grove Group. The Stearns shale, which overlies the Uorrill, is

much thicker than the Florena and toward the south, in Lyon and Morris Counties

the Stearns locally contains a thin coal bed; thus displaying an interval of

environmental instability during the time of deposition of this portion of

the Council Grove Group. The lack of uniformity in deposition during this

time is illustrated in the Uorrill by its local variations in color, thick-

ness, and lithology. The average percentage of sa.i.ple by weight of fine resi-

due is 5.7 whereas the percentage of sample by volume is 10.2 (Figs. 7a and

7b).

Crystalline to amorphous, white to red celestite comprises 80 percent

or more of the coarse residue constituent of samples Pbem-2-li, Pbem-3-H and

Pbenr-5-R (Fig. 7c). The celestite found in the Long Creek limestone member

of the Foraker limestone could not be distinguished from that of the Jiorrill.

Chert, in the form of aggregated tubular silica, composes 85 percent or more

of the coarse residues from samples Pbem-l-R and tt>em-A-H (Fig. 7c). Only

in sample l
Jbem-l-R is there any fine spongy chert. Strong traces of massive
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gypsum and limonite were found in all samples. The presence of limonite may

account for the predominating orange and brown colors of the fine residues,

Zircon and gilsonite are minor constituents of saiiple Pbem-4-R. The coarse

residues constitute an average of 1.7 percent by weight and 2.7 percent by

volume of sample (Figs. 7a and 7b).

Stratlgraphic Correlation by_ the Use of Insoluble Residues. Correlation

of the Morrill limestone member on the basis of residues obtained from it

would be inaccurate. Positive -ecognition of the Morrill would be possible

if it is taken into consideration that it is the only limestone above the

Cottonwood limestone member of the Beattie limestone that has either a high

concentration of celestite or "worm easts" associated with strong traces of

massive gypsum and limonite but totally lacking the beekite which is found

in the Bi3s limestone member (Figs. 6c and 7). Reference is made to the

Cottonwood because it is without a doubt the best "key horizon" or "marker"

limestone within the Council drove Group. It contains a characteristic coarse

residue found in no other limestone of this group (Fig. 8c).

Cottonwood Limestone Member of the Beattie Limestone

Description of the Member . The Cottonwood limestone member is a single

massive layer with an argillaceous zone in its basal part. In most exposures

this limestone weathers into four moro or less distinct ledges. Two to four

relatively thin lenses of chert nodules are usually present in the massive

part of the LLnsstone, particularly In the "B" and "C" zones. The limestone

is gray and weathers tan gray. Fusulinids, such as Pseudofusulina emaclata .

are abundant chiefly in the upper part of this aemfcer, and occasionaly solu-

tion channels are present. Brachiopods, bryozoans, echinoid spines, and

crinoid columnals are other fossils observed in the Cottonwood.
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The average thickness of this limestone 13 about 6 feet una the massive

beds form the most prominent hillside bench in the area investigated. Its

position on a hillside is usually marked by a heavy growth of bushes at the

base of the limestone. The growth of brush, at its contact with the under-

lying Eakridge shale, is the result of the movement of subsurface water along

fractures and lithologic contact planes.

The Cottonwood may be easily recognized in the field by its thickness,

massiveness, chert nodules, fusulinid3, and the associated "brush line."

The stratigraphic relationship of the Cottonwood limestone member with

the other units of the Council urove Group is shown in I'lg. 2.

Register of Sampled -localities . Outcrops of the Cottonwood limestone

member were sampled at the five following locations:

Sample
Number

Pbec-l-R

Fbec-2-R

Fbec-3-R

Tbec-4-G

Pbec-5-P

Type of
Outcrop

Hillside

Hillside

Road cut

Hillside

Hillside

Legal Description

SEitWi sec. 32, T. 10 S., *, 8 B.
(Riley County, Kans.)

NWjSK{ sec. 7, T. 10 S., H. 8 E.
(Riley County, Kans.)

SEi'.Sfii eec. 8, T. 10 i., R. 7 g.
(Riley County, Kans.)

mismi sec. 27, t. 11 s., r. 7 1.
(Geary County, Kans.)

SliiNEi sec. 34, T. 8 S., R. 7 B.
(Pottawatomie County, Kans.)

Description of the Insoluble Residues . The Cottonwood limestone member

produces a fine residue that ranges from light olive gray to yellowish-gray

from east to west within the area (Fig. 8a). If the theory advanced in the

discussion of the Middleburg limestone member of the Bader Limestone is

applied, the clastic arterial source was east of the sampled locations (Kig.

8). The average percentage of sample by weight of fine residue is 7.6 and
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the percentage of sample by volume is 13.5 (Figs. 8a and 8b).

Spongy, chalky chert ranging in color from white to pale cream and con-

taining abundant fusulinids ( Pesudofusulina emaciata ) is the predominant

and diagnostic coarse residue of the Cottonwood limestone meeker (Fig. 8c).

Although other limestones of the Council iirove Group contain fusulinids,

only those of the Cottonwood are found in siliceous nodules. Chert, in the

form of silicifisd fossil fragments of bryozoans, brachiopods, and echino-

derms, makes a white chalky beekite that is a prominent residue of this lime-

stone and is found in all samples observed (Fig. 8c). White, chalky, con-

centric oolitic chert containing fragments of bryoaoans, brachiopods, and

echinoderms is an important constituent in sample Pbec-l-R (Pig. 8). Smooth,

chalcedonic, translucent chert, which ranges from white to pale pink and

light gray, is a minor constituent in samples Pbec-3-H and Pboc-5-P but strong

traces of it were found in all other samples (Fig. 8c). tubular silica was

observed in all samples and averages from 10 percent in the east to a trace

in the west (Fig. 8). A trace of glauconite was found in sample PLec-3-R

while a small amount of red, silty material was present in sample Pbec-4-G.

The coarse residue constitutes an average of 4.7 percent by weight and 6.4

percent by volume of original sample (Figs. 8a and 8b).

Stratif.raphic Correlation b± the Use of Insoluble ilesidues . Positive

identification of the Cottonwood limestone member can be made through the

use of the insoluble residues it contains. The spongy, chalky chert contain-

ing fusulinids is the characteristic residue that is easily identified as

belonging to the Cottonwood and makes it the best "marker" limestone in this

group of formations.



Neva Limestone Member of the urenola Limestone

M

description of the Member . The Neva Limestone /neaber usually is com-

posed of thick limestone interrupted by a shale bed approximately 3 feet

thick near tho base, but in some exposures other thin shales may occur in

the middle and upper parts. In the upper part of this unit, the limestones

are quite hard but become soft and honeycombed in the loner part. The in-

terbedded shales are gray to dark gray. Echinold spines are abundant in

some zones and crinoid columnals, fusulinids, and brachiopods are other fos-

sils commonly found in this member. Lin/rula and Orbiculoldea are the brachi-

opods present in the intervening shales. The average thickness of this mem-

ber is about 16 feet, and the harder layers in the upper part form a promin-

ent hillside bench.

Th« stratigraphic relationship of the Neva limestone member with the

other units of the Council Grove Group is shown in Fig. 2.

Register of Sam. I J Localities . Samples ..ere collected from exposures

of the Neva linestone member at the five following locations:

Sample
Number

Pgn-l-R

Pgn-2-R

Pgn-3-R

Pgn-4-R

Pgn-5-R

Type of
Outcrop

Stream bank

Road cut

Road cut

Road cut

Road cut

Legal Description

3E,;NEi sec. 32, T. 10 a., R. 8 fi.

(Riley County, Kans.)

NfiiSEi sec. 7, T. 10 S., tt. 8 B.
(Riley County, Kans.)

sec. 7, T. 11 S., R. 8 E.
(Riley County, Kans.;

SEiSWi sec. 10, T. K) S., R. 7 E.
(Riley County, Kans.)

NWiSKi sec. 10, T. 9 S., R. 7 E.
(Riley County, Kans.)

description of the insoluble Residues . The fine residues found in the

Neva limestone member display a color range from light olive gray (Pgn-l-R)
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through yellowish gray (Pgn-2-R) to grayish orange pink (Pgn-3-fl, Pe;n-4-R

and Pgn-5-R) (Fig. 9). This agrees in part, at least, with the color dis-

tribution of the fine residues of the Cottonwood limestone and it is thought

that this distribution is also related to distance of deposition from the

shore-line. The average percentage of sample by weight of fine residue is

3.1 but the percentage of sample by volume is 9.8 (Figs. 9a and 9b).

Light-gray tubular silica, similar to that observed in the Funaton lime-

stone and the Siss limestone memler is the predoniin itin,- coarse residue of

the Neva (fi.T 9c). White to light sjray beekite composed of bryosoan, brachi-

opod and echinoderm fragments is also a common constituent (Fig. 9c). Minor

traces of limonite, celestite, and massive, unmodified argillaceous material

were found. The coarse residue constitutes an average of O.i, percent by

weijht but 1.6 percent by volume of the original samples (Figs. 9a and 9b).

Stratlgruphlc Correlation b£ the Use of Insoluble Residues . The major

constituents, tubular silica and beekite, are the same as those of the Bias

limestone member, but the ratio between the two is greater and more consis-

tent. However, the ratio of tubular silica to beekite (9sl) would be a

poor aid in the correlation of this limestone if used alone (Fig. 9). This

particular limestone illustrates why correlations should be based on the

strati.fraphic sequence, as well as the residue assemblages.

Burr Limestone Member of the Grenola Limestone

Description of the Member . The limestone of the Burr member is inter-

rupted by a shale parting. The upper bed of limestone is finely granular

to laminated, relatively soft, and about 4.5 feet thick. The lower lime-

stone is hard, dense, massive, and is about 2 feet thick. The limestone is
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usually tan gray and weathers tan. The shale parting is clayey, usually cal-

careous, gray to dark gray, and thin bedded. Echinoid spines, brachiopods,

pelecypods, crinoid columnals, and micro-fossils were the fossils found in

the limestone layers. The total thickness of the burr is about 8 feet.

The stratigraphic relationship of the burr limestone member with the

other units of the Council Grove Group is shown in Pig. 2.

Register of Sampled Localities . Exposures of the burr limestone member

suitable for sampling were found at the five following locations:

Sample Type of

Number Outcrop Legal description

Pgb-l-R Road cut 'Oil sec. 24, T. 10 S., R. 8 E.

(Riley County, Kans.)

Pgb-2-8 Road cut Ji', sec. 7, T. 10 S., R. 8 E.

(Riley County, Kans.;

Pgb-3-P Road cut SWiSWi sec. 33, T. 9 3., tt
. 8 E.

(Pottawatomie County, Kans.)

Pgb-4-R Road cut 1 U£ sec. 7, T. 11 S., R. 8

(Riley County, Kans.)

Pgb-5-R Stream bank NEiSiYi sec. 10, T. 9 S., R. 7 E.

(Riley County, Kans.)

Description of the Insoluble Residues . The burr limestone member pro-

duces fine residues that range from light olive gray (samples Fgb-2-R, Pgb-

3-P and Pgb-4-R) to yellowish gray (samples Pgb-l-R and Pgb-5-R). The yel-

lowish gray color is probably due to limonitic stains because in samples

Pgb-l-R and Pgb-5-R there is about 5 percent of limonite present. The aver-

age percentage of fine residue by weight of sample is 8.8 but the percentage

of fine residue by volume is 14.7 (Figs. 10a and 10b).

Lit;ht-gray tubular silica, 75 percent or more, is present in all samples

(Fig. iOc). Fine-granular, mottled, tan chert and white concentric oolites

are minor but important constituents of the coarse residues of each sample
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(Fig. 10c). There is approximately 5 percent spongy limonite in samples Pgb-

1-n and Pgb-5-R and strong traces of it in all other samples (Fig. 10). All

samples also contain traces of loose anhedral to rourticd, frosted, -uarti

grains. The coarse residues constitute an average of 0.3 percent by weight

and 1.0 percent by volume of sample (Figs. 10a and 10b).

Stratigraphic Correlation b^_ the Use of Insoluble Residues . *11 of the

residues of the Lurr must De considered when used as an aid to stratigraphic

correlation. Sxcapt for the spongy limonite, the burr limestone member resi-

dues are duplicated by those of the Glenrock limestone member of the Red

Limestone; however, not all samples of the Jlenrock show traces of

rounded, frosted, uartss grains (Figs. 10c and 12c). It is the small quan-

tity of spongy limonite that identifies the burr and should be considered

as its most diagnostic residue. Correlation of the burr limestone through

the use of residues is possible but not infallible unless the sequence of

residue assemblages is considered.

Howe Limestone Member of the Red Eagle Limestone

Description of the Member . The Howe member is a tan to brown, massive,

soft to hard limestone which weathers rotten and poroue. Locally it appears

to be sandy. It is heavily stained with limonite and, in most exposures,

it usually has been stained by the maroon shales that overlie it. Ostracods

and brachiopods are cannon fossils in some zones of this limestone. Its

average thickness is about U.2 feet.

The stratigraphic relationship of the Howe limestone member to the other

units of the Council Grove Group is shown in Fig. 2.

Ulster of Sampled Localities . ricpo3ures of the Howe limestone member

were sampled at the five following locations:
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Number

Prh-l-R

Prh-2-R

Prh-3-P

Prh-4-H

Prh-5-R

Type of
Outcrop

Ilillaide

Road cut

Road cut

3tr«aa bank

Legal Description

NEiNWj sec. 20, T. 10 S., a. 8 K.

(Riley County, Kans.)

HSiSBi sec. 7, T. 10 s., R. 8 E.

(Riley County, Kans.)

SWiSA'i sec. 33, T. 9 S., R. 8 E.
(Pottawatomie County, Kans.)

ml,lt,,',, sec, 2, T. 11 S., 8. 8 E.

(Riley County, Kans.)

SE£NWj sec. 12, T. 11 S., R. 7 E.
(Riley County, Kans.)

description of the Insoluble Residues . The fine residues obtained from

the Howe limestone member show a color range from light brown (sample Prh-1-

R) through light olive gray (sample Prh-2-R) to yellowish gray (samples Prh-

3-P, Prh-4-R and Irh-5-R), (Fig. 11a). The Howe was probably a lagoonal de-

posit and thus reflects variations in litholo.;y due to shifting currents.

This conclusion ia corroborated by the irregular color pattern of the fine

residue and the haphazard arrangement of zircon and rounded, frosted, quart!

grains found in the coarse residue. The average percentage of fine residue

by weight of sample is 7.7 =»nd the percentage of fine residue by volume is

15.6 (tigs. 11a and lib).

Tubular silica is the predominant coarse residue constituent found in

all samples but Prh-4-R (Fig. lie). The "worm casts" are spongy aggregates

of light-gray color except in sample Prh-l-R in which some are stained with

limonite. Sample Prh-4-R is compos od mostly of crystalline to amorphous,

red to white celestlte (Fig. lie). Traces of similar celestite were found

in samples Prh-2-R and Prh-5-R. Good traces of fibrous gypsum were found in

all samples. Loose, rounded, frosted, quartz grains compose more than 5 per-

cent by volume of sample Prh-3-P and traces of the same material were observed
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in samples Prh-l-R and Prh-4.-K (Fig. 11). Traces of zircon were found in

samples Prh-3-P and Prh-3-li. 3n.all particles of gilsonite were observed in

sample Prh-l-R. The coarse resiaue constitutes an average of 0.6 percent

by weight and 0.8 percent by volume of sample (Figs. 11a and lib).

Stratigraphic Correlation by_ the Use of Insoluble Residues , because of

the lack sf uniformity of its coarse residues, correlation of the Howe lime-

stone member should not be attempted if based solely upon the contained resi-

due assemblage. Local variations of tho lithology of this limestone often

make field identification rather difficult, thus stratieraphic position is

about the most reliable basis for its correlation.

Glenrock Limestone Member of the Red Eagle Limestone

Description of the Member . The Qlenrock inomber is a hard, luassive,

gray-brown limestone which usually weathers tan. 'usulinids are character-

istic of it and are abundant in most exposures. Because this limestone is

more resistant to weathering than the other members of the Red Eagle, it is

the bench former of the formation. The average thickness of the ulenrock

member is 1.5 feet.

Stratigraphic relationship of the (ilenrock limestone member to the

other units of the Council iirove Group is shown in Fig. 2.

Register of Sampled -localities . Samples ware collected from the cilen-

rock limestone member at the five following locations!

Sample Type of
Number Outcrop Legal inscription

Prg-l-R Hillside MEiNlV,1, sec. 20, T. 10 S., a. 8 E.
(Riley County, Kans.)

Prg-2-R Road cut NEiSEi sec. 7, T. 10 S., R. 8 E.
(Riley County, Kans.)
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Sample Type of
Number Outcrop Legal description

Prg-3-P Road cut SWfcSHfi sec. 33, T. 9 S., ". 8 B.
(Pottawatomie County, Kans.)

Prg-4-R Road cut NfiiNWi sec. 2, T. 11 S., R. 8 E.
(Riley County, Kans.)

Prg-5-H Hillside SAf.SWi sec. 32, T. 10 S., S. 8 E.
(Riley County, Kans.)

Description of the Insoluble Residues , the Glenrock limestone member

produces fine residues that show a color range from light olive gray (sample

Prg-l-R) through pale yellowish brown (sample Prg-2-R) to grayish orange

pink (samples Prg-3-P, Prg-4-R, and Prg-5-R) , (Fig. 12a). This is the thin-

est limestone studied and the irregular color pattern may bo explained as it

was in the discussion of the Morrill limestone member. The average percentage

of fine residue by weight of sample is 6.1 and the percentage of fine residue

by volume is 11.4 (Figs. 12a and 12b).

The coarse residues of the Glenrock are dominated by aggregates of

light-gray tubular silica which compose 90 percent or more of each sample

(Fig. 12c). Mottled chert appears as a minor constituent in nearly all

samples (Fig. 12) but is most abundant in Prg-4-ii. Traces of rounded, frosted

quartz grains were found in samples Prg-l-H and Prg-2-R. Fibrous gypsum was

observed in sample Prg-4-R. The coarse residues constitute an average of

0.3 percent bj weight and 0.8 percent by volume of sa.plo (Figs. 12a and 12b).

Stratigrachic Warrelation by. the Use of Insoluble Hesidues. Insoluble

residues would be a valuable aid in correlating this limestone, tut they

should not be relied upon entirely for its identification. Previous discus-

sions have shown that the residues displayed in the Glenrock are not restric-

ted to it but are present and in sindlar amounts in other limestones of the

Council Grove Group. Stratigraphic position is the most reliable basis for
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the identification of the Glenrock.

Long Creek Limestone Member of tho Foraker Limestone

Description of the "ember . The Long Creek member is a slightly dolo-

ndtic and soft limestone. It is massive, fine grained, and usually contains

several shales partings. The limestone layers are usually tan to gray orange

but weather tan whereas the shale partings are yellowish gray and thin bed-

ded. Fossils are few or absent in this member. Its average thickness is

about 8.7 feet.

The stratigraphic relationship of the Long Creek limestone member with

the other units of the Council Grove Group i3 shown in *ig. 2.

Register of oampled Localities , i^utcrops of the Long Creek ILasstone

member were sampled at the five following locations:

Sample
Number Outcrop Legal Description

Pfl-l-R Scad cut NEiNWi sec. 25, T. 10 S., ». 7 E.
(Riley County, Kans.)

Pfl-2-R Road cut NEiSiii sec. 7, T. 10 S., it.

(Riley County, Kans.)

Type of

Outcrop

Road cut

Road cut

Road cut

Stream bank

Road cut

Pfl-3-P Road cut JW,
1

, sec. 33, T. 9 5., ». 8 B.
(Pottawatomie County, Kans.)

Pfl-4-H Stream bank SlilNW:'; sec. 12, T. 11 S., R. 7 E.

(Riley County, Kans.)

Pfl-5-R Road cut NEiNW;
1
, sec. 2, T. 11 S., R. 8 E.

(Riley County, Kans.)

Description of the Insoluble Residues . The fine residues from the Long

Creek limestone member display a color gradation, east to west, from yellowish

gray (samples Pfl-3-P and Pfl-5-R) through pale yellowish gray (samples Pfl-2-

R) to light brown (samples Pfl-l-R and Pfl-4-R) (Fig. 13a). This color pattern

is similar to that of several of the limestones discussed previously and is
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thought to be the result of deposition of clastic sedljnent3 derived froji far-

ther east. The average sample of this limestone produced 9.6 percent by

weight and 18.8 percent by volume of fine residues (Figs. 13a and 13b). This

is the highest percentage of fine residue obtained from any of the limestones

of the Council Grove Group.

White to red, crystalline to amorphous celestite is the most common min-

eral found in the coarse residues of the Long Creek limestone; however, it

was lacking in sample Pfl-A-R (Fig. 13c;. Poorly consolidated, micaceous,

clayey, dark-gray silt was observed in all samples but was more abundant in

the western samples (Fig. 13). This material is the most diagnostic consti-

tuent of the Lory Creek residues. Tubular silica was also found in all sam-

ples and is the predominant residue in sample pfl-4-R (Fig. 13c). Traces

of limonite, selenitic gypsum, and mottled chert were recorded for most sam-

ples. The coarse residue constitutes an average of 3.7 percent by weight

and 4.7 percent by volume of sample (Figs. 13a ..id 13b).

Stratiiraphic Correlation by_ the Use of Insoluble Residues

.

because of

the diagnostic arenaceous material found in the long Creek limestone member,

it would be possible to identify this rock by the use of the insoluble resi-

sues it contains. The presence of abundant celestite and small amounts of

"worm casts" would also be of aid in identification.

Americus Limestone Member of the Foraker Limestone

description of the Member . The Americus member consists of two fossil-

iferous limestones separated by a black to dark-gray shale. Both limestones

are hard, dense, and dark gray to blue gray, fhey are massive but weather

blocky to platy. The shale parting commonly is carbonaceous, clayey, non-

calcareous, and thin bedded to fissile. No fossil were 9tserved in the shale
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parting, but crinoid columnals, echinoid spinas, and brachiopods are the

common fossils found in the limestones. The average thickness of this meafcer

is about 3 feet, and it is a /ood bench-forming limestone.

The stratigraphic relationship of the Americus limestone member with

the other units of the Council Crave Group is shown in Fig. 2.

Register of Sampled Localities. Samples were collected from the

Americus limestone member at the five following locations:

Sample
Number

Pfa-l-R

Pfa-2-R

Pfa-3-P

Pfa-4-P

Pfa-5-R

Type of

Outcrop

Stream bank

aailroad cut

Stream bank

Road cut

Stream bank

Legal description

SEiSEi sec. 26, T. lu S., R. 8 E.
(Riley County, Kans.;

sec. 7, T. 10 S., R. 8 E.
(Riley County, Kans.)

S'.v£s«i aec. 33, T. 9 S., R. 8 E.
(Pottawatomie County, Kans.)

SWiSWi sec. 34, T. 9 S., R. 8 E.
(Pottawatomie County, Kans.)

NEiNWi sec. 20, T. 10 S., K. 8 E.
4Riley County, Kans.)

Description of the Insoluble Residues . The fine residues found in

the nmericus limestone member are predominantly light olive gray but those

of sample Pfa-l-R are pale yellowish brown (Fig. Ha). Outcrops of this

limestone are limited within the area and it was difficult to obtain good

samples over a wide area (Fig. 14). The average sample of this limestone

produced 6.1 percent by weight and 12.0 percent by volume of fine residue

(Figs. Ua and 14b).

Oark-gray aggregates of tubular silica are the predominating residue,

95 percent or more, in each sample of the Americus (Fig. 14c;. In the Council

Grove Group it is the only unit that yields dark-gray "worm casts". Samples

Pfa-2-H and Pfa-3-p contain nearly 5 percent white, chalky, finely granular
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chert that appears to be fragments of invertebrates but could not be positively

identified as such. Traces of this chert were also found in all of the other

samples. Fibrous gypsum composes approximately 5 percent of the volume of

Pfa-l-ft and traces of it were found in Pfa-2-ii and Pfa-3-P (Fig. He). Traces

of glauconite were recorded for samples Pfa-l-U and Pfa-4-P. The coarse re-

sidues co: stitute an average of 1.3 percent by weight and 3.4 percent by vol-

ume of sample (Figs. 14a and lib).

Stratit? ratihic Correlation by_ the thse of Insoluble Residues . It would

be possible to identify this rook by its persistently dark-gr^y tabular sili-

ca residues, and by the percentage volume of coarse residue.

ZONAL ANALYSIS OF THci COTTO.V..'OOD UliaSTONK lili

OF THE biirrii LIX.3T0NE

Introduction

Eecausc of the prominence of the Cottonwood limestone member in the

Manhattan area, it was subjected to more intensive study than the other rocks

of this group. This additional work was based upon the four "zones" in this

rock that can be easily recognized in the field. Weathering characteristics,

color, constituents and position were the criteria for field identification

of these zones. The zones were arbitraily designated as A, B, C, and D, in

decendin;; order. Samples were obtained only from sites where all zones were

exposed or easily uncovered. The procedure of obt lining and studying these

samples was the same as that previously discussed.

The purpose of this additional investigation was two foldi 1) to inter-

pret the sedimentary history of this lim«stono, and 2) to establish the basis

for the laboratory identification of tho zones. Because the freeh, urlweather-

ed rock chips from the different zones are hard to identify, it was postulated
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and later verified that recognition of zones within the Cottonwood limestone

member could be based upon the included insoluble residue assemblages.

Zone "A" of the Cottonwood Limestone Meuber . Litholo^y and Thickness

of the "A" Zone. This zo .o is a single massive layer separated from the

underlying "E" zone by a thin argillaceous parting. In most hillside out-

crops of the Cottonwood limestone this zone has been removed by erosion

(Plate I, Fig. 2.). It is light gray and weathers dark gray and its surface

is rather smooth as compared with those of the B and C zones. It is in

this zone that the fusulinids consistently appear to be most abundant, lich-

inoderm and brachiopod remains are also common. The average thickness of

the A zone is about C.4 foot. (Pig. 15a).

Register of Sampled Localities. Exposures of the Cottonwood limestone

member suitable for sampling were found at the 15 following locations (Fig.

15):

Sample Type of

Legal Description

MWiSBi sec. 7, T. 10 S., a. 8 E.
(Riley County, Kans.)

NWisEi sec. 23, T. ID 3., K. 7 E.
(Riley County, Kans.)

.IS:, sec. 34, I. 10 3., R. 8 E.
(Riley County, Kans.)

NWiSE; sec. 14, T. 9 S., K. 7 E.
(Riley County, Kans.)

NEiNE,
1

. sec. 36, T. 9 S., R. 7 E.
(Riley County, Kan3.)

SBiHEi sec. 23, T. 9 S., R. 7 E.

(Riley County, Kans.)

SEiNEi, sec. 20, T. 10 3., R. 8 E.
(Riley County, Kans.)

Rl£ sec. 14, T. 11 J., R. 8 E.
(Riley County, Kans.)

Sample
Number

Type of
Outcrop

A-l-R Hillside

A-2-R Hillside

A-3-R Road cut

A-4-R Road cut

A-5-R Hillside

A-6-R Road cut

A-7-R Quarry

A-8-R Hillside



Sample
Number

Type of
Outcrop

A-9-H Hillside

A-10-R Hillside

A-ll-P Road cut

A-12-G Hillside

A-13-P Hillside

.:-V,~R Road cut

A-15-H Road cut

Legal description

St'/iNKi sec. 21, T. 11 S., R. 7 I.
(Riley County, Kans.)

SBiNVJi, sec. 12, T. U S., R. 7 S.
(Riley County, Kans.)

SBjSWi sec. 27, T. 9 S., R. 8 E.
(Pottawatomie County, Kans.)

WliNE: sec. 27, T. 11 3 r, B. 7 S.
(Geary County, Kans.)

SEiNKi sec. 34, *. 8 S., K. 7 fi.

(Pottawatomie County, Kans.)

SJiiMKi sec. 7, T. 11 S., K. 8 g.
(Riley County, Kans.)

Sii„3Ei sec. 8, T. 10 S., R. 7 fi.

(Riley County, Kans.)

Description of the Insoluble Residues. The fine residues in this zone

are predominant ly pale yellowish crown with the majority of tne samples

that are of this color aligned toward the northwest. In the eastern and

northeastern parts of the area the clays and silts are brownish gray to

light brownish bray, while in samples from the western part the sediments

are grayish orange pink (Fig. 15a). This color pattern agrees with the

theory previously mentioned that the source of clastic material was to the

east or that thi3 rock in the eastern part of this area was deposited in a

more brackish environment than that toward the west. The average zone "A"

sample has 6.6 percent by wei.;ht and 9.0 percent by volume of fine residue

(Fi-s. 15a and 15b).

The coarse residues of the "A" zone are dominated by white opaque beelt-

Ite composed mostiy of echinoderm, brachiopod and molluscan fragments with

the echinoid and crinoid remains being the most abundant (Fig. 15c). In the

average sample, this material is about 80 percent by volute of the total
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coarse residue. Tubular silica was observed in all samples, but the average

sample displays approximately 15 percent by volume of these silty appearing

"siliceous worm casts". Chalky, white chort containing fusulinids was ob-

served in samples A-5-H and a-8-H. Staple A-4-fl contains appeoxijuately 15

percent by volume of tun, unmodified, micaceous clay as well as strong

traces of magnetite and rounded, frosted quartz gruins. Sample a-IA-K also

contains almost 5 percent of magnetite. The average sample of zone A con-

tains 0.9 percent by weight and 2.0 percent by volume of coarse residues

(Figs. 15a and 15b).

atratigraphic Correlation and Zone Identification by the Use of Insol-

uble Residues . It would be extremely difficult to obtain from a test hole

uncontaminated rock samples from the "A" or any zone of the Cottonwood, un-

less a core sample was taken, because this situation does exist, only care-

fully obtained outcrop samples of any of the four zones could be used for

correlation purposes. Sone identification would bo a relatively simple task

for the easily recognized and abundant white, opaque beekite fragments are

diagnostic of the A zone.

Zone "B" of the Cottonwood limestone Member . Lithology and Thickness of

the »E" Zone. In the Flint Hills region this zone is usually a single massive

layer that forms the upper part of most hillside outcrops of the ^..Lonwood

limestone member. Locally it may be separated from the underlying "C" zone

by a very thin argillaceous zone. Zone C is light gray and weathers tan-gray.

In this area the B zone is rarely flinty but nodules of partly silicified

material that weather more slowly than the rest of the rock give it a flinty

appearance. This is also typical of the underlying C zone; however, the

degree of roughness produced by differential weathering is not as ^reat in

zone B as that displayed in the C zone. Flate I, Fig. 2. Fusulinids are
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persistently very abundant in this cone and echinodem, braohiopod and

molluscoidean remains are common also. The average thickness of this zone

is approximate- 2.7 feet, nearly 7 times that of the overlying A zone (Fig.

16a).

Segister of Sampled Localities. Because samples were taken at locations

where the four zones were obtainable, the register of sampled localities for

the "A" zone on pages 89 and 90 is the same for the B zonej only the proper

zone code letter need be substituted to have the oorrect sample number.

Description of the Insoluble Hesidues. The fine residues of this zone

display a haphazard color pattern with grayish orange pink the predominating

color in the western part of the area. Pale yellowish brown is the common

color toward the southeast while various shades of gray are scattered through-

out the area but are more prominent in the central and northern parts of the

area. It is thought that strong currents at the time of deposition produced

the confused color patter;, but that ground water may also have been a con-

tributing factor. The average zone B sample has 6.5 percent by weight and

9.7 percent by volume of fine residue (Figs. 16a and 16b).

te, opaque, chalky, spongy chert containing fusulinids is the most

abundant coarse residue of this zone, but is lacking in sample* B-10-R and

B-ll-H (Fig. 16c). achinoderra beekite, with some brachiopod ana ^i^uscan

fragments, was the only persistent residue observed in this zone. The aver-

age sample is composed of approximately 20 percent by volume of this consti-

tuent. Smooth, gray, translucent, chalcedonic chert was studied in samples

B-6-R, B-13-P and B-14-R without any obvious association as to location occur-

ence. Traces of tubular silica were observed in several samples. The aver-

age sample of zone B contains 6.7 percent by weight and 9.2 percent by volume

of coarse residues (Figs. 16a and 16b).
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Stratigraphic Correlation and Zone Identification by the Use of Insoluble

Residues. The diagnostic coarse residues of the "B" »one are beekite and

chalky, spongy, fossiliferous chert and the ratio of their occurence is ls3

beekite: chert. Reliable identification of this zone would have to be made

upon the basis of the above discussion on samples taken from outcrops of

this limestone.

Zone "C" of the Cottonwood Limestone Uember . Lithology and Thickness

of the "C" Zone. The "C" zone is a massive limestone layer overlying an ar-

gillaceous basal zone in the Cottonwood limestone ma;ber. Usually it forms

the lower part of exposed Cottonwood outcrops in the Flint Hills area. Often

it is separated from the overlying B zone by a thin parting of clay. This

zone is light gray and usually weathers a yellowish tan gray. Zone C is

similar to the overlying B zone in that it contains nodules of partly sili-

cified material which weathers more slowly than the rest of the rock. This

differential weathering imparts to the zone a flinty appearance; however,

chalcedonic geodes or nodules rarely occur within this layer. The rough,

pitted and porous weathered surface of this zone makes it easily distinguished

from the overlying B zone or the underlying D zone, Plate 1, Fig. 2. Fusu-

linlds ( Pseudofuslina emaciata j are not as abundant within this zone as in

the overlying A and B zones. Ecliinoderm, brachiopod and mollusc.! : jmains

are common. The average thickness of this zone is upproxiniately 1.3 feet

Register of Sampled Localities. Because samples were taken at locations

where the four zones were obtainable, the register of sampled localities for

the A zone on pages 89 and 90 is the same as that for the C zone; only the

proper zone oodo letter meed bo substituted to have the correct sample num-

ber (Fig. 17).
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Description of the Insoluble Hesiduos. The color pattern produced by

the fine residues in this zone is a random one with pale yellowish brown

predominating in the southern part of the area. Throughout the remainder of

the area various shades of yellow, gray, brown, and pink are indiscriminately

distributed as if the clastic sediments had been promiscuously deposited by

strong currents or during stormy periods. The percolation of ground water

can not be entirely dismissed as an influencing factor in producing such a

haphazard color arrangement. The average zone C sample has 8.2 percent by

weight and 12.1 percent by volume of fine residue (Figs. 17a and 17b).

The average coarse residue sample of this zone is composed of approxi-

mately 75 percent by volume of white to pale cream, shalky, 3pongy to oolitic

chert containing abundant fusulinids. This residue is not consistently the

major constituent by volume of each sample, but it is always present in suf-

ficiently large amounts, as may bo seen in Fig. 17c Silty appearing tubu-

lar silica was found in samples 0-2-H, C-3-R, C-ll-P, C-12-G and C-13-P,

while traces of this residue were recorded in several other samples, liassive,

fine, silty, micaceous . c lay was observed in C-4-K and C-5-R. Well consoli-

dated silt apparently ceraented with limonite was found in sample 0-4-8.

Smooth, fine to moderately fins, granulated, milky white to pink, chalcedonic

chert is an important residue in sample C-15-R. This particular residue

forn.G small geodes and is evident only at this location. The average sample

of zone C contains 2.7 percent by wei;ht and 4.5 percent by volume of coarse

residues (Fi|»s. 17a and 17b).

Stratirraphic Correlation and Zone Identification by the Use of Insolu-

ble Residues. This zone is easily identified by its contained residues and

by tho Jack of one material, becklte, which is found in the other three zones

of the Cottonwood liaestone me«i>er. Only uncontaminatea samples taken from
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outcrops should be used for identification ami correlation when working with

this zone or any zone of the same thickness.

Zone "D" of the Cottonwood Limestone 11ember . Lithology and Thickness

of the »D" Zone. The basal argillaceous zone of the Cottonwood limestone

member has been termed the "D" zone in this report. Usually it is a massive

layer that locally shows gradation into the underlying tskridge shale. This

zone is often mantled by soil but may be easily exposed bj the use of a

shovel. Nodules of silicified material are present >.ithin this zone but

apparently weather at nearly the same rate as the matrix for the exposed sur-

faces are not as rough as those displayed in the overlying B and C zones,

Plate I, Fig. 2. Fusulinids are loss abundant than in the three overlying

zones. Kchinoderm, brachiopod and molluscan remains are common. The aver-

age thickness of this zone is approximately 1.3 feet (Fig. 18a).

Register of Sampled Localities. Because samples were taken at locations

where the four zones were obtainable, the register of sampled localities

from the A zone on pages 89 and 90 is the same as that for the D zonej only

->par zone code letter teed be substituted to have the correct sample

number (Fig. 18).

Description of the Insoluble Residues. Within the area investigated,

this zone displays a color pattern of fine residues at variance to that of

the A zone. The trend of the gray sediments is northeasterly with the major-

ity of the brown clays and silts in the southeastern part of the area. This

lack of similarity of color patterns of this and the uppermost zone of the

master suggest an east to west transgressive-regressive series during the

deposition of the Cottonwood limestone. The average zone 11 sample has 9.6

percent by weight and 15.0 percent by volume of fine residues (Figs. 18a and

18b).
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Pale cream to light gray, silty appearing tubular silica is the major

coarse residue constituent found in this zone. Although this siliceous resi-

due did not appear in every sample studied, it does compose approximately 50

percent by volume of the average sample. Samples D-7-R and U-9-R are the

only ones that do not display white to pale cream, oolitic to spongy beekite

composed of siliceous brachiopod, molluscan and echinoderm fragments. Tan-

gray, micaceous clay pellets in the shape of flat, thin, circular disks are

the predominating residues in samples D-4-R and D-5-*, the only samples in

which the siliceous "worm casts" are absent (*'ig. 18). D-5-H and D-ll-P

each contain approximately 10 percent by volume of tan, spongy argillaceous

material (*'ig. 18c). White to pale cream, oolitic to spongy, chalky chert

was recorded in samples D-6-R, D-7-R, and 0-14-ii as being their major consti-

tuents. Several traces of rounded, frosted, quartz grains and chalcedonic

chert were scattered throughout the investigated area. Approximately 5 per-

cent by volume of spongy limonite was observed in D-l-R and about the same

percentage of glauconite appeared in D-15-R (*'ig. 18c). The average sample

of rock from zone D contains approximately 0.7 percent by weight and 2.0

percent by volume of coarse residues (t'i^s. 18a and 18b).

Strati^raphic Correlation and Zone Identification by the Use of Insolu-

ble Residues. This zone could easily be distinguished from those overlying

it on the basis of insoluble residues. Identification could be made on the

basis of the following characteristics: fusulinids were not observed in the

residues of this zone: "worm casts" were usually the predominant residue and

where they were absent, there was found abundant argillaceous material in

their lieu; a moderate percentage of oolitic to spongy beekite. Only out-

crop sample should be used in attempting to correlate or identify this zone

when using residue assemblages.
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Insoluble residues yield much information concerning silification, dolo-

mitlzation, and facies changes on certain limestones and dolomites. They

also serve as a rapid means of determining roughly the purity and suitability

of limestones and dolomites for certain uses.

Because the area investigated has artificial and not geologic boundaries

poBitive determination of the direction of clastic sedimentation and shore-

line trends is not possible, from information that has been made available,

however, it is believed that the source area for the fine residues in the

Council drove Group generally was east of their site of deposition.

Strata Identification and Correlation

It must be emphasized that it is only rarely that a particular residue

alone from a restricted thickness of rock can be safely used for identifi-

cation and correlation. The use of residue assemblages is similar to the

use of fossil assemblages by paleontologists for correlation. Certain resi-

due assemblages are valuable keys for identifying and correlating carbonate

formations, member, and zones. It cannot be stressed too strongly that

correlation of well cuttings by insoluble residues involves a thorough know-

ledge of the type of residues in a particular sequence of rocks in that area

or oppositional basin. Also, many residue correlations are dependent upon

the sequence, as well as the assemblage. This is particularly true of the

Council drove droup of formations.

On page 119 is presented a table of correlation of the Council drove

group of limestones based entirely upon their contained insoluble residue



assemblages. The stratigraphic sequence or the residue assemblages was

ignored to oltain the presented ratings. In general, if the assemblage s

-juence is known, the over-all correlation of this group of rocks is very

good.

119

Table 1. Identification and correlation of the
Council Grove Group limestones based upon their

contained insoluble residue assemblages.

Carbonate strata Correlation rating

Funston Line stone Very good
Crouse Limestone Very good
Bader Limestone

Uiddleburg limestone member Good
Kiss limestone member Good

Seattle Limestone
Uorrill limestone member Doubtful
Cottonwood limestone member Excellent

Zone A Good
Zone B Good
Zone C Good
Zone Good

Grenola Limestone
Neva limestone member Fa im-

Burr limestone member pair
Red Eagle Limestone

Howe limestone member Doubtful
Glenrock limestone member Doubtful

Foraker Limestone
Long Creek limestone member Fair
Americus limestone member Good

Ratios. Presented in Fi*s. 19 and 20 are tables showing ratio of the

mean percentage of weight of total residues to the percentage of volume of

total residue of the various limestona strata investigated in this study.

Because all other attempts to establish correlations between the percentages

of weight to the percentages of volume proved unsuccessful, it was determined

that these tables would best illustrate the "personality profile" of the
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Council Grove group limestones.

General. Rapidly fluctuating shore limes and storm-generated currents

disrupt the depositional pattern by creating local conditions that may easily

be confused with those produced by the deposition of secondary minerals by

ground water. It is the writer's opinion that the majority of the beekite and

other similar residues described in this report are the result of silicifica-

tion by the replacement method.
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Stratum
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Fig. 19. Table of Council Grove Croup limestones showing their mean
percentage of weight of total residues to the percentage of
volume of total residues ratios and their ratio extremes.
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Zone Ratios and Ratio ixtreoes
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Fig. 20. Table of Cottonwood limestone member Eones showing their
mean percentage of weight of total residues to the per-
centage of volume of total residues ratios and their ratio
extremes.
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ABSTttACT

The insoluble residues of the limestones of the Council Grove Group are

described and their occurrences illustrated, emphasis being given to these

Permian rocks as they occur in the Manhattan, Kansas, area. The use of

insoluble residues in the correlation and identification of carbonate strata

is discussed. The manner of preparing, describing and recording of resi-

dues is also dlacussed in considerable detail. This report is descriptive

and makes no attempt at regional geologic correlations due to the size of

the investigated area but is of primary interest to subsurface strati-

graphers, although it will serve tne fielci geologist in checking field iden-

tifications. From information that has been made available, it is believed

that the source area for the fine residues of the Council Grove Group gen-

erally «as east of their site of deposition. It is strongly stressed that

many residue conflations within this group of rocks are dependent upon

the sequence, as well as the contained asset-blages. The results of this

investigation show that, if the assemblage sequence is known, the overall

correlation of these rocks is very good. The majority of the beekite and

similar residues described are thought to be the result of siliclfication

by the replacement method. The collected and presented data displays vary

little relationship between the volumetric and weight measurements of the

residues and samples from any limestone in this group.
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