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Susan Ward Aber! and David A. Grisafe?

Petrographic Characteristics of Kansas Building Limestones

ABSTRACT

Thin sections of eight different Kansas building limestones. taken
from current quarry sites, were studied parallel and perpendicular to
their bedding plane. A comparison of the resulting data shows that con-
siderable variations in the petrographic characteristics occur among
these limestones.

The Five Point Limestone in northeastern Pottawatomie County is a
highlv fossiliferous. medium- to coarse-grained packstone with color
varving {rom brownish-vellow to pinkish-gray and possessing around
seven pereent porosity. In Riley County the Neva Limestone is a fine o
medium-grained, pellet-bearing wackestone with a light gray color. It is
divided into bard and soft ledges. with porosities of less than one and
two percent. respectively: the latter ledge contains three times as many
opaques as the former. The light gray Cottonwood Limestone in Chase
County is divided into upper and lower ledges. The upper bed is a fine
to medium-grained fusulinid wackestone with five percent porosity.
while the lower bed is a fine-grained wackestone with less than one per
cent porosity. In eastern Pottawatomic County, the Funston Limestone
is a fine- 1o medium-grained wackestone with a light buff-gray color
and 12 percent porosity. The Fort Riley Limestone in southern Cowley
County is a fine- to medium-grained algal wackestone packstone with a
light brownish-vellow color and five percent porosity. The Cresswell
Limestone in Cowlev County is a very fine grained. burrowed. pellet
bearing wackestone that is nearly white in color and has less than one
pereent porosity.

'2002 Holiday Drive, Emporia, Kansas 66801,
?Mineral Resources Section, Kansas Geological Survey.

INTRODUCTION

PURPOSE

This
petrographic characteristics of several Kansas building
limestones collected from local quarry operators. This

report is a detailed examination of the

petrographic study is a portion of a larger project, being
conducted at the Kansas Geological Survey, that deals
ultimately with obtaining a better understanding of the
weathering of building stone. The overall project is di-
vided into four parts. Part one (Grisafe, 1976) gives an
overall view of Kansas building limestone including his-
tory, quarrying and processing, advantages, and various
uses of building limestone. Part two, the initial petro-
graphic examination of building stone in Kansas, is re-
ported here. Part three will be a determination of chemi-
cal, mineralogical, and physical properties unique to
each stone as well as the durability response to artificial
weathering tests. The conclusion of the overall project,
part four, will be a correlation of petrographic. chemical,
mineralogical, and physical properties of building lime-
stone to obtain a better understanding of weathering
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zone of building stone lie 1.5 m (4-5 ft) of Neva Lime-
stone that is suitable for crushed rock applications.

The Neva Limestone Member and the overlying Cot-
tonwood Limestone Member appear parallel to one
another in outcrop (Risser. 1960), separated by the
Eskridge Shale Member. The outcropping Cottonwood is
recognized either as loose blocks or as a prominent bench
with a fringe of shrubs along the outcrop. In many
places, the Cottonwood contains layers of chert nodules,
but chert is less prominent in Chase County where the
rock is actively quarried today.

Except for becoming thin and shaly to the south, the
Cottonwood is almost uniformly 1.5 to 2 m (5-6 ft) thick
and contains two or more beds. Between southeastern
Nebraska and northern Oklahoma, Laporte (1962) rec-
ognized five distinct facies in the Cottonwood: bioclastic,
fusulinid, platy algal, shell, and silty Osagia facies. In the
north-central part of Chase County, the Cottonwood
Limestone is divided into lower and upper beds, corre-
sponding to Laporte’s bioclastic and fusulinid facies.
Both beds were examined because both are used for
building construction. The upper bed is characterized by
its wheat-shaped fusulinids and obvious porosity while the
lower bed appears as a denser fine-grained stone with a
diverse fauna. The two beds are called the upper and
lower Cottonwood by stone producers, all of whom
quarry their stone in Chase County. The Cottonwood is
light gray in color, weathering to almost white. It has
been studied often and is a very popular building stone in
Kansas (Laporte, 1962; Mudge and Yochelson, 1962;
Risser, 1960). At the quarry site in Chase County, Sec.
12, T.198, R.6E, both the upper and lower beds are ap-
proximately 0.7 m (2-2.5 ft) thick.

In the Council Grove Group the uppermost limestone
used for building stone is the Funston Limestone Forma-
tion. The main limestone bed of the Funston is commonly
called the Onaga limestone because it is quarried exten-
sively near Onaga, Pottawatomie County, Kansas. The
Onaga is a light gray to buff-gray limestone, locally
cherty, separated into an upper and lower bed by a gray
to yellowish-gray, fossiliferous shale. There is some ver-
tical variation in color, texture, and hardness within the
formation (Risser, 1960). The lower portion weathers
darker in color, is softer, and is more porous than the up-
per. The Onaga occurs on the surface as loose blocks.
The main bed is commonly 0.6 to 0.8 m (2-2.5 ft) thick
(Risser, 1960), but the entire Funston Limestone Forma-
tion has been reported as ranging from 1.5 to 7.6 m (5-25
ft) thick (Zeller, 1968). In northeastern Pottawatomie
County, where it is currently quarried, the main bed of
the Funston Limestone is relatively free of chert, approx-
imately 1.5 m (5 ft) thick, and easily cut and worked. It is
used for residential structures as well as commercial
buildings. As shown in Table 1, samples for testing came
from the current quarry operation, Sec. 15, T.75, R.12E.

Chase Group

The uppermost group of the Gearyan Stage is the
Chase Group. This group forms prominent escarpments
of limestone in the Flint Hills. It is approximately 102 m
(335 ft) thick and consists of cherty limestones interbed-
ded with brightly colored shales (Zeller, 1968). T* Fort

R Limestone Member of the Barneston Limestone
Formation and the Cresswell Limestone Member of the
Winfield Limestone Formation are both quarried as
building stones.

Capping the western part of the Flint Hills is the
Barneston Limestone Formation, with a thickness of 24 to
27 m (80-90 ft) (Zeller, 1968). This formation is com-
posed of two thick limestone members separated by a thin
shaly member (locally clay) (Zeller, 1968). The upper
limestone member is a light gray, massive to thin-bedded
limestone called the Fort Riley. This member ranges
from 9 to 13.5 m (30-45 ft) thick (Risser, 1960). Although
more than one bed within the unit appears usable, a
massive 1.2 to 1.7 m (4-5.5 ft) ledge near the base of the
Fort Riley appears to be most suitable for dimension
stone. The Fort Riley, quarried at many sites in Cowley
County, is called Silverdale limestone after the town of
Silverdale, Kansas, where all current quarries and a proc-
essing plant are located. The Silverdale is fine grained
and has a very uniform texture. Because this limestone is
resistant to weathering and is overlain by less resistant
shale, the massive limestone layer found near the tops of
hills has little overburden, which is easily removed by
bulldozers. Samples studied came from a quarry in Cow-
ley County, Sec. 3, T.35S, R.5E.

The Winfield Limestone Formation, approximately
7.6 m (25 ft) thick, consists of the Cresswell (upper) and
Stovall (lower) Limestones. Both limestone beds may be
locally cherty, and through most of the State they are
separated by gray, fossiliferous Grant Shale. When
freshly fractured or smoothly surfaced, the Cresswell
Limestone Member is nearly white in color. The Cress-
well Member can be divided into a lower layer that is
massive and sometimes fossiliferous and a middle to up-
per layer that is locally shale. This lower, massive layer is
about 1 m (3 ft) thick until south of Butler County where
it splits into two massive beds separated by a thin calcare-
ous shale (Zeller, 1968). In southern Cowley County, the
shale disappears and the lower Cresswell becomes a single
bed approximately 3.5 m (12 ft) thick that can be seen
outcropping near the tops of hills west of Silverdale, Kan-
sas. A 3 m (10 ft) exposure can be seen along a road cut
km (2.5 mi) west of Silverdale. The Cresswell Limestone
is a very popular building material in the Wichita-
Winfield area. Samples were produced from a quarry in
Cowley County, Sec. 11, T.33S, R.4E.
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TaBLE 3. Petrographic constituents of the building limestones, listed as percentages.
Chestnut Hard Soft Lower Upper
Shell Neva  Neva  Cottonwood Cottonwood Onaga Silverdale Cresswell
GRAINS 23.5 23.5 26.7 32.2 399 50.0 42.2 31.4
Algal blebs encrusting algae 10 15 20 8 15 26+ 357
Brachiopod debris and spines 25 5 5 10 5 5 5 Y
Brvozoa b 5 10 5 10 9
- Echinoderm 5 8 5 10 5 10 10 2
Foraminifera 5 15 15 20 30 5% 3 b4
Gastropod 15 15
Intraclasts 5 ) 5 5
Ostracodes h 5 5 10 10 2 3 25
Pelecypod 5 5 2 3 3
Pelloid Pellets 15 15 10 12 15 20 10 50
Trilobite 15 15 10 10 2
Unknown 10 7 10 10 ) 10 14 13
MATRIX 68.6 75.0 67.9 65.7 55.2 35.2 52.8 61.3
Microspar - Micrite 30 50 55 70 70 50
Microspar 25
Micrite 25%% 50 90
Blocky Calcite Spar 20 30 30 20 20 20 15 10
Dogtooth Calcite Spar 25 5 5 20
Chalcedony 15 10 10 10 10 10
POROSITY 6.5 0.4 2.1 0.4 4.7 11.5 4.1 0.4
15 80 55 100 60 30sx $0sx
Ccr SX X sX 5X mc- mec-
Interparticle sms ms ms ms sms- Ims, Ims
smg 25¢r
mc
sms
25sx 20 45sx 20 30sx 35
ms sX ms sX mc- SX
Intraparticle 25¢r ms ms Ims mc-
ms 20cr Ims
ms
10sx 15 25
- ms cr SX
Moldic 10cr mc- ms
sms sms
m
Fracture sX
sms
60
Fenestral mc-
sms
10
Intercrystal SX
sms
MISC. OPAQUE MINERALS 1.4 1.0 3.3 1.7 0.1 3.3 0.9 6.9
LEGEND »
Solution s Small megapore  smg
Cementation ¢ Large mesopore  Ims
ms
Enlarged X Small mesopore  sms
Reduced r Micropore me

* from Choquette and Pray. 1970
* excluding Nubeculara

t  Osagia and Nubecularia

+ andsponge debris

** micrite envelopes

























Aber & Grisafe— Petrographic Characteristics of Kansas Building Limestones 23

Five Point (Chestnut Shell) Limestone

Pore-Size Distribution

Parallel to Bedding

Perpendicular to Bedding

—-

40

30

20

Frequency (%)

10

0 s l?rf

0 0.51.01.52.02.25+
Maximum Diameter (mm)

Pore-Shape Distribution

50
S 40
5~30
g
3 20
o
o
& 10
0 I e s
0 0.51.01.52.02.25+
Maximum Diameter (mm)
N Parallel to Bedding
&2 30
220
o
3
> 10 —
o
1 2 3 4 5 6 7 8
Maximum:Minimum Diameter
FIGURE 48.

values for pore size and pore shape are nearly identical
for samples oriented parallel and perpendicular to the
bedding. As shown in Figure 48, over 70 percent of the
pores have a maximum diameter less than 0.5 mm and all
pores have a maximum diameter less than 2.5 mm. Ap-
proximately 60 percent of the pores have a pore-shape
ratioof 1.00 to 1.99.

The Fort Riley (Silverdale) Limestone has a very nar-
row pore-size distribution, with all pores having a max-
imum diameter less than 1.25 mm and 95 percent of the
pores less than 0.5 mm (Fig. 48). Large percentages of
the pores in thin section have a maximum diameter less
than 0.25 mm: 72 percent for those oriented parallel to
the bedding plane and 84 percent for those oriented

Perpendicular to Bedding

230

20

&

3410

N

= 0 l'“

1 2 3 4 5 6 7 8
Maximum:Minimum Diameter

Histograms showing pore-size and pore-shape distributions of currently quarried Kansas building limestones.

perpendicular to the bedding plane. Such data are re-
sponsible for the small mean pore sizes reported in Table
4. Interestingly, the degree of pore-shape elongation is
identical for thin sections cut parallel and perpendicular
to the bedding plane.

The Cresswell Limestone shows only a 0.4 percent
porosity, a value identical to that for the hard Neva and
lower Cottonwood. Despite the limited number of pores,
the data in Table 4 and Figure 48 suggest that most pores
in the Cresswell are relatively small (less than 0.25 mm).
Table 4 also suggests the pores in the Cresswell are not as
elongated as the pores in most of the other limestones,
despite the fact that fenestral-type porosity is observed in
the Cresswell.
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Soft Neva Limestone

Pore-Size Distribution
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Upper Cottonwood Limestone

Pore-Size Distribution
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Fort Riley (Silverdale) Limestone

Pore-Size Distribution
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PORE-SIZE. DISTRIBUTION OF HARD NEVA LIMESTONE

Maximum
Diameter Sum. Avg.
{mm) Freq. % Freq. % Freq. % Freq. %
PARALLEL TO BEDDING
HN-1 HN-2 HN-3

0.00-0.24 1 100 2 33 1 100 3 43

0.25-0.49 3 50 3 43

0.50-0.74 1 17 1 14

0.75-0.99 o -
7 100

PERPENDICULAR TO BEDDING

0.00-0.24 1 100 1 50

0.25-0.49

0.50-0.74

0.75-0.99 1 100 1 50
2 100

PORE-SIZE DISTRIBUTION OF SOFT NEVA LIMESTONE

33

PORE-SHAPE DISTRIBUTION OF HARD NEVA LIMESTONE

Maximum
Diameter Sum. Avg.
(mm) Freq. % Freq. % Freq. % Freq. %
PARALLEL TO BEDDING
SN-1 SN-2 SN-3

0.00-0.24 1 20 4 67 14 50 19 49

0.25-0.49 3 60 2 33 13 16 18 46

0.50-0.74 1 20 1 4 2 5

0.75-0.99

1.00-1.24 o -
39 100

PERPENDICULAR TO BEDDING

0.00-0.24 1 50 8 80 5 100 14 82

0.25-0.49 1 50 1 10 2 12

0.50-0.74

0.75-0.99

1.00-1.24 1 10 1 6
17 100

Ratio of
Maximum
to
Minimum Sum. Avg.
Diameter Freq. % Freq. % Freq. % Freq. %
PARALLEL TO BEDDING
3 1 13 I 3
1.00-1.49 2 33 1 50 3 33
1.50-1.99 3 50 3 33
2.00-2.49 1 17 1 11
2.50-2.99 1 100 1 11
3.00-3.49 1 50 1 11
9 99
PERPENDICULAR TO BEDDING
1.00-1.49 1 100 1 50
1.50-1.99
2.00-2.49 1 100 1 50
2.50-2.99
3.00-3.49
2 100

PORE-SHAPE DISTRIBUTION OF SOFT NEVA LIMESTONE

Ratio of
Maximum
to
Minimum Sum. Avg.
Diameter Freq. % Freq. % Freq. % Freq. %
PARALLEL TO BEDDING
SN-1 SN-2 SN-3
1.00-1.49 3 60 2 33 8 29 13 33
1.50-1.99 2 40 2 33 12 43 16 41
2.00-2.49 1 17 5 18 6 15
2.50-2.99 1 4 1 3
3.00-3.49 1 4 1 3
3.50-3.99
4.00-4.49 1 4 1 3
4.50-4.99
7.00-7.49 1 17 1 3
39 101
PERPENDICULAR TO BEDDING
1.00-1.49 2 100 5 50 2 40 9 53
1.50-1.99 2 20 2 40 4 24
2.00-2.49 1 10 1 6
2.50-2.99 1 10 1 20 2 12
3.00-3.49
3.50-3.99
4.00-4.49
4.50-4.99 1 10 1 6
17 101
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PORE-SIZE DISTRIBUTION OF
FUNSTON (ONAGA) LIMESTONE

Maximum
Diameter Sum. Avg.
(mm) Freq. %  Freq. % Freq. % Freq. % Freq. %
PARALLEL TO BEDDING
0-207 0-191 0-202 0-192

0.00-0.24 24 53 29 47 15 52 8 21 76 43

0.25-0.49 18 40 19 31 7 24 11 28 55 31

0.50-0.74 1 2 8 13 5 17 4 10 18 10

0.75-0.99 3 5 5 13 8 5

1.00-1.24 2 3 2 7 3 8 7 4

1.25-1.49 3 8 3 2

1.50-1.74 2 4 1 2 3 8 6 3

1.75-1.99

2.00-2.24

2.25-2.49 2 5 2 1
175 99

PERPENDICULAR TO BEDDING

0.00-0.24 26 16 26 48 22 54 21 37 95 45

0.25-0.49 22 39 23 43 12 29 16 28 73 35

0.50-0.74 4 7 2 4 3 7 7 12 16 8

0.75-0.99 3 5 1 2 3 7 5 9 12 6

1.00-1.24 1 2 1 2 2 1

1.25-1.49 1 2 2 4 3 1

1.50-1.74 2 4 1 2 1 2 4 2

1.75-1.99 1 2 1

2.00-2.24

2.25-2.49 3 5 3 R
209 99

PORE-SHAPE DISTRIBUTION OF
FUNSTON (ONAGA) LIMESTONE

Ratio of
Maximum
to
Minimum
Diameter Freq. % Freq. % - ™ © - o
PARALLEL T¢

0-207 0-191 0-202 0O-192
1.00-1.49 10 22 17 27 12 41 14 36
1.50-1.99 12 27 20 32 7 24 14 36
2.00-2.49 7 16 10 16 5 17 5 13
2.50-2.99 6 13 9 15 4 14 2 5
3.00-3.49 1 2 3 8
3.50-3.99 7 16 4 6
4.00-4.49 2 4
4.50-4.99
5.00-5.49 1 2
5.50-5.99 1 3
6.00-6.49 1 2
6.50-6.99 1 3

PERPENDICULAR TO BEDDING

1.00-1.49 14 25 15 28 15 37 23 40
1.50-1.99 19 33 18 33 13 32 22 39
2.00-2.49 8 14 9 17 4 10 8 14
2.50-2.99 8 14 7 13 3 7 1 2
3.00-3.49 4 17 3 7 1 9
3.50-3.99 2 4 1 2
4.00-4.49 1 2
4.50-4.99 1 2 9 4 1 2 1 2
5.00-5.49 1 2
5.50-5.99
6.00-6.49 1 2
6.50-6.99
7.00-7.49 1 2
7.50-7.99
8.00-8.49 1 2 1 2

53
53
27
21

11

—_ e

175

67
72
29
19

—_— e B

209

35

Avg.

30

15
12

—— —

_L
100
32

34
14
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APPENDIX B
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MEAN AND STANDARD DEVIATION VALUES OF PORE SIZE AND PORE SHAPE

Limestone

Five Point

(Chestnut Shell)

Hard Neva

Soft Neva

Lower Cottonwood

Upper Cottonwood

Funston (Onaga)

Fort Riley
(Silverdale)

Cresswell

Sample
Number

P-1
P-1
P-2
p-2
P-3
P-3

HN-1
HN-1
HN-2
HN-2
HN-3
HN-3

SN-1
SN-1
SN-2
SN-2
SN-3
SN-3

LC-1
LC-1
LC-2
LC-2
LC-3
LC-3

ucC-1
ucC-1
ucC-2
ucC-2
UC-3
UC-3

0O-191
0O-191
0-192
0-192
0-202
0-202
0-207
0-207

S-182
S-182
S-196
S-196
5-200
$-200
S-224
5-224

C-50
C-50
C-51
C-51
C-52
C-52

—F —F

F—

—F

e

-+

F—F

— k= =F

PORE-SIZE DISTRIBUTION

Mean of
Maximum
Diameter

(mm)

0.396
0.510
0.567
0.276
0.603
1.09

0.161
0.115

0.334

0.046

0.196
0.414
0.209
0.196
0.087
0.247

1.30

0.035
0.736
0.115

0.698

3.32
1.99
1.29
0.486
1.27
1.21

0.321
0.339
0.540
0.752
0.312
0.320
0.332
0.282

0.162
0.219
0.146
0.202
0.126
0.247
0.166
0.144

0.161
0.129
0.115
0.414

Standard
Deviation

(a)

0.340
0.543
0.683
0.110
0.707
1.78

0.177

0.033

0.114
0.153
0.507
0.164
0.055
0.139

1.28
0.016
0.748
0.065

0.546

1.76
1.19
0.823
0.325
0.681
0.529

0.311
0.306
0.580
0.580
0.312
0.303
0.286
0.337

0.104
0.138
0.085
0.236
0.086
0.171
0.136
0.131

0.087
0.032

FOR EACH THIN SECTION OF KANSAS BUILDING LIMESTONE

PORE-SHAPE DISTRIBUTION

Mean of Ratio
of Maximum to
Minimum Diameter

2.71
2.37
2.69
2.97
2.81
3.43

.50
.38
.70

— — b0

— N — N

— N0 DY = DR — N BN RO = B0 — — = RN
<
=

Standard
Deviation

(a)

1.577
1.409
2.072
1.602
1.877
2.229

0.316

1.414

0.120
0.302
1.134
2.188
0.682
0.633

0.785
0.707
0.071
0.177

0.276

0.294
0.390
0.955
0.393
0.696
0.911

1.039
0.897
0.726
1.010
1.234
0.882
1.184
0.988

0.763
0.533
0.941
1.487
0.764
0.952
1.014
0.888

0.339
0.907








