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INTRODUCTICA1 

Purpose of the Investigation 

Interest in the study of insoluble residues was sti'u- 

lated by knowlede,e of their use as a means of subsurface 

correlation by the petroleum industry. In compilin and pre- 

sentin, the data here reported, an effort was made to follow 

procedures established by oil Ceolo:ists and to evaluate the 

results from a practical standpoint as they would be used in 

subsurface correlation by a petroleum ceolo:ist. 

In this study, the strati6raphie units are discussed in 

an order reversed from that used in many geolo ic reports. 

The first strati raphtc unit discussed is the youncest, just 

as thou(Th a set of oil-well cuttins was hein_ described. 

The analyses are restricted to the limestones cropping out in 

the vicinity of Manhattan, Kansas (Fig. 1). Each limestone 

is discussed as to sample locations, litholoy, insoluble 

residues, and possible correlation through the use of the in- 

soluble residues of te limestones will be sum Arized. 

This investigation was undertaken with a two-fold pur- 

pose in mind. The primary purpose was to determine the feas- 

ibility of the correlation of some local limestones by means 

of their insoluble-residue content. The secondary purpose 

was to see if there was a marked difference between the 



This report 

Fig. 1. Index nap of Kansas showing area covered by this investigation. 
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insoluble residues of the Permian limestones and the 

Pennsylvanian limestones in the area of investigation. 

Definition of Insoluble Residues 

The term "insoluble residue", as used in this study, 

will include all of the material remaining after rock frag- 

ments have been digested in dilute hydrochloric acid. There- 

fore, in this study, the use of the term "insoluble residue" 

is restricted to the calcareous rocks, i.e., limestone, 

dolomite, and calcareous shale. This definition is the same 

as that used by Ireland (1950, p. 140) and Grohskopf and 

McCracken (1949, p. 7). 

The term "siliceous residue" used by Crowley and Hen- 

dricks (1945, p. 413) is not considered applicable because 

much of the insoluble residue examined during this investi- 

gation consists of pyrite, limonite, celestite, glauconite, 

silty-clay pellets, muscovite, and fusain. 

The total insoluble residue of a calcareous rock may:be 

further classified as fine residue and coarse residue. The 

fine residue consists of the clay fraction of the total resi- 

due and can be separated from the coarse residue by decanta- 

tion. The coarse residue consists of those particles of the 

total residue which are larger than clay size and remain in 

the beaker after the fine residue has been decanted. 



In general, most correlative work is done with the 

coarse-residue fraction. Ireland (1950, p. 143) states, 

"Little or no work has been done with the fine residues, and 

their value for correlation and identification is yet to be 

determined." 

Previous Work on Insoluble Residues 

Ireland (1936, p. 1087) states that the first paper deal- 

ing with insoluble residues was published by E. Wethered in 

1388. Since that time insoluble residues have been used by 

many geologists as a means of correlating calcareous sedimen- 

tary rocks. The method used by Trager (1920, p. 170-176) 

for the examination of well cuttincs, consisted of E,rinding 

the sample to particles small enough to pass an 80-mesh 

sieve, measuring out a unit volume, dissolvinc the carbonates 

in hydrochloric acid, and centrifuging the residue in water 

for the separation of sand and shale. The percentages of 

sand, shale, and soluble carbonates were recorded. 

Lamar (1926, p. 578585), in his analyses of Mississippian 

limestones, used the total insoluble residue. This residue was 

separated by size into four fractions - clay, silt, sand, and 

oversize. Graphs were made showing the constituent percentage 

of the various fractions, and a heavy mineral study was made 

of the silt- and sand-size fractions. 
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Claypool and Howard (1928, p. 1147-1152), in their anal- 

yses of well cuttings, classified the various limestones 

according to the calcite, dolomite, and magnesite content. 

The sample was ground so as to pass an 80-mesh sieve and the 

light, medium, and heavy fractions were separated by cen- 

trifuging in Thoulet's solutions of various densities. By 

digesting these fractions in hydrochloric and nitric acid, 

- calcite was dissolved from the light fraction, dolomite dis- 

solved from the medium fraction, and magnesite was dissolved 

from the heavy fraction. The volume of shale and sand was 

measured after dissolving the calcite in the light fraction. 

Merritt (Ireland, 1936, p. 1087) studied the insoluble 

residues of the Arbuckle limestone in 1928 and the Simpson 

formation in 1931, both from outcrops sampled in the Arbuckle 

Mountains of Oklahoma. 

McQueen (Grohakopf and McCracken, 1949, p. 8), in a pub- 

lication of the Missouri Geological SurVey, formulated a 

system of nomenclature and methods of sample preparation. He 

dissolved samples of well cuttings in dilute hydrochloric acid, 

decanted the fine residue, and examined the coarse residu;) 

for diagnostic constituents. His methods have become routine 

practice in the subsurface studies of the Missouri Geological 

Survey (Grohakopf and McCracken, 1949, p. 8) and are used by 

most of the workers in other states. 

Ockerman (1931, p. 43-46), of the Kansas Geological Survey, 

used McQueen's methods in his studies of the Hunton and Viola 
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limestone, sampled from oil wells drilled near Topeka, Kansas. 

In 1931, Martin (Ireland, 1947, p. 1479) used insoluble res- 

idues in the correlation of Mississippian limestones in 

Indiana and Kentucky. Mitchell (1934, p. 412) used insoluble 

residues as the basis for his study of the correlation and 

deposition of certain Pennsylvanian limestones in Ohio. In 

1935, burps, and Wilgus (Ireland, 1936, p. 1087) studied the 

insoluble residues of Permian beds in New Mexico. Ireland 

(1936, p. 1086-1121), in his study of the Hunton and Viola 

limestones in Oklahoma, found insoluble residues a definite 

aid in the identification of the limestones. 

Schoewe, Keroher and Keroher (1937, p. 269-281) made a 

preliminary study of the insoluble residues of a number of 

Pennsylvanian limestones in Kansas. Hiestand (1938, p. 1588- 

1599) zoned the Mississippian limestone in the subsurface of 

central Kansas on the basis of residue characteristics. Cole 

(1942, p. 1398-1409) studied residues in his investigation of 

the Ellenburger limestone in west Texas, and Crowley and 

Hendricks (1945, p. 413-425) zoned the same limestone in 

north-central Texas on a similar basis. 

In 1946, Ireland (1947, p. 1479-1490) arranged a confer- 

ence in Midland, Texas for the purpose of standardizing 

insoluble-residue terminology. All interested workers in the 

field of insoluble residues were invited. The terminology 

adopted by this conference follows, for the most part, that 

used by the Missouri Geological Survey, and proposed by 
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Mcqueen in his early reports. 

Grohskopf and McCracken (1949, 39 p.) of the Missouri 

Geoloc,ical Survey have recently published a supplement to 

McQueen's report. In it they discuss t':1) insoluble residues 

of tho Mississippian, Ordovician, and Cambrian limestones of 

Missouri, the preparation of the insoluble residues, and the 

application of insoluble-residue analyses to various prob- 

10MS, 

Area of Investigation and StratIraphic 
Units Sampled 

In the course of this investigation, 10 limestones 

cropping out in Riley, Vabaunsee, and Pottawatomie Counties 

in Kansas were sampled and their insoluble residues studied 

(Fig. 1). These limestones are located stratigraphically be- 

tween the Hamlin shale of the Admire Group (Wolfcampian 

Series of the Permian System) and the M.11ard shale of the 

Viabaunsee Croup (Virgilian Series of the Pennsylvanian Sys- 

tem). The Permian limestones are, from youngest to oldest, 

the Five Point, Falls City, and Aspinwall. The Pennsyl- 

vanian limestones are, from youngest to oldest, the Brown- 

ville, Caneyville, Jim Creek, Crandhaveri, Dover, :"aple Hill, 

and Tarkio (Fig. 2). 



Symbols 1 Legend For:.ation 

Pfp EI 1 FIVE POINT LIPESTONE 

French Creek shale 

Cjc 

Cg 

Cd 

Gmh 

at 

JIM CREEK LIMESTONE 

Friedrich shale 

GRANDHAVEN LIMESTONE 

Dry shale 

DOVER LIMESTONE 

Langdon shale 

MAPLE HILL LIMESTONE 

Wanego shale 

Fig. 2. Generalized stratigraphic section. 
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Nomenclature and Symbols 

Nomenclature. The classification and terminology for 

insoluble residues proposed by the Residue Conference of 

1946 (Ireland, 1947, p. 1479-1490) have been followed, for 

the most part, in discussing the residues examined during 

this study. It was found, however, that some constituents, 

which compose a sizeable fraction of most of the coarse 

residues examined, are classified by the Residue Conference 

as "Unclassified Accessory Lesidues" (Ireland, 1947, p. 1479- 

1490). In these anf other cases in which the terminology 

proposed by the Residue Conference did not seem appropriate, 

the terminology of other authorities, considered to be better 

suited to this study, was adopted or modified as dictated by 

the residues in question. All terms and definitions for 

which the authority or a modification is not cited are those 

proposed by the Residue Conference of 1946. 

The definitions of the descriptive terms here used are: 

Abundant dolomolds: Residues with rhombohedral 
openings with the constituent material comprising 
from 25 to 75 percent of the volume of the fragment. 
Openings vary from microscopic to megascopic. 

Anhedral: No crystal form developed. 

Chalky: Uneven or rough fracture surface; 
commonly dull or earthy; soft to hard; may be 
finely porous; essentially uniform composition; 
resembles chalk or tripolite. (Formerly referred 
to as 'dead' or /cotton chert.1 This includes 
dull, unglazed porcelaneous material which grades 
into glazed porcelaneous material of smooth chert.) 
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Chert: Cryptocrystalline varieties of quartz, 
regardless of color; composed mainly of petrograph- 
ically microscopic fibers of chalcedony and/or 
quartz particles whose outlines range from easily 
resolvable to nonresolvable with binocular micro- 
scope at magnifications ordinarily used by geol- 
ogists. Particles rarely exceed 0.5 mm. in diam- 
eter. 

Clay: Fine material of clay size, under 1/256 
mm in diameter. (Modified for this study.) 

Dolomold: Rhombohedral cavities in an insol- 
uble residue. (Generally due to the solution of 
euhedral dolomite or calcite crystals.) 

Dolomoldic: Containing dolomolds. 

Drusy: Clusters or aggregates of crystals, 
generally incrustations. 

Euhedral: Double terminated crystals; un- 
attached. 

Fusain: Fusain, or 'mineral charcoal' is most 
readily identified because of its resemblance to 
common charcoal. If not mineralized, it is very 
friable and highly porous. The pores are in some 
instances filled with calcite or pyrite (Pettijohn, 
1940, p. 367). 

Granular: Chert; compact, homogenous; composed 
of distinguishable relatively uniform-size grains, 
granules, or druses; uneven or rough fracture suru. 
face; dull to glimmerin luster; hard to soft; may 
appear saccharoidal. (This type is frequently 
referred to as 'crystalline.) 

Ordinary: Smooth chert with even fracture 
surface; all colors, chiefly whito, gray, or 
brown; may be mottled; approaches opaque; gen- 
erally homogeneous, but may have slight evidence 
of granularity or crystallinity; grades into 
chalcedonic or granular chert. 

Sand: quartz grains; very fine, 1/8 to 1/16 mm 
in diameter. (Modified for this study.) 
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Silt: Grains of silt size, chiefly quartz; 
size ranges from 1/16 to 1/256 mm in diameter. 
(Modified for this study.) 

Smooth: Major type of chert with conchoidal 
to even fracture; surface devoid of roughness; 
may be botryoidal; homogeneous; no distinctive 
structure, crystallinity, or granularity. 

Subhedral: Crystal forms partly developed; 
may be loose, drusy, or granulated. 

Subrounded: Polygonal grains or fragments 
but with well-rounded edges and corners. 

Tubular silica: Small, highly contorted 
tubular forms of fragile silica (3choewe, Koroher, 
and Keroher, 1937, p. 274). It is believed that 
this is the residue called "siliceous 'worm casts!" 
by Grohskopf and McCracken (1949, p. 15, 23). 
Organic origin is implied in both references. In 
this study, however, it is considered only as 
another typo of coarse residue. (Modified for this 
study.) 
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Sample-number Symbols. The symbols listed below are 

used to indicate the system, geologic formation, county, 

and outcrop number within a county for all samples collected 

during this investigation. 

Symbol Definition 

P Permian System 

C Pennsylvanian System 

fp Five Point limestone 

fo Falls City limestone 

a Aspinwall limestone 

b Brownville limestone 

cv Caneyville limestone 

Jo Jim Creek limestone 

g Grandhaven limestone 

d Dover limestone 

mh Maple Hill limestone 

t Tarkio limestone 

U Upper part of the limestone 

L Lower part of the limestone 

Riley County, Kansas 

W Wabaunsee County, Kansas 

P Pottawatomie County, Kansas 

Arabic numbers 1 to 25 were assigned in a chronological se- 

quence to outcrops as they were sampled within a county. 
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Fine Residue Color Symbols. The color of the fine 

residues was obtained by comparing them with examples in 

the Rock-Color Chart. This chart was prepared in 1948 by 

the Rock-Color Chart Committee of the National Research and 

is now available through the Geological Society of America, 

New York, N. Y. 

The following color symbols and their equivalent colors 

are used in this study (as Fig. 3c et seq.): 

Symbol Color 

10 YR 7/4 Grayish orange 

10 YR 6/6 Dark yellowish orange 

10 YR 6/2 Pale yellowish brown 

10 YR 5/4 Moderate yellowish brown 

5 Y 8/1 Yellowish gray 

5 Y 7/2 Yellowish gray 

5 Y 6/1 Lijlt olive gray 

5 Y 4/1 Olive gray 

N 6 Medium light gray 
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Coarse Residue Color Symbols. The following colors 

are used in the coarse-residue cirelegrams and bar charts 

to indicate the coarse -residue composition of the samples 

(as Figs. 3a and 3d et seq.): 

Symbol Definition 

Limonite 

Pyrite 

Sand 

Glauconite 

Tubular silica 

Muscovite flakes 

Celestite 

Fusain 

Clay, silty 

Chart 
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Preparation of Insoluble Residues from Outcrop Samples 

Field Procedure. The lower Permian and upper Penn 

sylvanian limestones are exposed in road cuts, ditches, 

stream banks, and on hillsides. The major problem en- 

countered in the field was to find outcrops in which the 

full thickness of a formation was exposed. 

Where a suitable outcrop was found, its geographic lo- 

cation was determined and noted, and the outcrop assigned 

the next number in the chronological sequence of samples 

collected in that county. A lithology of the stratigraphic 

unit was recorded. If the formation consisted entirely of 

limestone, a channel sample of its full thickness was col- 

lected. However, if there was a shale break in the forma- 

tion, separate channel samples were taken of each bed of 

limestone; the intervening shales were not sampled. For 

those formations that included shale breaks, the separate 

channel samples were either combied to form a composite 

sample of the limestones in the formation or were treated as 

separate samples in order to analyze differences in the in- 

soluble residues of the upper and lower limestone layers; 

portions of them were later combined to form a composite 

sample. 

An attempt was made to collect only fresh rock free 

from extraneous material. The samples obtained from each 
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strati,,raphic unit are listed under the heading "Sampled 

Locations" in the descriptions of the insoluble residues 

of the several limestones. 

The amount of each sample obtained varied in direct 

proportion to the thickness of the sampled formation. In 

all cases, a sufficiently large sample was collected to per- 

mit the repetition of laboratory processing in the event of 

accident or to check results. 

It was hoped that samples of each formation could be 

collected at evenly spaced intervals over its outcrop area. 

However, this spacinl was found to be impossible because of 

the limited number of suitable exposures. The sampling of 

most of the units was restricted to those outcrops in which 

the full thickness of the formation was exposed. It was 

thou,ht that this would result in better experimental con- 

trol and a more representative suite of residues. 

Laboratory Procedure. After trying various laboratory 

techniques and procedures outlined by the workers cited 

previously, the followin, laboratory procedure was estab- 

lished and used throughout this investigation. 

The already fragmented samples of limestone were crushed 

to finer sizes and were then sieved. Two sieves, one with a 

4-mesh screen and the other with a 10-mesh screen, were used 

in the sieving operation. Only that part of the sample which 

passed through the 4-mesh screen and was retained on the 10- 

mesh screen was saved. These fragments of the sample are 



small enou h and sufficiently uniform as to be suitable for 

accurate volumetric measurement; they also probably represent 

the freshest portion of the total sample. The rock fraL- 

ments retained on the 4-mesh screen were discarded. They were 

considered too large and too irregular in shape for accurate 

volumetric measurement, and their larger size would increase 

the time required to digest the sample. The fragments which 

passed through the 10-mesh screen were also discarded. This 

was done to eliminate the more weathered portion of the rock 

sample and to prevent contamination by rock powder from other 

samples. It was routine practice to clean the rock crusher 

and sieves after each sample had been run to prevent contam- 

ination of later samples. 

The crushed sample was then poured onto a cloth and 

thoroughly mixed. The unit sample volume used was 10 drams. 

For those formations represented by 2 samples, each sample 

was treated separately and a composite sample of the forma- 

tion was also made by combining 5 drams of each of the 2 

samples. The 10-dram sample was then weighed and placed in 

a pint fruit jar on which the sample number had been written. 

Samples were usually processed in groups of 10. The 

glass containers were placed in 2 glass trays for convenient 

handling and to catch any acid which might be spilled during 

the digestion process. The trays were then placed under a 

ventilating hood before the acid was applied. 
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Approximately 50 cc of tap water were first poured 

over each sample. This was followed by about 5 cc of con- 

centrated technically pure hydrochloric acid. Acid was 

added to the sample, whenever effervescence ceased, until 

digestion was complete. Slow application of small quantities 

of acid was necessary to prevent the froth, caused by the 

effervescent reaction of limestone and acid, from spilling 

out of the container. Thm samples were stirred frequently 

to prevent the silt and clay, which were released during 

the digestion of the limestone, from covering the rock frag- 

ments and thus retard their digestion. 

After digestion of the limestone was complete, the fine 

residues were allowed to settle and.the spent acid was 

siphoned off. The jars were then filled with tap water under 

pressure to insure thorough dispersion and washing of the 

residues. The washing, was repeated 7 times. The first 2 

washings removed any excess acid and the remaining 5 washings 

were made to insure the removal of soluble salts and precip- 

itates, such as crystals of gypsum and calcium chloride, 

which may have been formed by reaction of the acid with the 

limestone. (See Grohekopf and McCracken, 1949, p. 10 for 

further information.) 

The fine residues were then decanted through numbered 

filter papers, with care taken to leave the coarse residues 

in the jars. The coarse residues were transferred to 
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appropriately labelled 250 cc Pyrex beakers, and both resi- 

dues were dried in an oven. 

After drying, the coarse residues were removed from the 

beakers, weighed, and placed in 2-dram lip vials. The corks 

of the vials were labelled with the sample numbers. The fine 

residues were weighed, removed from the filter papers, 

powdered, and also placed in 2-dram lip vials with labelled 

corks. 

A small metal pan was used for pouring residues into the 

vials and later as the tray in which the coarse residues were 

examined. The pan is 3 inches wide, 5 inches long, and about 

:-,1-inch deep. One end of the pan is tapered and cut off so as 

to leave an opening about -,1-inch wide (Grohskopf and McCracken, 

1949, p. 12). It was painted with black enamel to reduce 

light glare and to provide a contrasting background for the 

coarse residues during examination. 

The percentaee volume of the fine and coarse residues 

was measured by placing the vials in a specially constructed 

wooden block. The block was made from 2 by 4 inch lumber and 

is about 6 inches long. Four holes, each 11/16 inch in di- 

ameter, were drilled into the narrow edge of the wooden block 

so that when the vials were placed in them, only the lips of 

the vials protruded. The block was planed on one side until 

the holes were intersected and the contents of the vials 

could be observed. It was painted with black enamel and 10 
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equally spaced horizontal lines were marked on the front 

face and painted with white enamel (Grohskopf and McCracken, 

1949, p. 11). Each of the 10 divisions represents 2 percent 

of the total 10-dram mpl. The percentaue volumes of the 

coarse and fine residues were visually determined and later 

plotted on graphs showing constituent percentage of total 

sa:aple by volume (as Fig. 3c). 

The percentage weights of fine and coarse residues were 

later computed and noted on the sample data charts (as Fig. 

3b). 

The colors of the fine residues were obtained by com- 

parison ':Jith the Rock Color Chart (See p. 13 and Fig. 3c). 

A binocular microscope equipped with 10-power oculars 

and paired objectives of 2 and 4 powers was used for exami- 

nation of the coarse residue. After a ieneral examination 

of the coarse residue, the percentage volumes of the con- 

stituents were estimated by visual inspection and were later 

plotted in colors on raphs showing constituent percentage 

of coarse residue by volume (See p. 14 and Fig. 3d). 



DESCRIPTION OF INSOLUBLF RESIDUES BY STRATIGRAPHIC UNITS 

Permian System 

Three limestones of the Admire Group (Permian System) 

were sampled during this investigation. They are, from 

younFest to oldest, the Five Point, Falls City, and Aspin- 

wall limestones (Fig. 2). 

Five Point Limestone. The Five Point limestone under- 

lies the Hamlin shale and overlies the West Branch shale 

(Fig. 2). It is the uppermost limestone in the Admire 

Group. 

Sampled Locations. Suitable outcrops of the Five 

Point limestone are relatively scarce in the area covered 

by this investigation. Five exposures were sampled (Fig. 3a): 

Sample 
number 

PfpR10 

PfpUR12) 
PfpLR12) 
PfpR12 ) 

PfpW1 

PfpW2 

PfpP13 

Type of 
outcrop 

Toad ditch 

Hillside 

Road cut 

Road cut 

Road ditch 

Geographic location 

SWiNVII,ISW34-, sec. 8, T. 11 S., 
R. 9 E., Riley County 

NWiSE-2,SWi sec. 30, T. 10 
R. 9 E., Riley County 

SW.ISWSW-i sec. 12, T. 11 ;op 

R. 9 E., Wabaunsee County 

SW-;'ISE-1SW-,11 

R. 11 L., 

SESWNW 
R. 11 B., 

sec. 26, T. 11 S., 
abaunsee County 

sac. 20, T. 9 z., 
Pottawatomie County 

21 
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Lithologic Description. The upper part of the Five 

Point limestone is platy and argillaceous (Figs. 2 and 3e), 

and the lower part is hard, massive, and fossiliferous. The 

limestone is light gray to yellowish gray, and weathers tan 

gray. The average thickness of this limestone is about 3 

feet. 

Description of the Insoluble Residue. The total res- 

idue of this limestone ranges from 2.8 to 15.0 percent by 

volume (Pigs. 3b and 3c). The volume of the coarse residue 

varies from 0.2 to 3.0 percent, and the volume of the fine 

residue comprises from 1.8 to 13.0 percent of the original 

sample. 

The color of the fine residue ranges from dark yellow- 

ish orange to liOit olive gray (Fig. 3c). 

The coarse residue consists of varying; amounts of 

limonite, sand, glauconite, and tubular silica. Yellowish- 

brown limonite is the principal constituent and occurs in 

the form of small porous grains, cubic and octahedral crystals 

pseudomorphic after pyrite, and nodules (Fig. 3d). The sand 

is composed of very fine, anhedral, well-sorted grains of 

quartz. Sand forms about 95 percent of the coarse residue of 

sample Pf013 (Fig. 3d). The glauconito occurs as rounded 

grains and as the replacement of sponge spicules(?), bryozoans, 

foraminifers, and coral fragments. ;mall muscovite flakes 

form about 5 percent of the coarse residue of sample PfpPl3 

and occur as a trace in the other samples. Pyrite occurs 



Saliple 

number Location 

Sample 
Residue 

Coarse Fine 

Weight 
grams 

Volume 
drams 

Weight 
grams 

% 
weight 

Volume 
drams 

% 

volume 
Weight 
grams 

% 
weight 

Volume 
drams 

% 
volume 

PfPl a° 
Road ditch in N: SW sec. 8, T. 11 S. , 

72. R. 9 ., Riley County 49.80 10 0.50 1.00 0.10 1.0 0.40 0.8 0.18 1.8 

PfpUR12 
Hillside in Si ii sec. 30, T. 10 S., . tog E., 

Riley County 
61.30 10 0.15 0.90 0.02 0.2 6.30 10.3 1.24 12.4 

prpull2 
Hillside in SW* sec. 30, T. 10 S., R. 9 E.. 

- Riley County 53.20 10 0.05 0.10 0.02 0.2 0.20 0.4 0.10 1.0 

PfPR14 
iliilside in St sec. 30, T. 10 S., R. 9 E., 
Riley County 57.55 10 0.05 0.08 0.02 0.2 9.15 3.7 0.50 5.0 

PfPW1 
Road cut in SWISWiSWI sec. 12, T. 11 S., 
11. 9 E., Wabaunsee County 

61.80 10 0.30 0.40 0.04 0.4 5.90 9.5 1.20 12.0 

Pfl-M2 

Road cut in SWSEiSILI sec. 26, T. 11 S., 
R. 11 E., Wabaunsee County 

58.00 10 0.10 0.20 0.06 0.6 6.80 11.7 1.30 13.0 

PfPF1' 
Road ditch in SkSW11-174- sec. 20, T. 9 Sop 

R. 11 E., Pottawatomie County 
57.55 10 1.65 2.80 0.30 3.0 4.05 7.0 1.20 12.0 

Fig. 3b. Sample data for Five Point limestone. 
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Constituent percentage of sample by volume 
lor fine 
residue 
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as a trace in some samples an replaces bryozoan and coral 

fragments. Aggregates of smooth, ordinary, white chert 

were found in a few samples and, in sample PfpT12, they form 

about 5 percent of the coarse residue. 

Correlation by Means of Insoluble Eesidues. Lamina- 

tion of the coarse residue of the Five Point limestone re- 

veals that no constituent which could be considered diagnostic 

for correlation appears in the residue of this limestone. The 

absence of silty-clay aggregates was noted but this character- 

istic can only be considered of negative value in correlation 

inasmuch as some sa.ples of other limestones also lack this 

residue constituent. 

The percentage volume of the total residue increases 

toward the east and north from southeastern hiley County from 

2.8 percent in Way County to 13.6 percent in Yabaunsee 
County an 15.0 percent in Pottawatemie County (Figs. 3b and 

3c). The same kind of variation in percentage volume is 

apparent in both the fine and coarse residues. it is thought 

that this variation is indication of a facies change in the 

limestone and might be of seise value in correlation when con- 

sidered along with other data. 

The use of wei3nt and percentage weight of coarse and 

fine residues for correlation of the samples was tried but 

proved valueless. 

The color of the fine residue of the Five Point limestone 
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is very similar to that of the Falls City limestone and, in 

Leneral, resembles the fine residues of other limestones 

(Fls. 3c and 4c). It is not considered significant for 

correlative purposes. 

The similarity in the constituent percenta,e by volume 

of th) coarse residues of samples PfpWl and Pfp1142 is notice- 

able and, on the basis of the samples examined, might be con- 

sidered as the typo coarse residue over a small area of 

northern 1abaunsee County (Fi;:. 3a). The rapid change in 

residue characteristics within a fee, miles of these outcrops 

would seem to restrict their usefulness on this basis to that 

area alone. 

The percentaLe volumes of coarse residues of sa ples 

PfpRlO and PfpR12 show some similarity and might prove 

useful for establishin a correlation in southeastern Riley 

County (Fig. 3a). The considerable difference between them 

and the samples obtained nearby in Wabaunsee County indicates 

the need for more data on the coarse residues in that area 

before they may be used with confidence. 

The 1,ive Point limestone in Pottawatomie County is 

represented by only 1 sample (Fig. 3a). The vast difference 

in its coarse residue as compared with the residue of other 

samples of the Five Point limestone makes it useless as a 

basis for correlation until more samples are obtained from 

Pottawatomie County. 



Falls City Limestone. The Falls City limestone under-. 

lies the West Branch shale and overlies the Hawxby shale 

(Fig. 2). 

Sampled Locations. Ten saiaplos of the Falls City 

limestone were collected during the study (Fig. 4a): 

Sample Type of 
number outcrop 

PfcR9 

PfcR10 

Pf cR21 

PfeW10 

PfcP2 

PfcP10 

PfcP12 

PfcP20 

PfcP24 

Pf c P25 

Stream bank 

Road ditch 

Road ditch 

Road ditch 

Hillside 

Stream bank 

Road ditch 

Road ditch 

Road ditch 

Road ditch 

Geographic location 

NE:IN VCOWi sec. 31, T. 10 S., 
R. 9 E., Riley County 

SWiNWiSki sec. 8, T. 11 S., 
R. 9 E., Riley County 

3E13 E NEi sec. 9, T. 11 S., 
R. 9 E., Riley County 

WillWiSEi sec. 8, T. 13 S., 
R. 13 E., Wabaunsee County 

SEiSVINWi sec. 5, T. 10 3., 
R. 12 E., Pottawatomie County 

SWillWiNWi sec. 8, T. 9 S., 
R. 9 r., Pottawatomie County 

SEiniNEI 
R. 11 E., 

SWiSWiSWi 
R. 11 F., 

sec. 19, T. 9 ., 

Pottawatomie County 

sec. 15, T. 7 S., 
Pottawatomie County 

SEiSEi3Ei sec. 25, T. 6 S., 
R. 11 E., Pottawatomie County 

SWiSEiSWi sec. 3, T. 8 3., 
R. 10 E., Pottawatomie County 

29 
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Lithologic Description. The Falls City limestone 

is porous and rather soft, has a microcoquina-like texture, 

and is fossiliferous. It is yellowish-gray, and weathers 

tan. The average thickness of the Falls City limestone is 

about 3 feet. 

Description of the Insoluble Residue. The total res- 

idue of this limestone comprises from 1.4 to 25.6 percent by 

volume of the original sample (Figs. 4b and 4c). The volume 

of the coarse residue ranges from 0.2 to 6.0 percent, and 

the volume of the fine residue varies from 1.0 to 20.8 per- 

cent. 

The color of the fine residue ranges from dark yellowish- 

orange to light olive-gray (Fig. 40). 

The major portion of the coarse residue consists of sand, 

silty clay, tubular silica, glauconite, and limonite. The 

percentage of these major constituents varies widely between 

samples (Fig. 4d). Sand, composed of very fine, anhedral, 

well-sorted quartz grains, is found in all samples and ranges 

from a trace in three samples to 100 percent of the coarse 

residue in sample PfcR10. Yellowish-brown, soft, porous, 

silty-clay aggregates compose 95 percent of sample PfcW10 and 

constitute significant percentages in samples PfcR21, PfcP20, 

and PfcP24. Silty-clay casts of ostracods, gastropods, and 

brachiopods were found in many of the samples. 



Sample 
number Location 

Sample 
Residue 

Coarse Fine 

Weight 
grams 

Vole 
drams 

10 

Weight 
grans 

2.35 

% 
weight 

3.90 

Volume 
drams 

C.41 

% 
volume 

4.8 

Weight 
grams 

12.20 

% 
weight 

20.1 

Volume 
drams 

2.08 

% 
volume 

20.8 Pfca 9 
Stream cut in ilk sec. 01, 10 3., 
R. 9 E., Riley County 60.65 

Pfea10 
Road ditch in NW78Wi- sec. 8, T.11 S., 
R. 9 E., Ailey County 58.25 10 2.75 4.70 0.60 6.0 7.05 12 .1 1.28 12.8 

Pfc121 
Road ditch in SqSEiNEi sec. 9, T. 11 S., 
R. 9 E., Riley County 60.55 10 0.15 0.20 0.08 0.8 7.65 10.9 1.40 14.0 

PfcW10 
Road ditch in WITIliaii- sec. 0, T. 13 S., 
R. 13 1-',do, Wabaunsee County 59.40 10 0.10 0.16 

1 

0.10 1.0 6.95 11.7 1.60 16.0 

Pfcr2 
Hillside in SE-,7;31,1iNli sec. 5, T. 10 S., 
R. 12 E., Pottawatonie County 46.50 10 0.10 0.20 0.02 0.2 0.75 1.6 0.20 2.0 

PfcP10 
Stream cut in SII.07.1-..1-7.1. sec. 8, T. 9 -,., 

Ro 9 7J., Pottauutonie County 51.:;- 10 0.10 0.20 0.04 0.4 0.33 0.7 0.10 1.0 

Pfal2 
Road ditch in SE:74-,i-1,1EL sac. 19, T. 9 S., 
R. 11 E., Pottawatol-lie County 54.43 10 0.10 0.20 0.04 0.4 0.',0 0.7 0.10 1.0 

PfcP20 
Road ditch in SILISW::;SWi- sec. 15, T. 7 3*, 
R. 11 E. Pottawatorde County , 

57.70 10 C .30 0.50 0.18 1.8 .25 2.2 0.22 2.2 

Pici24 
Road ditch in SE,IZEiSEI sec. 25, T. 6 S., 
a. 11 E., Pottawatomie County 52.10 10 0.30 0.60 0.14 1.4 0.75 1.4 0.18 1.8 

rfa-P-15- 
Road ditch in SW,1-3E-i-SW,-1- sec. 3, T. 8 S., 
R. 10 E., Pottawatomie County 59.75 10 0.03 0.05 0.02 

r- 

0.2 2.05 3.4 0.40 4.0 

Fig. 4b. Sample data for Falls City 1-11.:-ostoue. 

CA 
to 
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Tubular silica makes up a large portion of many of the 

residues. Most of the glauconite is present as a replacement 

of corals, sponge spicules(?), and foraminifers. A large 

part of the coarse residue of sample PfcP10 is composed of 

octahedral limonite crystals pseudomorphic after pyrite. 

Irregular-shaped masses of limonite occur in minor quantities 

in a few of the other samples. Fibrous, reddish-orange to 

colorless celestite was found in samples PfcP12 and PfcP25. 

There is about 5 percent of soft, white, chalky chert in 

sample PfcW10, and about 10 percent of hard, smooth, ordinary, 

white chert, which contains abundant dolomolds, in sample 

PfcP2. Only traces of pyrite and a minor percentage of small 

flakes of muscovite occur in the residues of this formation. 

A distinctive feature of some of the samples is the presence 

of well-preserved silicified ostracods and coiled foraminifers 

identified as being of the Family Ammodiscidae. 

Correlation by Means of Insoluble Residues. Careful 

investigation of the coarse residue of the Falls City lime- 

stone fails to identify any single residue component that 

would serve to distinguish this limestone from certain others 

in the section studied. 

It was noted that there is a distinctive difference in 

the percentage volume of the total and fine residues between 

the samples from Riley and Pottawatomie Counties. The percen- 

tage volume of the total residue of samples from Riley County 
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ranges from 14.8 to 25.6 percent but for samples from 

Pottawatomie County it comprises only 1.4 to 4.2 percent of 

the original samples (Figs. 4b and 4c). The percentage vol- 

ume of the fine residues of samples from Riley County varies 

from 14.0 to 20.8 percent whereas those from Pottawatomie 

County constitute only 1.0 to 4.0 percent of the original 

sample. This difference does not appear in the percentage 

volumes of the coarse residues. Differences in percentage 

volume of the total and fine residqes would probably be of 

value for correlation when combined with other residue data. 

Weights and percentage weights of the residues of samples 

from the two counties show a difference somewhat similar to 

that apparent in the percentage volume of the residues. Their 

use would probably be very limited in correlation. 

The color of the fine residues of the Falls City lime- 

stone is very similar to that of the Five Point limestone 

(Figs. 3c and 4c). It is not considered of value for pur- 

poses of correlation. 

The use of the constituent percentage of coarse residue 

by volume as a means of correlating the Falls Cit's limestone 

is not indicated. The only samples of the Falls City lime- 

stone that show any similarity is constituent percentage of 

coarse residue by volume are samples PfcP20 and PfcP24 

(Fig. 4a). The difference in percentages of the constituents 

of these two samples is enough to allow them to be confused 

with Jim Creek limestone residue (Fig. 8a). 
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Aspinwall Limestone. The Aspinwall limestone underlies 

the Hawxby shale and overlies the Towle shale (Fig. 2). It 

is the lowermost limestone in the Admire Group and the 

Permian System. 

Sampled Locations. Lie,ht samples of th e Aspinwall 

limestone were studied in this investigation (Fig. 5a): 

Sample Type of 
number outcrop Geographic location 

PaR10 Road ditch SW;1NWS J sec. 8, T. 11 S., 
R. 9 E., Riley County 

PaR19 Stream bank SEiNWiNEi sec. 31, T. 10 S., 
R. 9 L., Riley County 

PaW3 Road cut NiNEiNW4-1- sec. 35, T. 11 S., 
Re 12 E., Wabaunsee County 

PaW6 Road ditch IlEiSEiSEi sec. 12, T. 12 S., 
R. 12 E., Wabaunsee County 

PaP5 Road cut' SWiSW.iSEI sec. 32, T. 8 S., 
R. 10 E., Pottawatomie County 

PaP9 Stream bank SW4NEiSEi sec. 4, T. 9 S., 
R. 9 E., Pottawatomie County 

PaP15 Road ditch SWiSEiSEI sec. 6, T. 8 3., 
H. 11 E., Pottawatomie County 

PaP19 Stream bank NWiSWiNWi sec. 22, T. 7 S., 
R. 11 E., Pottawatomie County 
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Lithologic Description. The Aspinwall limestone is 

usually massive, hard, and fossiliferous. It is yellowish 

brown, and weathers yellowish gray. Locally it resembles 

the Falls City limestone. Clay balls and limonite stains are 

scattered throughout this formation, and its average thick- 

ness is about 2 feet. 

Description of the Insoluble Residue. The total reed.. 

due of the Aspinwall limestone comprises from 7.8 to 33.4 pers. 

cent by volume of the original sample (Figs. 5b and 5c). The 

volume of the coarse residue varies from 0.2 to 18.0 percent, 

and the volume of the fine residue constitutes from 3.8 to 

17.8 percent of the sample. 

The color of the fine residue ranges from dark yellowish 

orange to yellowish gray (Fig. 5c). 

The outstanding feature of the coarse residues of this 

limestone is the consistently high percentage of sand present 

in most samples (Fig. 5d). The constituent percentages of 

sand and the minor materials, muscovite and silty clay, are 

similar in several of the samples (Figs. 5a and 5d). The sand 

is composed of very fine, anhedral, well-sorted grains of 

quartz and, in most of the samples, is stained by limonite. 

Small aggregates of quartz grains cemented with silica or 

limonite were noted in a few samples. The quantity of sand 

varies from about 30 to 90 percent by volume of the coarse 

residues. Small flakes of muscovite with rounded edges compose 



Sample 
number Loc-stion 

Sample 
Residue 

Coarse Fine 

Weight 
grams 

Volume 
drains 

Weight % 

grams weight 
Volume % 
drams volume 

Weight 
grams 

% 

weight 
Volume 
drams 

% 
volume 

Road ditch in NWISWi- sec. " T. 11 S., 
PaR10 R. 9 E., Riley County 59.20 10 10.15 17.10 1.80 18.0 7.30 12.3 1.54 15.4 

Stream cut in NUI-NEi sec. 31, T. 10 S., 
PaR19 R. 9 E., Riley County 57.40 10 0.20 0.40 0.40 4.0 1.50 2.6 0.38 3.3 

Road cut in *NE,NWi sec. 35, T. 11 S., 
PaW3 

R. 12 E., Wabaunsee County 
51.10 10 0.05 0.10 0.02 0.2 5.00 9.3 1.00 10.0 

PaW6 
Road ditch in NE4SE.1Sai sec. 12, 2. 12 S, 
R. 12 E., Wabaunsee County 

54.70 10 6.25 11.40 1.14 11.4 S.S0 16.1 1.60 16.0 

Road cut in saisJizsi sec. 32, T. 8 S., 
PaP5 

R. 10 E., Pottawatomie County 
59.05 10 3.15 5.30 0.64 6.4 7.25 12.3 1.46 14.6 

PaP9 
Stream cut in S.ii-NEiSE.I. sec, 4, T. 9 S, 
R. 9 E., Pottawatomie County 

55.70 10 2.65 4.70 0.52 5.2 E.20 14.7 1.76 17.6 

PaP15 R. 11 atomie 

SWiSEiSEI- 

Coun ty 
sec. 6, T. C S. Road ditch in 

E., Pottaw 
56.00 10 5.15 9.20 0.96 9.6 7.60 13.6 

1307 

1.60 

1.40 

16.0 

14.0 PaP19 
Stream cut in NWiSWiNVi sec. 22, T. 7 S., 

R. 11 E.,, Pottawatomie County 
54.45 10 2,00 3.70 0,12 

i 1.2 7.45 

Fig. 5b. Sample data for Aspinwall limestone. 
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about 5 percent of most of the samples. Although tubular 

silica was found as a trace in most samples, it constitutes 

nearly one-third of the coarse residue in sample PaR19. 

Small, soft, porous, yellowish-brown, silty clay aggregates 

are found in all samples. 

Saple PaW3 is distinctive in its high percentage of 

fossils, principally siliceous and silty-clay casts of 

ostracods and gastropods. About 10 percent of the coarse 

residue of this sample is composed of fine-granular, soft, 

white chert with abundant dolomolds. A trace of dark-brown 

limonite, apparently concretionary, was found in one sample. 

Some of the silty-clay fossil casts in PaW3 appear to be 

partly limonitic. 

Correlation by Means of Insoluble Residues. No single 

diagnostic residue is present in the coarse residue of the 

Aspinwall limestone. 

The constituent percentage by volume of the total res- 

idues and the weights and percentage weights of the total 

residue show some relationship in a few samples but it is 

doubtful if this will prove of any real value as a basis for 

correlation. 

Tho color of the fine residue of the Aspinwall limestone 

is much like that of the Brownville limestone (Pigs. 5c and 

6c). It is considered of no value for correlation. 

The constituent percentages of tho coarse residue by 
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volume of most sw1ples of this limestone are similar (Fig. 5a). 

It is also to be noted that glauconite is not present, and 

that the percentage of lim,Jnite is very low in all samples. 

The variant patterns of two of the samples (PaR19 and PaW3) 

are due to minor local differences in lithology. On the basis 

of the samples examined, the Aspinwall limestone can be cor- 

related through the use of the constancy of its constituent 

percentage of coarse residue by volume. 

Pennsylvanian System 

Seven limestones of thej,abaunsee Group (Pennsylvanian 

System) were sampled during this investigation. They are, 

from youngest to oldest, the Brownville, Caneyville, Jim 

Creek, Grandhaven, Dover, Maple Hill, and Tarkio limestones 

(Fig. 2). 

Brownville Limestone. The Brownville limestone is the 

youngest limestone of the Wabaunsee Group. It underlies the 

Towle shale of Permian age and overlies the Pony Creek shale 

(Fig. 2). 

Sampled Locations. Eighteen samples of the Brownville 

limestone were collected and analyzed (Fig. 6a): 



Sample 
number 

CbR10 

CbR22 

CbW3 

CbW6 

CbW7 

CbW8 

CbW10 

CbW13 

CbUP2 

CbUP3) 
CbLP3) 
CbP3 ) 

CbP5 

CbP9 

Cb P11 

CbP15 

CbP19 

CbP23 

Type of 
outcrop 

Road ditch 

Stream bank 

Road cut 

Road ditch 

Roadcut 

Road cut 

Road ditch 

Stream bank 

Hillside 

Road cut 

Roadcut 

Stream bank 

Road ditch 

Road ditch 

Stream bank 

Road ditch 

Geographic location 

SWiNWiSWi sec. 8, T. 11 S., 
R. 9 E.* Riley County 

NW1SWiNW?i sec. 9, T. 11 S., 
R. 9 E., Riley County 

NNE-NW i sec. 35, T. 11 So, 
R. 12 E., Wabaunsee County 

NEiSEiSEi- sec. 12, T. 12 3., 
R. 12 E., Wabaunsee County 

SWiSEiNWi sec. 32, T. 12 S., 
R. 13 E., Wabaunsee County 

NEiNEiSEi sec. 32, T. 12 S., 
R. 13 E, Wabaunsee County 

WiNWeSEi sec. 8, T. 13 S., 
R. 13 E.) Wabaunsee County 

Center of 
R. 13 E., 

SZIS iNWi 

Center of 
E. 12 E., 

SWiSWiSEi 
R. 10 E., 

SWiNEiSEi 
R. 9 E., 

NWiSWiNWi 
R. 10 B., 

SWiSEiSEi 
R. 11 E., 

NW- S11?-ini 

R. 11 E., 

SEiSEiNEi 
R. 11 E., 

sec. 29, Ti 11 S., 
Wabaunsee County 

sec. 5, T. 10 S, 
Pottawatomie County 

NWSW sec. 4, T. 10 S., 
Pottawatomie County 

sec. 32, T. 8 
Pottawatomie County 

sec. 4, T. 9 S., 
Pottawatomie County 

sec. 24, T. 9 S., 
Pottawatomie County 

sec. 6, T. 8 S., 
Pottawatomie County 

sec. 22, T. 7 S., 
Pottawatomie County 

sec. 13, T. 6 S., 
Pottawatomie County 

45 
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Lithologic Description. The Brownville limestone is 

rather hard and has an earthy appearance. It is tan to light 

brown, and weathers light gray. A prominent zone of Marvin- 

ifera is usually present. The average thickness of this 

limestone is about 2 feet. 

Description of the Insoluble Residues. The total res- 

idue of this limestone ranges from 6.2 to 21.8 percent by vol- 

ume of the original sample (Figs. 6b an 6c). The volume of 

the coarse residue constitutes from 0.2 to 3.4 percent, and 

the volume of the fine residue comprises from 5.8 to 20.0 per.. 

cent of the original sample. 

The color of its fine residue ranges from dark yellowish 

orange to yellowish gray (Fig. 6c). 

The coarse residue of this limestone shows a high per- 

centage of soft, porous, yellowish-brown, silty clay (Fig. 

6d). Glauconite and tubular silica are present in consid- 

erable amounts in many of the samples, and three of them 

contain chert. The sand content of the samples, as a whole, 

is relatively low; however, in a few samples it appears as 

a principal constituent. The soft, porous, yellowish-brown, 

silty clay is in the form of aggregates and, in a few samples, 

as casts of ostracods. Dark-green glauconite occurs in rounded 

grains and as the replacement of gastropods, corals, brachio- 

pod spines(?), and sponge spicules(?). The white, chalky 

chert of sample CbR1O is the replacement of plates and spines 



Sanple 
number Location 

Sample 
Residue 

Coarse Fine 

Weight 
grans 

51.40 

Volume 
dram 

10 

Weight' 

grans 

0.35 

% 
weight 

0.68 

Volume 
drams 

0.10 

% 
volume 

1.0 

WeightI 
grams 

2.50 

% 
weight 

4.9 

Volume 
drams 

0.58 

% 
volume 

5.8 CORI.° 
Road ditch in NWiSW:t sec. 8, T. 11 S., 
R. 9 E., Riley County 

CbR22 
Stream cut in /114-111.4 sec. 9, T. 11 S., 

R. 9 E., Riley County 60.00 10 0.20 0.33 0.08 0.8 4.65 7.8 1.00 10.0 

CbW3 
Road cut in NiNEirde sec. 35, T. 11 S., 
R. 12 E., Wabaunsee County 55.10 10 0.10 0.18 0.04 0.4 6,50 11.8 1.58 15.8 

Cb416 
Road ditch in NEkSiii-SEi- sec. 12, T. 12 S., 
R. 12 E., Wabaunsee County 53.40 10 0.10 0.18 0.04 0.4 7.50 14.0 1.80 18,0 

CbW7 
Road cut in SWiSEINVi sec. 32, T. 12 S., 
R. 13 E., Wabaunsee County 58.90 10 0.15 0.25 0.14 1.4 8.73 14.8 1.00 10.0 

CbW8 
Road cut in NE '.-SEi sec. 32, T. 12 S., 
R. 13 E., Wabaunsee County 57.85 10 0.05 0.08 0.02 0.2 6.30 10.9 1.50 15.0 

CbW10 
Road ditch in WINWiSEi sec. 8, T. 13 S., 
R. 13 E., Wabaunsee County 60.95 10 0.40 0.65 0.16 1.6 7.40 12,1 1.60 16.0 

CbW13 
Stream cut in center sec. 29, T. 11 S, 
R. 13 So, Wabaunsee County 

61.50 10 0.25 0.41 0.16 1.6 8.00 13.0 2.00 20.0 

CbUP2 
Hillside in SE-SWi-NW-i- sec. 5, T. 10 Sop 
R. 12 Z., Pottawatomie County 56.40 

57.10 

55.35 

10 

10 

t 

0.05 0.09 0.02 0.2 4.70 8.3 0.98 9.8 

CbUP3 
Road cut in center NWiSWi. sec. 4, T. 10 S. 

1 
R. 12E., Pottawatomie County 0.05 0.09 0.02 0.2 3.70 6.5 0.80 8.0 

CbLP3 
Road cut in center NWfSii sec. 4, T. 10 S. 

R. 12 E., Pottawatomie County 1 10 0.05 0.09 0.02 0.2 1.00 18.1 0.22 2.2 

CbP3 
Road cut in center NUS41 sec. 4, T. 10 S. 

' R. 12 E., Pottawatomie County 55.55 10 0.05 0.09 0.02 0.2 2.40 4.3 0.60 6.0 

CbP5 
Road cut in SW SW sec. 32, T. 8 S., 
R. 10 E., Pottawatomie County 58.20 10 0.45 0.77 0.12 1.2 6.50 11.2 1.70 17.0 

CbP9 
Stream cut in SWillEiSEi sec. 4, T. 9 S., 

R. 9 E., Pottawatomie County 54.90 10 0.10 0.18 0.04 0.4 9.00 16.4 1.84 18.4 

CbP11 
Road ditch in NWiSWiNVi sec 24, T. 9 S., 
R. 10E., Pottawatomie County 56.20 10 0.20 0.35 0.10 1,0 8.35 14.9 1.72 17.2 

CbP15 
Road ditch in SW41-SE igq sec. 6, T. 8 S., 
R. 11 E., Pottawatomie County 55.45 10 0.65 1.17 0.34 3.4 7.30 13.2 1.60 16.0 

CbP19 
Stream cut in NWiSWiNWi sec. 22, To 7 S., 
R. 11 E., Pottawatonie County 56.10 10 0.20 3.56 0.06 0.6 5.70 10.2 1.22 12,2 

Road ditch in SEiSEiNEi sec. 13, T. 6 
Soy 
, 

R, 11 E., Pottawatomie County 59.10 10 0.10 0.17 0.04 0.4 8.90 15.1 1.80 18.0 

Fi. 6b. Sample data for Brownville limestone. 



Sample 
number 

Constituent percentage of sample by volume 
Color fine 
residue 

CbR10 

CbR22 

CUW3 

CbW6 

CbW7 

Cb7.1C, 

Ch CLO 

cba3 
- 

CbUF2 

CbUP3 

CbLF3 

CbF3 

CbF5 

CbF9 

CbP15 

CbP19 

CbP23 

' 41.47 ;',EMMNMMM 

5 Y 7/2 

5 Y 7/2 

5 Y 8/1 

EMMEN...MEM" 10 YR 7/4 

,V AMM.M.MMMEMMMMEMM - 

' 10 YR 6/6 

5 Y 8/1 - 

EMMMUMMMEM 
LEMMEEMM 

A' M EMEN 
' ,IMEME MENNOME 

10 YR 6/6 

10 YR 6/6 

4RMTUTOT 
5 Y 6/1 

10 YR 6/6 

3!11 6/6 

.ANUMMIEMMEMMMMMENI 

41.4" AMEMEME, M. ME 

10 YR 6/6 

10 YR 6/6 

5 Y 7/2 

10 YR 6/6 

10 YR 6/6 

K ,' ',,INEMEMMEMMME 

Coarse residue A 

50 5 100 

Fine residue 

Fig. 6c. Constituent percentage of sample by volume of Brownville limestone. 

Soluble carbonates 
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of Echinocrinus, brachiopod fragments, and foraminifers. 

The white, granular chert found in Samples CbUF2 and CbUP3 

is a replacement of ostracods end also occurs in masses 

characterized by abundant dolomolds. The sand, composed of 

very fine, anhedral, well-sorted grains of quartz, is mostly 

confined to those samples in which it appears in measurable 

amounts. There Is a minor &mount of limonite in a few samples 

in which it appears as euhedral cubical and octrahedral 

crystals, crystal aggregates, and druses pseudomorphic after 

Pyrite. A. few concretionary nodules of limonite were also 

noted. 

Correlation by Means of Insoluble Pesidues. The Brown- 

ville limestone lacks a single diagnostic residue which can 

be used in correlation. 

Most of the samples collected in Pottawatomie County 

contain from 18.2 to 19.4 percent total residue by volume, 

but the divergence (12.2 percent) exhibited by sample CbP19 

limits the usefulness of this characteristic in correlation 

(Figs. 6b and 6c). 

The percentage weights of total residue range widely 

from 11.97 to 16.58 percent (Fig. 6b). 

The color of the fine residue is similar to that of the 

Aspinwall limestone and is therefore not considered to be a 

useful characteristic (Figs. 5c and 6c). 

Samples CbW7, CbW8, and CbW10, all from Wabaunsee County, 
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show some similarity in the constituent percentage volumes 

of coarse residue. However, the difference in coarse res- 

idue percentages in samples CbW3, CbW6, and CbW13 from out- 

crops a few miles north must necessarily limit their anplica- 

tion as a type coarse residue for correlation (Fig. 6a). 

In Pottawatomie County, another group of samples with 

similar constituent pereentar;e residues by volume was noted 

(Fig. 6a). The percentages of samples CbP23, CbP15, CbP5, 

and CbP11 might be used as a type suite for that part of 

Pottawatomie County at least. It would probably be advan- 

tageous to use the percentage of total residue by volume as 

a supplemental basis for correlation. 

In the examination of the insoluble resudues of the 

Brownville limestone it was noted that, in general, a high 

percentage of silty clay aggregates is associated with a 

virtual absence of muscovite flakes. Correlation of sample 

CbUP2 with sample CbUP3 can be based on the white, granular 

chert which appears in both residues. 



Caneyvillo Limestone. The Caneyville limestone under- 

lies the Pony Creek shale and overlies the French Creak 

shale (Fig. 2). 

Sampled Locations. Ten scvaples were obtained from 

6 outcrops of the Caneyville limestone (Fig. 7a): 

Sample Typo of 
number outcrop Geographic location 

CcvUR20) 
CcvLR20) Stream bank 3WSEi3W-1 sec. 6, T. 11 3., 
CevR20 ) R. 9 E., Riley County 

CcvW8 Road cut NEiNEiSEi sec. 32, T. 12 S., 
R. 13 ., Vabaunsee County 

CcvW10 Road ditch WINWiSEi sec. 8, T. 13 S., 
R. 13 E., v;abaunsee County 

CovUW13) 
CevLW13) Stream bank 
CcvWl3 ) 

CoVP9 Stream bank 

CcvP15 Road ditch 

Center of sec. 29, T. 11 S., 
R. 13 E., Wabaunsee County 

SWiNEiSEi sec. 4, T. 9 S., 
R. 9 'Z., ?ottawatomie County 

SWSESE sec. 6, T. 8 S., 
R. 11 E., Pottawatomie County 

53 





55 

Lithologic Description. The Caneyville limestone 

consists of a limestone at the top and a highly calcareous 

zone near the base separated by a shale bed. The limestone 

is relatively hard, tan, and weathers yellowish gray. The 

lower calcareous zone is hard, platy, and argillaceous. It 

is dark gray, and weathers tan gray. The intervening, shale 

bed is thin-bedded, calcareous, and gray. The average thick- 

ness of tile upper limestone is 2 feet, and the lower cal- 

careous zone averages about a foot thick. The total thick- 

ness of the formation is about 9.5 feet. 

Description of the Insoluble Residues. The total 

residue of this limestone ranges from 2.4 to 20.5 percent by 

volume of the original sample (Figs. 7b and 7c). The volume 

of the coarse residue varies from 0.4 to 6.2 percent, and the 

volume of the fine residue constitutes from 1.6 to 15.5 per- 

cent of the sample. 

The color of the fine residue ranges from grayish 

orange to olive Gray (Fig. 7c). 

The coarse residues consist of varying amounts of sand, 

celestite, pyrite, limonite, fusain, tubular silica, 

glauconite, silty clay, and muscovite. Sand, composed of 

very fine, anhedral, veil-sorted grains of quartz, is the 

most abundant constituent of the coarse residues (Fig. 7d). 

Celestite, in the form of colorless to lic±t-orange bladed 

crystals, appears in most of the samples and forms 95 percent 



Sample 
number Location 

Sample 
Residue 

Coarse Fine 

Weight 
grams 

Volume 
drams 

Weight 
grnms 

% 
weight 

Volume 
drams 

% 

volume 
Weight 
crams 

% 
weight 

Volume 
drams 

% 
volume 

CovUR20 
Stream cut in SE SW sec. 6, T. 11 S., - 

R. 9 E., Riley County 59.75 10 9.45 15.81 1.48 14.8 6.55 10.9 1.20 12.0 

CcvLR20 
Stream cut in SE:17SW1 sec. 6, T. 11 S., 
R. 9 E., Riley County 56.70 10 0.55 0.97 0.40 4.0 14.55 25.7 3.78 37.8 

Cc-4120 
Stream cut in SEiSU:g. sec. 6, T. 11 3., 

R. 9 E., Riley County 57.20 10 2.90 5.06 0.50 5.0 7.65 13,4 1.55 15.5 

CciA18 
Road cut in Ns:ovizsi- sec. 32, T. 12 S., 
R. 13 E., Walmunsee County 57.60 10 0 2 .5 0.43 0.08 0.8 0.53 0.9 0.16 1.6 

0C-4110 
Road ditch in WI!,74.3%-- sec. 8, T. 13 S., 
R. 13 E., Wabaunsee County 60.45 10 0.20 0.33 0.04 0.4 2.30 3.6 0.42 4.2 

CevW13 
Stream :vat in center S3C. 29, T. 11 S., 
R. 13 E., Wabaunsee County 58.20 10 0.55 0.95 0.16 1.6 3.15 5.4 0.60 6.0 

CcvLW13 
Stream cut in center sec. 29, T. 11 S, 
R. 13 E., Wabaunsee County 59.60 10 1.40 2.35 0.2/, 2.4 4.30 7.2 1.16 11.6 

Ccv"113 

Stream out in canter sec. 29, T. 11 S., 
R. 13 E., Wabaunsee County 58.95 10 0.75 1.27 0.10 1.0 2.45 4.2 0.58 5.8 

0CvP9 
Stream cut in .4:;7Vi-324 sec. 4, T. 9 S., 
R. 9 E., Pottawatomie County 

59.90 10 4.60 7.68 0.62 6.2 3.90 6.5 0.86 8.6 

CcvPl5 
Road ditch in S',1SESCI- sec. 6, T. n s., 
R. 11 E., Pottawatomie County 56.70 10 0.10 0.17 0.04 0.4 5.90 10.4 1.42 14.2 

Fig. 7b. Sample data for Caneyville limestone. 

Oi 
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Fig. 7c. Constituent percentage of sample by volume. of Caneyville limestone. 
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of the sample CcvP9. Pyrite constitutes about 45 percent of 

sample CcvW13. It is also present in other samples as 

euhedral cubical and octahedral crystals, crystal aggregates, 

drusy masses, and as the replacement of fusain. Limonite 

composes 50 percent of sample CcvW8 and is in the form of 

concretionary nodules. In a few of the other samples, the 

limonite is in crystals pseudomorphic after pyrite. 

Fusain is present in samples CovLW13 and CovW13 and is 

in the form of small, black, shiny, porous fragments. A few 

microscopic spore cases are found associated with the fusain. 

Tubular silica and small muscovite flakes are present 

in most of the samples. Glauconite is found only in sample 

CcvW10 in which it appears as a light-green grain and forms 

15 percent of the sample. No replacement of fossils by 

glauconite was noted. Yellowish-brown and pale-yellow, soft, 

porous, silty-clay aggregates were observed as traces in a 

few of the samples. 

Correlation by Means of Insoluble Residues. The in- 

soluble residues of the Caneyville limestone are typified by 

their high percentages of celestite, fusain, pyrite, limonite, 

or sand. No one residue appears consistently enough, however, 

to be classed as the characteristic residue over a wide area 

(Fig. 7a). 

It was noted that the percentage volume of total residues 

is 20.5 percent in Riley County, 14.6 to 14.8 percent in 
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Pottawatomio County, and 2.4 to 6.8 percent in Wabaunsee 

County (Figs. 7b and 7e). This variation is based on analyses 

of only 6 samples and should therefore be used with caution. 

The weights and percentage weights of the residues are 

considered to be so variable that they are of no value in 

correlation. 

The color of the fine residue of this limestone is sim- 

ilar to the color of the fine residues of several other 

limestones and is not a useful basis for correlation (Fig. 7c). 

The constituent percentages of coarse residue by volume 

of this limestone are too variable to be of use. 

Jim Creek Limestone. The Jim Creek limestone underlies 

the French Creek shale and overlies the Friedrich shale 

(Fig. 2). 

Sampled Locations. Only four outcrops of the Jim 

Creek limestone were found in the area covered by this in- 

vestigation (Fig. 8a): 

Sample Type of 
number outcrop Geographic location 

CjcR8 

CjeR20 

CjeW15 

CjcPl6 

Stream bank 

Stream bank 

Stream bank 

Road ditch 

912NW4NE1 sec. 9, T. 11 S., 4 4 4 
R. g E., Riley County 

SWiSEiSWi see. 6, T. 11 S., 
R. 9 E., Riley County 

NEiNWiSWi 
R. 13 Ego, 

NW;1NENEi 
R. 11 E., 

sec. 33, T. 12 S., 
Wabaunsee County 

sec. 7, T. 8 S., 
Pottawatomie County 

60 





62 

Lithologic Description. The Jim Creek limestone is 

hard, massive, and appears slightly crystalline. It is 

bluish gray, and weathers gray. Fossils of brachiopods and 

crinoid columnals were observed in this limestone, and its 

average thickness is about 1.5 feet. 

Description of the Insoluble Residues. The total res- 

idue of this limestone ranges from 7.8 to 14.6 percent by 

volume (Figs. 8b and 8c). The volume of the coarse residue 

varies from 0.2 to 1.8 percent, and the volume of the fine 

residue comprises from 7.6 to 14.0 percent of the original 

sample. 

The color of the fine residue ranges from yellowish 

gray to light olive gray (Fig. 8c). 

The coarse residue consists mainly of sand, soft, porous, 

yellowish-brown, silty clay aggregates, tubular silica, and 

pyrite (Fig. 8d). The sand is composed of very fine, 

anhedral, well...sorted grains of quartz, and forms from 20 to 

55 percent by volume of the coarse residue. Silty-clay 

aggregates are present in amounts ranging from 40 to 70 per- 

cent by volume. About 5 percent of the coarse residue con- 

sists of tubular silica. There are small crystal aggre- 

gates and very small euhedral octahedrons of pyrite in sample 

CjeR20. In sample CjcW15, the pyrite is present predominantly 

as a replacement of fossils; corals, sponge spicules(?), 

bryozoans, and foraminifers are the forms replaced. Small 



Sal plc 

number Loc,%tion 

Sample 
Residue 

Coarse Fine 

Weight 
gr-n2 

Volume 
drams 

Weight 
-:rnni 

% 
weir:ht 

Volune 
drans 

% 

vel'ine 

Weight 
grams 

% 
weight 

Volume 
drams 

% 
volume 

Cfc ' 3.8 
Strear cut in NW;trzi sec. 9, T. 11 S., 

County R. 9 E., Riley Count 
57.10 10 0.10 0.17 0.06 0.6 5.80 10.2 1.40 14.0 

0720 
Stream cat in S%SiNf: soc. 6, T. 11 S., 

R. 9 E., Riley County 
' .70 10 0.3 5 0.59 0.1 8 1.8 55 5.35 9.1 1.20 12.0 

Q,7cW15 
Stream cut in ME.t7P-SW;4 sec. 33, T. l'' - - 3 p 

R. 13 E., Wabaunsee County 
59.70 10 0.25 0.42 r, .10 _. 1.0 4.50 7.5 0.96 9.6 

CcP16 

. 

71.0A ditch in rli,::1- sec. 7, T. g S., 
L. 11 E., Pottawatonie County 

60.05 10 0.15 0.25 0.02 0.2 3.55 5.9 0.76 7.6 

81). Sarfple data nor Jim C:ech liLestone. 



Constituent percentage of sample by volume 

Cjed15 

Coarse residue Fine residue 

Fig. 8c. Constituent percentage of sample by volume of Jim. Creek limestone. 

Soluble carbonat;;..; 
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flakes of muscovite with rounded outlines, dark-green 

glauconite brains, and aggregates of limonite crystals 

psoudomorphic after pyrite are sparsely distributed through- 

out the samples. 

Correlation by Means of Insoluble Residues. There is 

no single residue constituent of the Jim Creek limestone that 

may be considered diagnostic. The percentage of total residue 

by volume varies from 13.8 to 14.6 percent in Riley County 

to 10.6 percent in Wabaunsee County to 7.8 percent in 

Pottawatomie County (Figs. 8b and 8c). A similar variation 

is apparent in the percentage volumes and the percentage 

weights of the fine residue. These data are based on the 

examination of only 4 samples and decision as to the depend- 

ability of this variation must be withheld until further in- 

formation is available. 

The color of the fine residue of the Jim Creek limestone 

resembles the color of the fine residues of several other 

limestones and is of no value in correlation (Fig. 8c). 

The constituent percentage of coarse residue by vol- 

ume is unusual in that all of the samples show similar 

coarse-residue percentages (Fig. 8a). The percentages of 

constituent residues in sample CjeR20 are somewhat different 

than those of the other samples but the over-all similarity 

is apparent. 



Grandhaven Limestone. The Grandhaven limestone under- 

lies the Friedrich shale and overlies the Dry shale (Fig. 2). 

Sampled Locations. Suitable outcrops of the Grand- 

haven limestone were found in 5 places 

Sample 
number 

Type of 
outcrop 

(Pic. 9a): 

Geographic location 

CgUR7) 
CgLR7) Road cut NW-INE*SWi sec. 
CgR7 ) R. 9 E., Riley 

CgR11 Road ditch SWiSEiNW* sec. 
E. 9 E., Riley 

CgR18 Road cut 

CgW9 Road ditch 

CgWll Road ditch 

SW-1SEiSEi see. 
R. 9 E., Riley 

NEiNWiSWi 
R. 13 E., 

SE -SW 

R. 13 E., 

30, T. 10 S., 
County 

9, T. 11 S., 
County 

6, T. 11 S., 
County 

sec. 34, T. 12 S., 
Wabaunsee County 

sec. 30, T. 11 S., 
Wabaunsee County 
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Lithologic Description. The 6randhaven limestone 

is hard and massive, and is argillaceous in its lower part. 

There is a thin greenish-gray shale in the middle of this 

limestone which separates it into two limestones, each about 

a foot thick. brachiopods and crinoids were noted in this 

formation, and its average thickness is about 2 feet. 

Description of the Insoluble Residues. The total 

residue of this limestone is from 10.2 to 19.4 percent by 

volume of the total sample (Figs. 9b and 9c). The volume of 

the coarse residue comprises from 0.2 to 6.0 percent of the 

total sample, and that of the fine residue, from 10.0 to 16.0 

percent. 

The color of the fine residue ranges from dark yellow- 

ish orange to light olive gray (Fig. 9e). 

The coarse residue consists of varying amounts of soft, 

porous, yellowish-brown, silty-clay aggregates, tubular 

silica, sand, limonite, and pyrite (Fig. 9d). Silty-clay 

aggregates constitute the major portion of the coarse resi- 

dues but are noticeably absent from sample C049. A large 

proportion of the silty clay in sample Ceill is in the form 

of casts of crinoid columnals, brachiopod fragments, sponge 

spicules(?), and gastropods. Silty-clay casts of ostracods were 

noted in sample CgLR7. Tubular silica is present in all samples 

but only as a trace in samples CgLR7 and CgW11. sand, composed 



Sample 
number Location. 

Sample 
Residue 

Coarse Fine 

Weight 
grans 

Volume 
drams 

Weight 
prams 

0.10 

% 
weight 

0.16 

Volume 
drams 

0.02 

(;*; 

volume 

0.2 

Weight 
grams 

5.20 

% 
weight 

8.6 

Volume 
drams 

1.10 

% 
volume 

11.0 C0117 
Road cut in NE1SWi sec. 30, T. 10 S., 
R. 9 E., Riley County 60015 10 

CgLR7 
Road cut in lEiswi sec. 30, T. 10 S., 
R. 9 E., Riley County 57.50 10 0.10 0.17 0.06 0.6 13.30 23.1 3.30 33.0 

CgR7 
Road cut in Nii;11-SWi sec. 30, T. 10 S., 
R. 9 E., Riley County 57.90 10 0.05 0.08 0.02 0.2 6.75 11.6 1.60 16.0 

C; 11 
Road ditch in SW;SEiNWi sec. 9, T. 11 S., 

R. 9 E. Riley County 58.70 10 0.05 0.09 0.02 0.2 4.50 7.6 1.00 10.0 

CgR18 
Road cut in SE-SEi sec. 6, T. 11 S., 
R. 9 E., Riley County 60.00 10 0.90 1.50 0.38 3.8 6.10 10.2 1.56 15.6 

CgV9 
Road ditch in WiNWiSVi sec. 34, T. 12 S., 
R. 13 E., Witbaundee County - 58.40 10 0.15 0.26 0.02 0.2 6.35 10.8 1.40 14.0 

CgW11 
hoed ditch in SEiSWiSWi sec. 30, T. 11 S., 

R. 13 E., Wabaunsee County 
58.55 10 1.75 2.99 0.60 6.0 5.10 8.7 1.30 13.0 

Fig. 9b. Sample data for Grandhaven lirestone. 
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of very fine, anhedral, well-sorted grains of quartz, is 

present in all samples except CgR11 and is only a trace in 

sample CgLR7. Limonite in the form of euhedral crystals, 

crystal aggregates, and drusy incrustations pseudomorphic 

after pyrite, was noted in all samples. It occurs also as 

large, dense, irregular masses in sample CgW11. Pyrite is 

a principal constituent of sample CgW9 and is present as a 

trace in sample CgR7. It occurs as euhedral crystals, 

crystal aggregates, and drusy incrustations and, in sample 

Gen, as a replacement of many gastropods. Glauconite, in 

the form of small green grains, pecurs as a trace in all 

samples. There is a trace of light-orange celestite in 

sample CgW9. 

Correlation by Means of Insoluble Residues. There 

is no individually characteristic residue in the Grandhaven 

limestone. Attempts to correlate this limestone by use of 

the percentages of total, fine, and coarse residues by vol- 

ume and weight proved futile (Figs. 9a, 9b, and 9c), and the 

color of the fine residue of the Grandhaven limestone is too 

much like that of other limestones to be used as the basis 

for correlation (Fig. 9c). 



Dover Limestone. The Dovor limestone underlies the 

Dry shale and overlies the Langdon shale (Fig. 2). 

Sarlpled Locations. Ten outcrops of the Dover lime- 

stone were sampled as a part of this study (Fig. 10a): 

Sample 
number 

CdR5 

cdne 

CdR18 

CdW3 

CdW5 

CdW12 

CdP8 

CdP14 

CdP18 

CdP22 

Type of 
outcrop 

Road ditch 

Stream bank 

Road cut 

Road cut 

Road cut 

Road out 

Road ditch 

Stream bank 

Road ditch 

Road ditch 

Geographic location 

SEiSEiSE1 sec. 5, T. 11 S., 
R. 9 E., Riley County 

SEiSWiSEi sec. 28, T. 10 S-, 
R. 9 E, Riley County 

SWiSEiSEe sec. 6, T. 11 
R. 9 E, Riley County 

NINENWi sec. 35, T. 11 Ss, 
R. 12 Es, Wabaunsee County 

SWiNWiNWi 
R. 13 E., 

SWi3WSEi 
R. 13 E., 

MiNEiNEi 
R. 10 B.0 

R. 11 E., 

NWiNEVIE1 
R. 11 L., 

R. 11 E., 

sec. 6, T. 12 S., 
Wabaunsee County 

sec. 28, T. 11 S., 
Wabaunsee County 

sec. 28, T. 8 S., 
Pottawatomie County 

sec. 7, T. 9 S., 
Pottawatomie County 

sec. 29, T. 7 S., 
Pottawatomie County 

sec. 5, T. 6 S., 
Pottawatomie County 
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Lithologie Description. The Dover limestone is rel- 

atively soft, massive, and is usually argillaceeus. It is 

gray to brown* and weathers light gray. Large fusilinids 

are scattered throughout the limestone and are especially 

abundant near tLe base. Its average thickness is about 3 

feet. 

Description of the Insoluble Residues. The total res- 

idue of this limestone comprises from 4.6 to 27.0 percent by 

volume of the sample (Figs. 10b and 10c). The volume of the 

coarse residue varies from 0.2 to 4.2 percent, and that of 

the fine residue ranges from 4.4 to 26.6 percent of the orig- 

inal sample. 

The color of the fine residue is from grayish orange to 

light olive gray (Fig. 10c). 

The coarse residue of this limestone is composed pre- 

dominantly of yellowish-brown, soft, porous, silty-clay 

aggregates, sand, and tubular silica (Fig. 10d). The silty- 

clay aggregates are found in all samples except CdP22 but 

are present only as traces in CdR18 and CdW3. It was noted 

that the silty clay in samples CdR6 and C(1-28 is in the form 

of rather large, rounded pellets. The rounding of these 

aggregates may have occurred during the residue washing 

process. A few of the silty clay aggregates were found. to be 

slightly impregnated with limonite, thus making them harder 

than is usual. There are a very few silty-clay casts of 



numb 
Sample 

er Location 

Sample Residue 

Weight 

12.20 

Coarse Fine 

r % 

weight 

19.2 

Weight 
grams 

Volume 
drams 

Weight 
ems 

% 
weight 

0.32 

Volume 
drams 

0.04 

% 
volumelgrans 

0.4 

Volume 
drnrs_4volume 

1 2.34 

% 

23.4 CdR5 
Road ditch in SF* sec. 5, T. 11 S., 
R. 9 E., Riley County 63.45 10 0.20 

CdR6 

CdR18 

Stream cut in SWiSEri sec. 28, T. 10 S., 
R. 9 E., Riley County 61.40 

-F--- 

63.70, 

10 0.25 0.41 0.04 

0.02 

0.4 

f 

0.2 

12.40 

2.35 

20.2 2.66 26.6 

Road cut in S E sec. 6, T. 11 S., 
R. 9 E., Riley County 

10 0.05 

0.10 

0.08 

0.18 

3.7 0.44 4.4 

7.8 CdW3 
Road cut in NI,IENSiMi sec. 35, T. 11 S., 
R. 12 E., Wabaunsee County 54.85 10 

-----t 

0.02 0.2 

t 

3.40 6.2 0.78 

CdW5 
Road cut in SWililifilM4 sec. 61 T. 12 S., 
R. 13 E., Wabaunsee County 58.70 10 0.15 0.26 0.04 0.4 4.25 7.2 0.90 9.0 

ICdW12 
Road cut in SAISWiSti sec. 28, T. 11 S., 
R. 13 E., Wabaunsee County 57.90 10 0.40 0.69 0.14 1.4 5.10 8.8 1.34 13.4 

20.0 CdP8 
Road ditch in NWergiNEri sec. 28, T. 8 S., 

R. 10 E., Pottawatomie County 60.10 10 0.50 0.83 0.10 1.0 8.60 14.3 2.00 

CdP14 
Stream cut in a. NW sec. 7, T. 9 S, 
R. 11 E., Pottawatomie County 56090 10 0.45 0.79 0.18 1.8 3.05 5.4 0.74 744 

17.6 CdP18 
Road ditch in NW illEi/ sec. 29, T. 7 S., 

R. 11 D., Pottawatomie County 58.30 10 1.00 1.72 0.42 4.2 6.70 11.5 1.76 

LCdP22 
Road ditch in NW:441Winii- see. 50 T. 6 S., 

R. 11 E., Pottawatomie County 58.70 10 0.90 1.53 0.22 2.2 7.80 13.3 1.74 17.4 

Fig. 10b. Sample data for Dover limestone. 
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gastropods in sample CdW12. 

The sand of this residue is largely composed of very 

fine, anhedral, wellesorted grains of quartz but thorn are 

some notable exceptions. A trace of rather large, subrounded, 

31iLhtly frosted quartz grans was noted in samples CdR6 and 

CdP22, but most of the sand occurs as rounded aggregates with 

minor amounts of muscovite flakes and red orthoclase grains 

associated with the aggregates. In some samplee, a small 

percentage of the sand grains is stained with. limonite. 

Tubular silica is present in all samples and, in sample CdR18, 

it forms 100 percent of the coarse residue. telmonite, in 

the form of crystal aggregates pseudomorphic after pyrite and 

large concretionary nodules, occurs in measurable amounts in 

5 of the samples. Pyrites in the form of crystals, crystal 

aggregates, and drusy masses, is present in 3 of the samples. 

A few small flakes of muscovite and small grains of green 

glauconite are scattered throughout all samples. The dis- 

tinctive feature of sample CdP18 13 tie presence of silicified 

foraminifers, especially members of the Family Ammodiscidae. 

Correlation by Means of Insoluble ilesidues. There is 

no residue that may be classed as conclusive evidence of the 

Dover limestone. The percentage volumes of the fine, coarse, 

and total residues exhibit a pattern which might be of use in 

correlation in eastern Wabaunsee County (Figs. lob, 10c, and 

10d). The range in the percentage volume of the total residue 
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is from 8.0 percent for sample CdW3 to 14.8 percent for 

sample CdW12. A similar variation was noted for the percen- 

tage volumes of the fine and coarse residues and for the per- 

centage weights of the residues. 

The color of the fine residue is not diagnostic for this 

limestone (Fig. 10c). A suggestive correlation of the con- 

stituent percentages by volume is shown by samples CdW5, 

CdW12, caps, and CdR6 (Fig. 10a) . 

Maple Hill Limestone. The Maple Hill limestone underlies 

the Langdon shale and overlies the Wamego shale (Fig. 2). 

Sampled Locations. The Maple Hill limestone was 

sampled at 8 outcrops in Riley, Wabaunsee, and Pottawatomie 

Counties (Fig. 

Sample Type of 
number outcrop Geographic location 

CmhR3 Road cut SWiNWiNWi sec. 27, T. 10 S., 
R. 9 E., Riley County 

CmhR4 Stream bank Center of the SWi sec. 32, T. 10 S., 
R. 9 E., Riley County 

CmhW4 Stream bank StSW4NW9 sec. 25, T. 11 S., 
R. 12 E., tabaunsee County 

CmhW14 Road cut SE4SW4SE4 sec. 27, T. 11 :., 
R. 13 h., Wabaunsee County 

CmhP7 Stream bank SE4NW4SE4 sec. 21, T. 8 S., 
R. 10 E., Pottawatomie County 

CmhPl7 Stream bank niniNEi sec. 7, T. 8 S., 
R. 11 E., Pottawatomie County 

CmhP18 Road ditch NW4NE4 sec. 29, T. 7 Sop 
R. 11 E., Pottawatomie County 

CmhP22 Road ditch NWillkliNW sec. 5, T. 6 S., 
R. 11 E., Pottawatomie County 
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Lithologic Description. The Maple, Hill limestone 

is hard, massive, and crystalline on fresh surfaces. It is 

bluish gray to yellowish gray, and weathers brown. rusulinids, 

crinoid columnals, and brachiopod fragments were noted in 

this limestone. Its average thickness is about 1.5 feet. 

Description of the Insoluble Residues. The total res- 

idue of this limestone constitutes from 5.2 to 12.2 percent by 

volume of the total sample (Pi3 s. llb and 11e) . The volume 

of the coarse residue varies from 0.2 to 1.8 percent and the 

volume of the fine residue is from 6.0 to 11.8 percent of the 

original sample. 

The color of the fine residue ranges from pale yellowish 

brown to light olive gray (Fig. 110). 

The coarse residue consists of sand, tubular silica, 

limonite, soft, porous, yellowish-brown silty-clay aggregates, 

pyrite, and celestite (Fig. 11d). The sand is composed of 

very fine, anhedral, well -sorted grains of quartz. It is 

absent in samples Cmh107 and Cahn7 and occurs as a trace in 

sample CmhW14. Tubular silica was found in varying amounts 

in all samples, and is a major constituent of samples CmhR3 

and CMhP18. Limonite is nresent in all samples, except CmhP22, 

in the form of crystals, crystal aggregates, and irregular 

drusy masses pseudomorphic after pyrite. A few ostracods re- 

placed by limonite were found in sample CmhR3. Silty clay 

aggregates, large and small, are minor constituents of most of 



Sample 
number 

Location 

Onh113 
Road cut in SWiNWeIlt sec. 27, T. 10 Sot 
R. 9 E., Riley County 

CmhR4 
Stream cut in SI,* sec. 32, 

R. 9 E., Riley County 

CmhW4 

T. 10 S., 

Stream cut in SI*SWiNiii sec. 
R. 12 E., Wabaunsee County 

CmhWl4 

CmhP7 

CmhP1.7 

CrahP18 

F- 

1CmhP22 

Sample 

Coarse 

Residue 

25, T. U S., 

Road cut in aal3474 sec. 27, T. 11 
R. 13 E., Wabaunsee County 

Stream cut in SEI-Millgi sec. 21, T. 

R. 10 E., Pottawatonie County 

Stream cut in T.Ti*SE-elq sec. 7, 

R. 11 E., Pottawatomie County 

In 
1 

S., 

8 

S 

WeightVoluneWeight % Volume % Weight' 

grams 'drams grams weight drams Lvolump rnms 

10 0.15 62.001 0.24 

01.10 10 0.20 

57.15 10 

03.00 10 

S., 

., 

Road ditch in NUZ-NEE-- sec. 29, T. 7 So, 
R. 11 E., Pottawatomie County 

Road ditch in NWiNWiNW1 sec. 5, T. 6 S., 
R. U E., Pottawatomie County 

59.35 

59.20 10 

59.45 10 

0.33 

0.60 1.05 

0.50 0.80 

0.10 0.16 

0.20 0.34 

0.05 0.08 

61.85! 10 0.15 

Fig. 11b. Sample data for Maple Hill limestone. 

0.24 

0.04 0.4 

0.04 0.4 

0.18 1.8 

0.10 1.0 

0.02 0.2 

0.04 0.4 

0.02 0.2 

0.04 0.4 

3.70 

4.80 

4.70 

Fine 

% Volume, % 
.-tdrans volume 

6.0 1.00 10.0 

7.8 1.18., 11.8 

8.2 0.66 6.6 

6.3 0.90 9.0 

3.2 0.50 5.0 

4.00 

1.90 

4.80 

2.60 

3.50 

8.1 1.10 11.0 

4.4 

5.6 

0.60 6.0 

0.80 8.0 
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the samples. Euhedral cubical and octahedral pyrite crystals 

and drusy incrustations are present as traces In many of the 

samples and occurs in -ezaeurable amounts in samples aralf.,11 

and CmhP17. Pink to orange-red celestite was found as a 

trace in sample CmhW14 and in larger quantities in samples 

CmhP7 and CMhP17. Small flakes of muscovite occur in vary 

minor amounts in all samples. 

Correlation by Means of Insoluble Iiosidues. no diag- 

nostic single coarse residue was found, for the Maple Hill 

limestone, nor are the percentage volumes and weights of the 

total, fine, and coarse residues of value in correlation 

(Figs. lib, 11c, and 11d). 

The color of the fine rnsidue of this limestone cannot 

be considered as useful In correlation because of its simi- 

larity to the colors of the fine residues of other lime- 

stones (Fig. lie). 

A possible aid to correlation might lie in the patterns 

of the constituent percentage of coarse residues as displayed 

by samples CMhri4, CmhR3, CmhP4, and CmhP22 (Fig. 11a). How- 

ever, the differing coarse-residue patterns of the other 

samples in Pottawatomie County would make this type coarse 

residue of doubtful utility in that county. The use of this 

type coarse residue in Riley and northwestern Wabaunsee 

Counties would seem to be indicative of correlation. A. nega- 
tive characteristic of possible value in correlation is the 



absence of glauconito from the residues of the Maple Hill 

limestone. 

Tarkio Limestone. The Tarkio limestone underlies the 

Wamego shale and overlies the Miard shale (Fig. 2). It is 

the oldest and the lowermost Pennsylv n an limestone that was 

sampled durinE this investigations 

Salnple0 Locations. Most of the samples of the Tarkio 

limestone were collected in southeastern Riley County (Fig. 

12a). 

Sample 
number 

CtUR2) 
CtLR2) 
CtR2 ) 

CtR3 

CtR4 

CtR5 

CtR6 

CtR14 

C tW 4 

Ctkl 

CtP4 

CtP21 

CtP22 

Type of 
outcrop 

Stream bank 

Road cut 

Stream bank 

Stream bank 

Stream bank 

Road cut 

Stream bank 

Hillside 

ad out 

Road ditch 

Road ditch 

Geographic location 

NWiNTi., sec. 5, T. 11 
B. 9 F., Riley County 

SWiNWiNWi sec. 27, T. 10 s., 
B. 9 E., Riley County 

Coater or sw sec. 32, T. 10 S., 
R. 9 a., Riley County 

Center of SE sec. 5, T. 
R. 9 E., Riley County 

Center of SSE soc. 280 T. 10 ;00 

B. 9 Fe, hiley County 

NE-inini sec. 29, T. 10 
R. 9 E., Riley County 

3. $ 

SWiniNWi 
R. 12 E., 

StiSE-01W 
B. 9 E., 

NEiSEini 
R. 10 

NeqiNWiSW-24 

R. 11 E., 

mainliwx- 
R. 11 L., 

sec. 25, T. 11 S., 
Wabaunsee County 

sec. 15, T. 10 S., 
Pottawatomie County 

sec* 6, T. 9 
Pettawatemie County 

sec. 11, T. 6 S., 
Pettawatomie County 

sec. 5, T. 6 S , 
Pettawatomie County 





90 

Lithologic Description. Tarkio limestone zonerally 

consists of two thick, massive limestones separated by a thin 

bed of s7:mle. The limestones are hard, grayish orange to 

yellowish gray, and weather brown. The thin bed of shale is 

olive gray, and weathers yellowish sray. Large fusulinids 

are very abundant in the limestones and stand out on the 

weathered surface. The average thickness of the Tarkio lime- 

stone is about 13 feet thick. 

Description of the Insoluble Residues. The total 

residue of this limestone varies from 3.2 to 19.0 percent by 

volume of the full sample (Figs . 12b and 12c) . The volume 

of the coarse residue constitutes from 0.2 to 4.0 percent, 

and the volume of the fine residue comprises from 3.0 to 16.0 

percent of the original sample. 

The color of the fine residue ranges from dark yellowish 

orange to yellowish gray (rig. 12c). 

The nrincipal constituents of the coarse residue aro 

soft, porous, yellowish-brown, silty-clay aggregates, sand, 

limonite, and tubular silica (Fig. 12d). Silty-clay aggre- 

gates are present in all sanplee and in several they are the 

major constituent. The sand is composed of very fine, 

anhedral, well-sorted grains of quartz and is found. in all 

samples. It usually forms the major constituent of those 

samples low in silty -clay aggregates. Limonite is present in 

many of the samples and is the principal type of coarse 



Sample 
number Location 

Sample Residue 

Coarse Fine 

Weight 
grams 

59.20 

Volume 
drams 

10 

Weight % 
weight 

Volume 
drams 

% 
volume 

Weight 
grams 

% 
ht 

Volume 
drama 

% 
'volume 

CtUR2 
Stream cut in NE -117Wi- sec. 5, T. 11 S., 
R. 9 E., Riley County 

_grans 

0.80 1.33 0.18 1.8 6.60 11.1 1.40 14.0 

CUR2 
Stream cut in NE-0110,- sec. 5, T. 11 S., 

R. 9 E,, Riley County 59.50 10 0.05 0.08 0.02 0.2 1.15 1.9 0.24 2.4 

CtR2 
Stream cut in IlDiNWi sec. 5, T. 11 S., 
R. 9 E., Riley County 61.55 

T 

10 0.60 0.97 0.14 1.4 3.50 5.6 0.70 7.0 

CtR3 
Road cut in SWiNWiNWi sec. 27, T. 10 S., 
R. 9 E., Riley County 61.10 10 1.30 2.13 0.30 3.0 2.10 3.4 0.56 5.6 

CtR4 
Stream cut in SW1 sec. 32, T. 10 S., 
R. 9 E., Riley County 63.95 10 0.10 

0.30 

0.15 

0.51 

0.02 

0.16 

0.2 

1.6 

1.20 

2030 

1.9 

3.9 

0.30 

0.88 

3.0 

8.8 CtR5 
Stream cut in center SE sec. 5, T. 11 S., 
R. 9 E., Riley County 58.90 

----, 

10 

CtR6 
Stream cut in center SW E- sec. 28, 

T. 10 S., R. 9 E., Riley County 
59.80 10 0.20 0.33 0.08 0.8 2.05 3.4 0.46 4.6 

°tau Road cut in NEiNWelai sec. 29, T. 10 S., 
R. 9 E., Riley County 66.50 10 0.25 0.37 0.10 1.0 2.25 3.4 0.50 5.0 

CtW4 
Stream out in SWiSWiNi4 sec. 25, T. 11 S, 
R. 12 E., Wabaunsee County 53.90 10 0.15 0.28 0.02 0.2 1.70 3.1 0.32 3.2 

CtP1 
Hillside in SWiSEitAii sec. 15, T. 10 S., 
R. 9 E., Pettawatomie County 61.45 10 0.25 0.41 0.04 0.4 1.40 2.3 0.32 3.2 

CtP4 
Road cut in MS-41a70914 sec. 6, T. 9 S. 

R. 10 E. Pottawatomie County 
, 

58.40 10 2.10 3.59 0.40 4.0 6.10 10.5 1.50 15.0 

CtF21 
Road ditch in NWSWf sec. 11, T. 6 S., 
R. 11 E., Pottawatomie County 56.40 10 0.35 0.62 0.16 1.6 6.25 11.1 1.60 16.0 

CtP22 
Road ditch in NWiNWiNWi sec. 5, T. 6 S., 
R. 11 E., Pottawatemie County 60.50 10 0.45 0.74 0.22 2.2 5.20 8.6 1.40 14.0 

Fig. 12b. Sample data for Tarkio limestone. 
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residue in 3 of them. It is in the form of small drusy 

particles pseudomorphic after pyrite and as large, hard 

irregular-shaped masses. Tubular silica is present in all 

samples and forms measurable percentages in 7 of the samples 

(Fig. 12d). Pyrite was found only in sample CtW4 in which 

it occurs as small, subapherical crystal aggregates. About 

5 percent of light-pink bladed crystals of celestite was 

found in sample CtW4. The only other occurrence of celestite 

is as a trace in sample CtP22. A very minor amount of small 

grains of green glauconite and small flakes of muscovite is 

scattered throughout most of the samples. 

Correlation by Means of Insoluble Residues. Study of 

the insoluble residues of the Tarkio limestone indicates that 

there is not a single residue characteristic. The percentage 

volumes and weights of the total, fine, and coarse residues 

were investigated for correlative gain, but a constant varia- 

tion or pattern could not be found (Figs. 12b, 12c, and 12d). 

The color of the fine residue of this limestone was 

found to be the same as the color of the fine residues of 

other limestones and cannot be considered as of value in 

correlation (Fig. 12c). The coarse residues of the Tarkio 

limestone are outstanding in that they exhibited two and 

possibly three type constituent percentages (Fig. 12a). One 

pattern is displayed by samples CtR5, CtR14, CtP21, and 

CtP22; the second combination is that of samples CtR2, CtR3, 
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CtP4, and possibly CtR6; and the third pattern is exhibited 

by CtR4 and ctPl. Correlation of the Tarkio limestone in 

Riley and Pottawatomie Counties should be possible by the 

use '31 these three type coarse residues. 

CONCLUSIONS 

Review of the information obtained by analyses of the 

coarse residues reported in this study bears on several 

points relative to their use in stratiraphic classification. 

It may be concluded that there are no single types of residues 

which are certainly diagnostic for any one of the limestones 

studied. Practically all of the residues contain silty-clay 

agregates; minor variations in color of this residue were 

observed from one sample to another but, in general, the soft, 

porous, yellowish brown, silty-clay aggregates are similar 

in color and size in the residues of all of the limestones. 

Limonite, pyrite, Llauconite, sand, muscovite, and tubular 

silica are other coarse residues which were commonly found 

in the different limestones. Their use as characteristic 

residues is precluded for one or more of the following 

reasons: (1) the appearance of each of them is not the same 

in all samples of a limestone, (2) the residue is not con- 

sistently present in all samples of a limestone, or (3) the 

residue remains the same in appearance but was found in nearly 
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all of the limestones. Celestite and chert were Mund in 

relatively few samples. Fusain, when present, was found 

only in the Caneyville limestone. 

The differences and constant variations exhibited by 

the percentage volumes of some of the fine, coarse, and 

total residues are believed to be of some value when used 

in conjunction with other information and methods of corre- 

lation. 

The differences and constant variations displayed by the 

wellets and percenta,e weiLhts of some of the fine, coarse, 

arid total residues might be of some use In correlation, but 

the equipment necessary and the time spent in obtaining them 

would probably outweigh their usefulness for this purpose. 

The color of the fine residue of the samples varies but 

there are samples of each limestone in which the color of the 

fine residue shows about the same variation. 

The constituent percentage of coarse residue by volume 

is the only method which could be used successfully by itself 

with any decree of confidence. It was found that by using a 

type coarse residue, in which the constituents are in similar 

proportions, several limestones could be correlated. On the 

basis of the samples studied, correlation of thi Aspinwall, 

Jim Creek, and Tarkio limestones by this method should be 

possible in the area covered by this investigation. The Five 

Point, Brownville, Dover, and :eel° Hill limestones can 
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probably be correlated over small areas by this same method. 

revie v. of the analyses also reveals that there is no 

marked difference between the insoluble residues of the Permian 

and Pennsylvanian limestones in this area. No single diagnos- 

tic residue is present in either system of rocks. The per- 

centage volumes and weights of the total, fine, an coarse 

residue of each limestone vary from place to place. The colors 

of the fine residues of limestones in both systems are similar. 

The coarse residues of both the Pennsylvanian and Permian 

limestones have the same constituents and cannot be differ- 

entiated as can some of the individual limestones. it is 

apparent that the u,e of insoluble residues cannot replace 

lithologic analdsis as the principal basis for stratigraphic 

correlation but is a supplement to it. 
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An investigation was made to determine the practica- 

bility of correlatin;-, some of the lower Permian and upper 

Pennsylvanian limestones through the use of insoluble res- 

idues. The limestones studied were, from youngest to oldest, 

the Five Point, Falls City, and Aspinwall of the Admire 

Group (:olfcampian Series of the Permian System) and the 

Brownville, Caneyville, Jim Creek, Grandhaven, Dover, Maple 

Hill, and Tarkio of the 1Vabaunsee Group (virgilian Series 

of the Pennsylvanian System). Representative samples were 

collected from outcrops of these limestones in Riley, 

V4abaunsee, and Pottawatomie Counties, and were treated with 

hydrochloric acid. In the study of the resultant insoluble 

resudues, volumetric measurements were made and the con- 

stituents described. 

It was found that single diagnostic coarse residues are 

lackin; in all of the limestones studied. Other insoluble- 

residue characteristics apparently vary in usefulness in 

:mtratigraphic correlation from one unit to another. 

It was also observed that there was no apparent general 

difference between insoluble residues of the Permian and 

Pennsylvanian limestones studied. 


