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JOHN W. HARBAUGH
WILLIAM DAVIE, JR.

Stanford University, Stanford, California

Upper Pennsylvanian Calcareous Rocks

Cored in Two Wells

In Rawlins and Stafford Counties, Kansas

ABSTRACT

This report describes Upper Pennsylvanian rocks
encountered in continuous cores taken from the
Skelly Oil Company No. 1 Bartosovsky well in sec.
9, T 1 5. R 34 W, Cahoj oil field, Rawlins County,
and the Stanolind Oil and Gas Company (now Pan
American Petroleum Corporation) No. 3 Denker well
in sec. 10. T 22 S, R 12 W, Max oil field, Stafford
County, Kansas. Lithology and small-scale petro-
logic features of the limestones and calcareous silt-
~tones in the cores are described in detail and illus-
trated in photographs.

Porosity and permeability data obtained from core
analvses are shown graphically. Most porosity is
related to sedimentary breccias, stylolites, masses of
void-filling calcite, fractures, odlites, and fossils.
Breccias and calcite masses are interpreted to have
formed partly as a result of contraction of the sedi-
ment before final consolidation,

Resumen

Este informe describe las rocas de la alta Pennsyl-
vaniano encontradas en ntcleos continuos sacados del
pozo Bartesovsky No. 1 de la Skelly Oil Company en
la seccion 9, T1S, R34W, yacimiento petrolifero Ca-
hoj, condado de Rawlins, y del pozo Denker No. 3 de
Ja Stanolind Oil and Gas Company (actualmente la
Pan American Petroleum Corporation) en la seccion
10. T225, R12W, yacimiento petrolifero Max, condado
de Stafford, Kansas. Las caracteristicas litologicas y
petrologicas en pequefia escala de calizas y limonita
calcirea en los nicleos se describen en detalle y se
ilustran en fotografias.

Los datos de porosidad v permeabilidad obtenidos
de los andlisis del niicleo se muestran grificamente.
I.a mayor parte de la porosidad estdd relacionada con
brechas sedimentarias, estilolitas, masas de caleita
que llenan los huecos, fracturas, oolitas y fosiles. A
las brechas y las masas de caleita se les de la inter-
pretacion de haberse formado parcialmente como
resultado de la contraccion del sedimento antes de
la consolidacion final.
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Résumé

Ce rapport décrit les rcches du Pennsylvanien su-
périeur rencontrées dans des carottages continus pro-
venant du puits N° 1 Bartosovsky de la Skelly Oil Co
dans la section 9, T1 S, R 34 W du champ pétroli-
féere de Cahoj, Rawlins County, et du puits N° 3
Denker de la Stanolind Oil and Gas Co (actuellement
Pan American Petroleum Corp.) dans la section 10,
T 22 S, R 12 W du champ pétroliféere Max, Stafford
County, Kansas. La lithologie et les caractéres pé-
trologiques A petite échelle des calcaires et des “silt-
stones” calcareux des carottes sont décrits en détail
et illustrés par des photographies.

Les données sur la porosité et la perméabilité
obtenues par l'analyse des carottes sont représentées
graphiquement. La majeure partie de la porosité est
en relation avec des bréches calcaires, des stylolithes,
des masses de calcite remplissant des vides, des frac-
tures, des oolithes, et des fossiles. Bréches et masses
de calcite sont interprétées comme formées partielle-
ment lors de la contraction du sédiment avant sa
consolidation compléte.

Zusammenfassung

Dieser Bericht beschreibt aus oberem Oberkarbon
stammende Felssteine, die in ununterbrochenen Ab-
lagerungen gefunden wurden und zwar in den fol-
genden Bohrschiichten: Bartosovsky-Schacht No. 1
der Skelly Oil Company, sec. 9, T 1 S, R 34 W,
Cahoj Petrolcumfeld, Rawlins County, und Denker-
Schacht No. 3 Stanolind Oil and Gas Company (nun-
mehr Pan American Petroleum Corporation), in sec.
10, T 22 S, R 12 W, Max Petroleumfeld, Stafford
County, Kansas. Lithologie und kleinschuppige
gesteinskundliche Merkmale der Kalksteine und der
kalkartigen Schlammsteine in den Ablagerungen sind
cingehend  beschrieben und  mittels Fotograten il
lustriert,

Porositiits: und Durchdringungsvermigen~angaben,
die durch Analvse der Ablagerungen erhalten wur-
den, sind graphisch dargestellt,  Die meiste Porosi-
tat steht im Zusammenhang mit Sedimentbreccien,
Styloliten,  Massen  von  raumfullenden  Kalkstein,
Bruch-tucken, Oolithen und Versteinerungen.  Man
nimmt an, dass die Breecien- und Calcitmassen die
Folge des Zusammenzichens des Sediments vor der
endgaltizen Konsolidierung sind.
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INTRODUCTION

This report describes cores from the Skelly
Oil Company No. 1 Bartosovsky well, SE SW
SW sec. 9, T1 S, R 34 W, Cahoj oil field,
Rawlins County, and the Stanolind Oil and
Gas Company (now Pan American Petroleum
Corporation) No. 3 Denker well, NE NW SW
sec. 10, T22 S, R 12 W, Max oil field, Stafford
County, Kansas (Pl. 1). These wells are of
exceptional interest because coring was con-
tinuous in an interval from 3850 to 4245 feet
in the Bartosovsky well and from 3293 to 3547
feet in the Denker well. The cored intervals
span Upper Pennsylvanian rocks (upper Mis-
sourian and lower Virgilian) included in the
Lansing and Kansas City Groups. In addition,
rocks of the overlying Douglas Group and
part of the Shawnee Group were cored in the
Bartosovsky well. Long cores are seldom re-
covered in oil-well drilling operations in Kan-
sas. Thus, cores of the Bartosovsky and
Denker wells present an exceptional opportun-
ity for detailed study of a sequence of lime-
stones and siltstones, some of which serve as
oil-reservoir rocks.

The goals in this study have been (1) to
describe the lithology of the calcareous rocks
of the cores and (2) to attempt to deduce
the lithologic factors that influenced porosity
and permeability in them. Improved under-
standing of these factors should be of help
in exploring for oil in Kansas and elsewhere.

METHOD OF STUDY

Limestones and highly calcareous siltstones
in the cores were studied by means of verti-
cally oriented acetate peels and negative pho-
tographic prints made by direct projection of
the peels. The method of making peels has
been outlined by Harbaugh (1959a). Peels
were made from core specimens of limestones
and calcareous siltstones at approximately one-
foot intervals. The peels were examined with
a low-powered binocular microscope. Shales
and relatively non-calcareous siltstones were
not studied.

Additional information about the cored in-
tervals is provided by electric logs, which
include spontaneous-potential, resistivity, and

microlaterolog curves. These curves are re-
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produced on Plate 1. The Heebner Shale and
Leavenworth Limestone are identified on the
logs because of their importance as strati-
graphic markers in the subsurface of central
and western Kansas.

To facilitate description of the cores, depth
intervals based on major lithologic changes
have been assigned numbers from top to bot-
tom. Features in the cores are described
interval by interval in Tables 1 and 2.

ACKNOWLEDGMENTS

H. O. Smedley, of the Skelly Oil Company.
and H. L. Olson and G. A. Younie, of the Pan
American Petroleum Corporation (formerly
Stanolind Oil and Gas Company), made the
cores and core analyses available for study.
The cores are on file at the State Geological
Survey of Kansas.

LITHOLOGY OF LIMESTONES AND
CALCAREOUS SILTSTONES

GENERAL DESCRIPTION

Limestones in the cores usually contain
some argillaceous silty material (Fig. 1). Silt-
free limestones are rare. Differentiation be-
tween silty limestone and calcareous siltstones
is arbitrary because the proportion of silt is
continuously variable. In spite of intergrad-
ing lithologies, different lithologic units may
be readily recognized (Pl. 1).

Differences in rocks of the cored intervals
between the two wells and between their strati-
graphic equivalents at the outcrop belt in
eastern Kansas (Pl. 1) are as follows: (1)
Limestones in the Bartosovsky core are more
silty than limestones in the Denker core; lime-
stones in the Denker core are, in turn, more
silty than limestones in the outcrop belt. (2)
Limestones in the cores contain very small
proportions of recognizable calcareous algae,
whereas limestones in the outcrop belt, par-
ticularly in southeastern Kansas, are rich in
calcareous algae (Harbaugh, 1959a, 1960).
(3) Odlitic limestones were not observed in
the Bartosovsky core, but are present in the
Denker core (Pl. 1.B) and are abundant in
some stratigraphic units along the outcrop belt

(Moore, et al., 1951, p. 63-90). (4) Lime-
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stones in the Bartosovsky core are more por-
ous and permeable than those in the Denker
core. (5) Limestones in both cores have
numerous fine silty laminations and small-
scale cross-laminations, whereas these features
seem to be less common in the outcrop belt.
It is probable that differences between rocks
in the cores and the outcrop belt reflect major
differences in environments of deposition.

SMALL-SCALE SEDIMENTARY FEATURES
OF THE CALCAREOUS ROCKS

Limestones in the cores display various
types of small-scale sedimentary features, as
follows:

Laminations.—Most of the limestones and
calcareous siltstones have laminations created
by variations in silt content. The laminations
tend to be very irregular (Fig. 1.4), but some
are distinctly cross-laminated (Fig. 1.B).
Cross-laminations indicate deposition of dis-
crete fine particles rather than precipitation
in place (Harbaugh, 1959b).

Odlitic zones and cross-bedding.—OQdlites
occur in nine zones in the Denker core (Pl
1.B), and at 3431-3432 feet in the Denker
core, oblites form cross-beds (Fig. 2,4).

Breccias.—Limestone breccias occur at
three horizons in the Bartosovsky core (PL
1.4) and at seven horizons in the Denker
core (Pl. 1.B). The breccias (Fig. 2,B; 3)
generally consist of subangular to highly angu-
lar fragments of low-silt limestone in a matrix
of silty limestone or calcareous siltstone. The
fragments are up to several inches long.

The origin of the breccias is not well under-
stood.  Some of them (Fig. 3) may have been
formed by the breaking up and redeposition
of weakly consolidated sediment by currents
along the sea floor. If breccias were formed
in this manner, however, the fragments were
not appreciably rounded in the process of
being transported and redeposited. Other
breeeias appear to have been formed as a re-
sult of the partial collapse of the sediment
(Fiz. 2.8, A cause of collapse may be con-
traction or shrinkage of the sediment before
complete consolidation, due to the loss of in-
terstitial water.  Seemingly, this process could
cause brecciation without solution of caleium
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carbonate. For example, if partly consoli-
dated sediment had been exposed to the air,
drying and cracking might have produced
breccias. On the other hand, extensive solu-
tion of calcium carbonate probably caused
other breccias. The close association of stylo-
lites and breccias in some examples suggests
that extensive solution along stylolitic boun-
daries may have caused local collapse and
brecciation.

Osagites.—Qsagites, consisting largely of
various sized particles coated with Osagia.
occur in several beds in the Denker core. The
Osagia laminae have been interpreted as rep-
resenting a commensal relationship between
an alga and Ammovertella, a foraminifer
{Lane, 1958, p. 1.15).

Vertical tubes—In places in the Denker
core there are irregular, vertically oriented,
tubelike features (Fig. 4) containing parti-
cles cemented with visably crystalline, void-
filling calcite (for a description of void-filling
calcite, see Harbaugh, 1961). The tubes were
probably formed by burrowing organisms be-
fore the sediment was consolidated.

Collapse structures.—In both cores, masses
of void-filling calcite locally form irregular-
shaped, complexly interconnected masses (Fig.
5). The calcite is interpreted to be filling in
voids produced by shrinkage and collapse of
partially consolidated sediment.

Filled shrinkage cracks.—Irregular-shaped
masses of void-filling calcite which probably
formed as shrinkage-crack fillings are common
in fine-grained limestones in both cores. Some
of the crack or fracture fillings are narrow
{Fig. 6.4), whereas others are broad (Fig.
6.5).

Irregular blebs of visibly crystalline cal-
cite—lrregular, small blebs of visibly crystal-
line calcite are abundant in some beds in both
cores {Fig. 7). The origin of the blebs is
puorly understood. Some of the blebs may be
of fragmental origin (Fig. 7,4), but others
{Fig. 7,B) may be fillings of gas pockets
{Cloud, 1960).

Stylolites.—Stylolites are extremely com-
mon and in negative peel prints commonly
appear as light-colored, irregular streaks (Fig.
8.4). Stylolites formed by solution of the
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calcium carbonate, leaving an accumulation of
silt and clay, which was originally incorpo-
rated in the limestone. In some parts of the
cores, the amount of carbonate material re-
moved by solution appears to be relatively
large—perhaps as much as 10 to 15 percent
of the original rock volume. A rough measure
of the effectiveness of solution along stylolites
is provided by fossils that have been “eaten
away” but whose original dimensions can be
estimated (Fig. 8,4).

POROSITY AND PERMEABILITY
OF LIMESTONES

Limestones in both cores (Pl. 1) vary
widely in porosity and permeability from
specimen to specimen. Measured effective po-
rosities range from 0.9 to 22.1 percent in the
Bartosovsky well and from 1.6 to 17.8 percent
in the Denker well. Permeabilities range from
less than 0.1 to 2200 millidarcies in the Bar-
tosovsky core, and from less than 0.5 to 34
millidarcies in the Denker core. Megascopic
pores are confined principally to limestones
that contain relatively small proportions of
silt. Seven modes of pore occurrence may be
distinguished: (1) pores of irregular size and
shape that seem randomly located (Fig. 9,4) ;
{2) pores associated with breccias; (3) those
associated with stylolites (Fig. 8,B) ; (1) those
associated with oblites (Fig. 2,4): (5) those
in fractures (Fig. 9,B); (6) those occurring
in places formerly occupied by void-filling
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calcite; and (7) those inside fossils. All of
these modes intergrade with one another.

In the cores virtually all visible pores were
formed by solution of calcium carbonate, as
evidenced by aggregations of insoluble silt as
rims around the pores. On negative peel
prints the silt appears as light areas (Fig. 9).

Small interconnected pores must have been
present after lithification and provided access
for ground water that entered later. In some
examples, factors that control distribution of
pores are not readily apparent (Fig. 9,4},
but in others (Fig. 9,B), small fractures seem
to govern locations of pores. Perhaps frac-
tures are actually more common than they
appear to be. If so, pores whose locations
seem to be random may actually be controlled
by presence of minute fractures.

Pores located along stylolites (Figz. 8) and
in breccias are common. Some breccias prob-
ably formed as a result of solution along stylo-
lites. However, pore space gained through
solution along stylolites has probably been
much less than the volume of carbonate dis-
solved, because compaction and subsidence
along stylolites probably has tended to destroy
most of the porosity that might have otherwise
been formed.

Pore size and permeability in the cores are
closely related. The highest measured perme-
abilities in the Bartosovsky core occur in inter-
val 18 and in the Denker core in interval 3.
In these intervals the pores are up to one-half
inch in maximum dimension.
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16 Kansas Geol. Survey Bull. 170, Pt. 6, 1964

TasLe 1.—Description of Upper Pennsylvanian core from Skelly No. 1 Bartosovsky well, Rawlins County,
Kansas. The core has been divided into 21 lithologic intervals, numbered from the top downward (Pl
1,4). Stratigraphic names of intervals are given where correlations have been made.

SHAWNEE GROUP

Interval 1: 3850-3855 feet  Silty limestone and calcareous siltstone; abundant fossils include fragments of
shells and crinoid stems; fossils are poorly sorted; dolomite rhombs present probably formed by replace-
ment; megascopic pores not observed.

Interval 2: 3855 to 3875 feet  Caleareous siltstone; fossils are mostly fragments of shells and crinoid stems;
small-scale cross-laminations common; porosity very low, although trains of small pores occur along fractures
and within shells,

Oread Limestone

Interval 3: 3875-3890 feet  Silty, fine-grained limestone; fossils scarce, although fragments of crinoid stems
are present; small-scale cross-laminations common; silty material aggregated in fine wisps along stylolites;
visible pores few, but measured porosities range from 5 to 12 percent; measured permeabilities very low.

Interval 4: 3890-3923 feet  Calcareous siltstone; fossils scarce; most of rock extremely fine grained: small-
scale cross-laminations common (Fig. 1,B); visible pores scarce although solution-enlarged fractures are
present.

HeeBNER StALE MEMBER
Interval 5: 3923-3927 feet  Calcareous siltstone; contains small shells; visible pores scarce.
LeavENWORTH LiMESTONE MEMBER

Interval 6: 3927-3933 feet  Silty limestone; contains some fine-grained calcarenite composed of fusulinids
and fragments of crinoid stems; calcarenite is moderately sorted; sedimentary structures include small ir-
regular-shaped pockets of calcarenite that protrude into fine, silty limestone; visible pores are mostly
iolu!iomenlargcd fractures; core analyses show porosities from 1 to 17 percent, but permeabilities are very
ow.

DOUGLAS GROUP (may include part of Shawnee Group)

Interval 7: 3933 to 3975 feet  Calcareous siltstone and silty sandstone; very few fossils; megascopic pores
scarce.

LANSING AND KANSAS CITY GROUPS

Interval 8: 3975 to 3991 feet  Silty limestone; contains some fusulinid-bearing calcarenite and breccias
composed of angular fragments of silt-free limestone in matrix of silty limestone (Fig. 3,4) ; stylolites bound
some breccia fragments, suggesting that brecciation may have continued after deposition of sediment; poros.
ities range from 3 to 13 percent, but permeabilities are very low; visible pores abundant in places, occurring
at fractures (Fig. 9,B), within spaces formerly occupied by void-filling calcite, along margins of breccia
fragments, and at stylolites.

Interval 9: 3991 to 4029 feet  Calcareous siltstone; contains minor proportions of calcarenite: fossils con-
sist of fusulinids and erinoid stem fragments; visible pores scarce; measured porosities range from 3 to
19 percent, and permeabilities range from less than 1 to 35 millidarcies.

Interval 10: 4029 to 4038 feet  Silty limestone; fossils scarce, although scattered fusulinids, shells, and
crinoid stem fragments are present; breccias, stylolites, and small-scale cross-laminations are present: brec-
cias may have formed by local collapse of sediment, forming open spaces which were filled later with caleite;
porosities range from about 2 to 11 percent; but permeabilities are very low.

Interval 11: 4038 to 4079 feet  Calcareous siltstone; contains a single limestone bed from 4051 to 4053 feet:
fossils scaree, although scattered fusulinids and erinoid stem fragments are present; visible pores scarce;
porosities range from 1 to 11 percent, but permeabilities are very low.

Interval 12: 3079 to 4095 feet  Silty limestone; fine-grained; fossils searce, although scattered shells and
crinoid stem fragments are present: contains breccia fragments of low-silt limestone in silty limestone matrix
(Fig. 2.8) : irregular-shaped masses of visibly ervstalline caleite are interpreted to occupy former voids pro-
duced by shrinkage and collapse of partly consolidated sediment; visible pores scarce; porosities range
from 3 to 16 percent, but permeabilities are very low.

Interval 13: 4095 to 4127 feet  Siltstone; not studied.

Interval 14: 4127 to 4139 feet  Silty limestone; fusulinids and fragments of erinoid stems are present;
void-iilling calcite occurs locally between breccia fragments; visible pores are abundant locally: some pores
are associated with stylolites, but others appear randomly located: porosities range from 2 to 22 percent, and
permeabilities from less than 0.1 to 211 millidarcies.
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Harbaugh and Davie—Upper Pennsylvanian, Rawlins and Stafford Counties, Kansas 17

Interval 15: 4139 to 4145 feet  Shale; not studied.

Interval 16: 4145 to 4149 feet Limestone; fine-grained, slightly silty; fusulinids, shells, and small crinoid
stem fragments are present; visible pores are scarce; porosities range from 3 to 15 percent, and permea-
bilities from less than 1 to 23 millidarcies.

Interval 17: 4149 to 4168 feet  Siltstone; not studied.

Interval 18: 4168 to 4186 feet Limestone and silty limestone; fossils consist of Osagia-encrusted shell frag-
ments; stylolites and breccia fragments are present; in places limestone is mottled; mottlings may represent
burrowings; irregular-shaped small masses of void-filling calcite occur locally (Fig. 6,B). Visible pores
are abundant, some up to one-half inch in long dimension; some pores occur along fractures and within
fossils, but most seem randomly located (Fig. 9,4) ; porosities range from 2 to 20 percent, and permeabhilities
range from less than 0.1 to 2200 millidarcies.

Interval 19: 4186 to 4211 feet Calcareous siltstone; contains scattered shells; abundant stylolites are
marked by aggregations of silt; visible pores common; some pores seem randomly located, although others
are associated with stylolites.

Interval 20: 4211 to 4223 feet  Silty limestone; fossils consist of small shells and fragments of crinoid
stems; at 4222 feet, rock consists mostly of Osagia-coated shell fragments; porosities range from 1t to 21
percent, but permeabilities are less than 1 millidarcy.

Interval 21: 4223 to 4245.7 feet (base of core)  Calcareous siltstone; low-silt limestone units occur at
1232-4236 and 4242-4244 feet; fossils are locally abundant and consist mostly of shells and fragments of
crinoid stems; shell fragments coated with Osagia occur at 4242 feet.

TasLe 2.—Description of Upper Pennsylvanian core from Stanolind Oil and Gas Company No. 3 Denker
well, Stafford County, Kansas. The core has been divided into 23 lithologic intervals, numbered from the
top downward (Pl. 1,B).

LANSING AND KANSAS CITY GROUPS

Interval 1: 3297 to 3315 feet Calcareous siltstone and silty limestone (Fig. 1,4) ; contains some shale at
top of interval; fossils include corals, abundant crinoid stem fragments, scattered fusulinids and Osagia-
encrusted shell fragments; fossil material is poorly sorted; at 3313 feet fusulinids tend to be oriented in
same general direction; one-inch-thick chert layer occurs at 3307 feet; chert fills some shells, and others
are filled with calcite; irregular-shaped, small masses of void-filling calcite occur throughout interval and
may have formed through filling of open spaces formed by partial collapse of semi-consolidated fine-grained
sediment; small-scale cross-laminations present; zones of calcareous shale up to one-half inch in thickness
occur locally; visible pores not observed.

Interval 2: 3315 to 3318 feet Shale; hard; micaceous; not studied.

Interval 3: 3318 to 3332 feet Limestone; silty, fine-grained; calcarenite present in some zones; fusulinids
are abundant at 3322 feet, crinoid stem fragments are extremely abundant at 3321 to 3329 feet, and Osagia-
coated shell fragments occur at 3329 feet; pellets, fusulinids, and shells form calcarenite in interval 3321 to
3322 feet; fusulinid-rich calcarenite is moderately well-sorted, but sorting in other intervals is poor; sedi-
mentary features include stylolites (Fig. 8,4) ; irregular fine laminations and small-scale cross-laminations;
«ilt is aggregated in fine wisps along small stylolites; porosity is low except from 3326 to 3329 feet, where
measured porosities arc 8.8 and 16 percent, and permeabilities are near zero and 35 millidarcies, respectively.

Interval 4: 3332 to 3334 feet  Shale; dark gray; hard; not critically studied.

Interval 5: 3334 to 3353 feet  Limestone; silty, fine-grained: some calearenite: small shale-filled fractures
common near bottom interval; six-inch-thick unfossiliferous shale bed oceurs at 3342 feet, and six-inch thick
fossiliferous shale containing dense limestone nodules occurs at 3351 feet: fossils consist of shells and
crinoid stem fragments; Osagia-encrusted shell fragments occur locally; sedimentary features include bree-
cias, stylolites, collapse structures (Fig. 5), and small-scale cross-laminations; visible pores oceur at frae-
tures, within spaces formerly occupied by void-filling caleite, and at stylolites; porosities are about 13.5
percent at 3340 feet, but permeabilities are 3 to 4 millidarcies.

Interval 6: 3353 to 3357 feet  Silistone; gray, hard, calcarcous: dense limestone nodules are present:
abundant fossils include fusulinids, bryozoans, brachiopods, and crinoid stem fragments; visible pores scaree.

Interval 7: 3357 to 3383 feet  Silty limestone: contains three, one-foot thick caleareous shale heds con-
taining abundant shells and crineid stem fragments; irregular-shaped patches of pyrite and scattered clort
nodules occur in limestone; Osagia-encrusted shell fragments common; small-scale cross-laminations pres-
ent; in places nearly vertical fractures (Fig. 6,4) are filled with caleite,

Interval 8: 3383 to 3385 feet  Shale; brown; not studied.
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Interval 9: 3385 to 3418 feet  Limestone; fine-grained, dense, slightly silty; scattered fusulinids, bryozoans,
shells, and crinoid stem fragments are present; stylolites common; solution-enlarged stylolites (Fig. 8,8)
are marked by silty residues and pyrite crystals; locally in lower part of interval, scattered masses of pyrite
and dolomite impart a mottled appearance; small chert nodules are present in lower part of interval; visible
pores rare, except along some stylolites.

Interval 10: 3418 to 3423 feet  Limestone; fine-grained, silty: thin lenses of shale occur throughout inter-
val; abundant fusulinids, and fragments of bryozoans, crinoid stems and shells occur in both shale and
limestone; irregular patches of pyrite at 3421 feet impart mottled appearance to rock; oilites occur at
3422 feet, megascopic pores not observed.

Interval 11: 3423 to 3126 feet  Shale; not studied.

Interval 12: 3426 10 3443 feet  Limestone; silty, fine-grained: calcarenite containing shells and erinoid stem
fragments occurs locally; sedimentary features include stylolites, irregular fine laminations, tubelike struc-
tures (Fig. 4), smallscale cross-laminations, breccias (Fig, 3.8), and cross-bedded oélite (Fig. 2,4) ;
breceia fragments consist of silt-free, dense limestone; stylolites bound some breccia fragments: visible pores
abundant in breccia and odlitic beds near top of interval, but porosities and permeabilities are low.

Interval 13: 3443 10 3445 feet  Shale; not studied.

Interval 14: 3445 to 3481 feet  Limestone; silty, fine-grained; unfossiliferous, dense limestones oceur at
3H15-3418, 3450-3452, 3400-3467, and 3478-3481 feet; calcarenite composed of fusulinids and shell fragments
present in some beds; shell fragments coated with Osagia occur locally; sedimentary features include small-
scale cross-laminations, stylolites, breccias, and irregular-shaped small masses of void-filling calcite; visi-
ble pores are as great as one-half inch in width; many pores appear randomly located, but some occur
along fractures and stylolites; porosities range from 3 to ]4 percent and permeabilities from near zero to
28 millidarcies.

Interval 15: 3481 to 3488 feet  Calcareous siltstone and silty calcarenite: fusulinids and erinoid stem and
shell fragments abundant; visible pores locally abundant.

Interval 16: 3488 to 3505 feet  Limestone; fine-grained, lithographie, silty; scattered shells present; irregu-
lar-shaped, shale-filled stringers containing scattered pyrite crystals are common; mottlings from 3488 to 3193
fret may represent animal burrowings; porosities range from 1 to 5 percent, but permeabilities are very low.

Interval 17: 3505 to 3519 feet  Limestone; fine-grained, very silty; fossils include gastropods, bryozoans,
and crinoid stem fragments; Osagia-encrusted shell fragments are common; some shells are filled with chert
and others contain calcite; irregular fine laminations and small-scale  cross-laminations are present; small
megascopic pores occur in lower part of interval.

Interval 18: 3519 to 3522 feet  Siltstone; not studied.

Interval 19: 3522 to 3530 feet Limestone; silty, fine-grained, dense: fossils most abundant near top of
interval; small, irregular masses of visibly crystalline calcite (Fig. 7,8) common; stylolites and small frac-
tures common,

Interval 20: 3530 to 3534 feet  Shale, brown, soft; not studied.

Interval 21: 3534 to 3543 feet  Limestone; silty, fine-grained; calcarenite composed of fusulinids, crinoid
stem and shell fragments occur locally; small-scale cross-laminations and breccias present; irregular-shaped
masses of silty limestone may Dbe filled animal burrows; visible pores small, porosity and permeability low.
PLEASANTON GROUP (?)

Interval 22: 3543 to 3546 feet  Shale; not studied.

Interval 23: 3546 to 3547 feet  Conglomerate; not studied.
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Plate |
GRAPHIC DESCRIPTIONS OF CORED INTERVALS _
Presence of void-filling calcite and sedimentary breccia shown by black B. Stanolind No. 3 Denker
intervals in columns 6 and 7. Porosity and permeability values shown by dots NE NW SW, sec.10, T 22 S, RI12 W, Max Field, Stafford County
in columns 8 and 9. Presence of oolites shown by small open circles adjacent
to column 3 of Denker well.
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