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Abstract

The Shore Airport Formation in the Hugoton embayment of the Anadarko basin is a new subsurface stratigraphic
unit for peloid packstone and maroon calcareous shale of the previously unnamed strata in the Chesterian Stage. Shore
Airport strata in southwestern Kansas are unconformably underlain by the Ste. Genevieve Limestone (Chesterian) and
unconformably overlain by the Kearny Formation (Morrowan). Argillaceous Shore Airport strata are distinct from
Ste. Genevieve quartzose carbonates that typically contain little shale. Lower Kearny strata generally contain
increased percentages of siliciclastic and sandy marine carbonates. The unit is named for the Shore Airport SW 7.5-
min quadrangle, Morton County, Kansas. A core from the Amoco #1 Breeding F (sec. 34, T. 31 S.,R. 40 W.) contains
40.6 ft (12.4 m) of Shore Airport strata and is designated as the type section.

Two facies are recognized from the type section. Peloid packstone is greenish-gray to maroon in color and is the
dominant facies. Paucity of stenohaline marine allochems, fine grain size, and micrite matrix indicate deposition in
a low-energy, restricted-shelf environment. Rhizoliths, drab-haloed root traces, and glaebules suggest reddish color
in maroon peloid packstone intervals accumulated in a B_ soil horizon (zone of illuvial accumulation of sesquioxides).

These paleosols are interpreted as inceptisols (sesquioxide-rich, clay-poor paleosols).

Peloid packstone is intercalated with maroon calcareous shale. Slickensides, glaebules, drab-haloed root traces,
rhizocretions, and blocky peds indicate these maroon shale intervals formed in a B, soil horizon (zone of illuvial
accumulation of clay and sesquioxides). The paleosols are interpreted as alfisols (sesquioxide-rich, clay-rich

paleosols).

Introduction

Mississippian strata in Kansas are confined to the sub-
surface, with the exception of outcrops of Burlington—Keokuk
Limestone and Warsaw (Osagean) in two townships in Chero-
kee County, in the extreme southeastern corner of the state
(Thompson and Goebel, 1968; Kammer et al., 1990; Maples,
this volume). In nearby states, Chesterian strata crop out in
southwestern Missouri (Thompson, 1986), northwestern
Arkansas (Glick, 1979), and northeastern Oklahoma (Frezon
and Jordan, 1979). Outcrops of Chesterian strata are absent
from Colorado, with the exception of the extreme northwest-
ern part of the state (DeVoto, 1980).

Little detail is known about the lithology and deposition
of the previously unnamed portion of the Chesterian in

southwestern Kansas. Amoco #1 Breeding F is proposed as
a type section for the Shore Airport Formation (Chesterian,
new name), because it contains contacts with the underlying
Ste. Genevieve Limestone and the overlying Kearny Forma-
tion. In the type section, the Shore Airport Formation
consists of peloid packstone and maroon calcareous shale.
Argillaceous Shore Airport strata are distinct from underly-
ing Ste. Genevieve quartzose carbonates that typically con-
tain little shale. Overlying lower Kearny strata generally
contain increased percentages of siliciclastic and sandy ma-
rine carbonates. Core study of the Shore Airport is important
in increasing our understanding of sedimentation of Upper
Mississippian strata.

Previous Investigations

Most previous authors refer to Chesterian strata in south-
western Kansas as all Mississippian strata above the Ste.
Genevieve Limestone. In this report, however, the Ste.
Genevieve is also considered to be Chesterian (Maples and
Waters, 1987). Indiscussion of previous works, however, the
reference to Chesterian strata excludes the Ste. Genevieve.

Strata of Chesterian age were first recognized, but not
described, by Robert Roth (in McClellan, 1930, p. 1,548)
from samples of the uppermost 400 ft of the Mississippian

from Watchorn Oil and Gas Company #2 Morrison in Clark
County (Lee, 1940). Chesterian strata in southwestern Kan-
sas were originally described by McClellan (1930). Dille
(1932) identified Chesterian strata from northwestern Okla-
homa, southwestern Kansas, and southeastern Colorado.
Chesterian strata also have been reported from southeastern
Kansas (Lee, 1940; Goebel, 1968). The identification of
Chesterian strata in southeastern Kansas, however, was prob-
ably erroneous (Maples, this volume).
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Clair (1948, 1949) provided details on the lithology of
Chesterian strata in southwestern Kansas. Based on cuttings,
Clair recognized three lithologic groups in southwestern
Meade and southeastern Seward counties (in ascending strati-
graphic order): 1) variegated maroon and green shales or
sandy limestones; 2) finely crystalline, very finely sandy
limestone intercalated with variegated gray, green, and ma-
roon shales; and 3) slightly porous oolitic and fossiliferous
limestone. The Shore Airport Formation in the Amoco #1
Breeding F is lithologically similar to the interstratified fine-
grained limestones and variegated shales described by Clair
(1948, 1949) and Beebe (1959a, 1959b). Although absent in
the Amoco #1 Breeding F, sandstones occur locally at the
base of the Shore Airport in Haskell, Stevens, and Seward

counties (Clair, 1948, 1949; Veroda, 1959; Fugitt and
Wilkinson, 1959; Shonfelt, 1988). In addition, Goebel (1968)
and Goebel and Stewart (1979) provided generalized de-
scriptions of Chesterian strata.

Oolites at the top of the Shore Airport are petroliferous
and comprise the reservoir beds of the Adams Ranch Pool in
Meade County, Kansas (Clair, 1948, 1949). Oolitic
grainstones are productive from uppermost Chesterian strata
in the panhandle of Oklahoma (Asquith, 1984). This facies
is absent from the type section of the Shore Airport Formation
in Morton County. Oolitic grainstones may have been
removed by Late Mississippian—Early Pennsylvanian ero-
sion associated with the sub-Pennsylvanian unconformity.

Regional Geology and Stratigraphy

Shore Airport strata in Kansas are presently restricted to
the southwestern part of the state (fig. 1). The original extent
of Shore Airport strata is unknown due to erosion associated
with subaerial exposure during Late Mississippian—Early
Pennsylvanian time.

Mississippian carbonates in Kansas were deposited on a
shelf that extended southward from the Transcontinental
arch. Deposition of argillaceous carbonates and siliciclastics
of the Shore Airport marks the termination of dominantly
carbonate deposition that continued throughout much of
Mississippian time (Lane and De Keyser, 1980).

Shore Airport strata are underlain by the Ste. Genevieve
Limestone (Chesterian) (fig. 2). Many of the quartzose
grainstones in the Ste. Genevieve of southwestern Kansas are
eolian in origin (Handford, 1990; Handford and Francka,
1991; Abegg, 1991, this volume). These eolianites are
interbedded with subtidal strata (Abegg, 1991, this volume).
Shore Airport strata are truncated at the sub-Pennsylvanian
unconformity and are overlain by Morrowan strata. In Clark
County, the informal “Gray group” (cf. Youle, 1991) and
locally the Cherokee Group overlie the Shore Airport Forma-
tion (Goebel and Stewart, 1979).

Methods

This report stems from a more comprehensive study
(Abegg, 1992) that examines Upper Mississippian strata in
the Hugoton embayment of the Anadarko basin (fig. 3) in
southwestern Kansas. The Amoco #1 Breeding F core was
described at a scale of 1:12. Carbonate textures were de-

scribed using the classification scheme of Dunham (1962). A
total of 61 thin sections were examined from the Breeding
core. Stratigraphic cross sections of Shore Airport, Ste.
Genevieve, St. Louis, and Salem strata will be presented
separately (Abegg, 1992).

Shore Airport Formation (Chesterian, New Name)

The core proposed for the type section of the Shore
Airport Formation is from the Amoco #1 Breeding F, located
in SW sec. 34, T. 31 S., R. 40 W., Morton County, Kansas
(fig.4). The type sectionis located in and named for the Shore
Airport SW 7.5-minute quadrangle. The core is currently
stored at the Kansas Geological Survey core facility in
Lawrence, Kansas. This well was selected as the type section

because it is the most complete Shore Airport core available
and it contains the contacts with both the underlying Ste.
Genevieve Limestone and the overlying Kearny Formation
(Morrowan). Stratigraphic names from Chesterian outcrops
in nearby regions were not applied because they generally
represent different facies than those present in southwestern
Kansas.

Type Section Facies

The Shore Airport Formation is 40.6 ft (12.4 m) thick in
the Amoco #1 Breeding F; it extends from 5,282.05 to
5,322.65 core depth (fig. 5). Comparison of gammaray peaks
and porous intervals in core and logs indicate log depths are

approximately 10 ft deeper than corresponding core depths
(fig. 6). Peloid packstone and maroon calcareous shale are
the two lithofacies recognized in the type section of the Shore
Airport Formation.
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FIGURE 1—SUBCROP MAP OF MISSISSIPPIAN STRATA BENEATH THE SUB-PENNSYLVANIAN UNCONFORMITY IN KANsAs (modified from Thompson
and Goebel, 1968). St. Louis strata are eroded from southeastern Lane and adjacent Finney counties.

Peloid Packstone Facies

This facies consists of greenish-gray to maroon
packstones. Peloids are common to abundant and are the
dominant allochem in this facies. Rare to common grains
include echinoderms, lithoclasts (intraclasts?), and ooids.
Many of the ooids are extensively micritized. Rare allochems
include fragments of brachiopods and bryozoans, foramin-
ifera, ostracodes, and sponge-spicule casts. Detrital quartz of
silt to very fine sand size comprises approximately 10-40%
of the peloid packstone facies. Muscovite, feldspar, zircon,
and amphibole are minor constituents. Peloid packstones are
typically argillaceous with maximum clay concentrations
along microstylolite swarms. Clays exhibit moderate to low
birefringence and have refractive indices lower than quartz.
This suggests much of the clay is smectite.

Peloid packstone is commonly laminated (fig. 7). Lami-
nae are the result of grain-size and compositional variations;
finer laminae contain greater concentrations of silt and detri-
tal quartz. Laminae are partially disrupted locally. Tubes in

the shale, some filled with sparry calcite, are commonly
rimmed by green haloes with diffuse outer boundaries. Green-
ish color is generally restricted to such haloes. The upper few
centimeters of one maroon peloid packstone (5,287.2-ft
[1,586-m] core depth) contained irregular patches of green-
ish-gray material. Rarely the larger spar-filled tubes are
rimmed by vaguely laminated brownish micrite. Downward
bifurcations with smaller diameters were not observed in any
of the tubes. Well-indurated reddish grains occur locally.

Microstylolite swarms are common in most horizons.
Often the limestone surrounding the calcite spar-filled tubes
resists compaction, producing a nodular appearance. These
nodules grade into stylolitized regions. Few interpenetrating
grain contacts and abundant equant calcite cements in the
nodules indicate compaction was minor. Calcite-cemented
fractures that taper toward the center of nodules are common.
Equant and syntaxial overgrowth calcite cements occur in the
unstylolitized strata, but are nearly absent from
microstylolitized intervals.
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This facies is intercalated with the maroon calcareous
shale facies of the Shore Airport (fig. 5). Peloid packstone is
also interstratified with uppermost Ste. Genevieve quartzose
grainstone, indicating an interfingering of Ste. Genevieve
and Shore Airport facies.

restricted-shelf environment. Mud-poor packstones and ooids
indicate winnowing in an intermittently agitated environ-
ment. Stenohaline marine organisms such as crinoids and
brachiopods are rare, suggesting that salinities deviated from
marine values. The restriction may be the result of poor

circulation in shallow shelf waters. Alternatively, ooid
shoals to the south (Asquith, 1984) may have provided a

Interpretation : : : ; :
barrier to circulation with normal marine waters.

Mud-poor packstones and rare stenohaline marine biota
indicate peloid packstone was deposited in a shallow-water,
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FIGURE 2—UPPER MISSISSIPPIAN LITHOSTRATIGRAPHIC UNITS IN THE HUGOTON EMBAYMENT OF THE ANADARKO BASIN IN WESTERN KANsAs. Shore
Airport Formation (Abegg, this paper), Hugoton and Stevens Members of the St. Louis Limestone (Abegg, this volume), and “Gray
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uplift and the Nemaha anticline. Meramecian—Osagean boundary after Kammer et al. (1990). Scale is approximate as thicknesses
are variable.
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The spar-filled tubes and vaguely laminated brownish
micrite are interpreted as root casts surrounded by rhizocretions
(cf. Klappa, 1980). Many of the tubes, however, lack
rhizocretions and a burrow origin cannot be discounted.
Associated with rhizoliths, maroon color in clay-poor peloid
packstones probably results from concentration of
sesquioxides in the B_ horizon of poorly developed paleosols
(seetable 1 fordefmmons of soil terms). Greenish-gray color

and rhizoliths above these B, horizons suggest possible A
horizons. Greenish-gray patches near the top of one maroon
peloid packstone interval (5,287.2-ft [1,586-m] core depth)
occur immediately below a transgressive surface and are
interpreted to indicate subtidal reduction of iron. Well-
indurated sesquioxide-rich grains are interpreted as glaebules
(cf. Brewer, 1976; Retallack, 1990).

Maroon Calcareous Shale Facies

Clays in the shale have moderate to low birefringence
and refractive indices less than quartz. This suggests much
of the clay is smectite. Detrital quartz of very fine sand to silt
size comprises up to 40% of this facies. Muscovite is rare and
feldspar is extremely rare. Microspar is present locally.
Maroon is the dominant color, although greenish-gray occurs
locally, producing a variegated appearance. Maroon calcar-
eous shale contains localized patches of slightly weathered
limestone that are lithologically similar to interstratified

peloid packstone (fig. 8). Borders of these peloid packstone
patches are commonly stylolitized.

Tubes in the shale, some filled with sparry calcite, are
often rimmed by a green halo with a diffuse outer boundary
(fig. 8). Greenish color is generally restricted to such haloes.
Well-indurated dark-maroon grains are rare. Many broken
surfaces of the core are glossy and striated. Cores of this
facies invariably are rubbly, breaking into roughly equant
blocks.
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Interpretation

This facies is interpreted as a clay-rich alfisol B, horizon.
Such reddish shaly intervals in limestone successions are
commonly termed terra rossa paleosols (e.g., Goldhammer
and Elmore, 1984). Clay and sesquioxides are interpreted to
have been concentrated during paleosol development. The
near absence of feldspar may be the result of weathering and
subsequent breakdown to clays. The rubbly nature of the core
is due to blocky peds and a high clay content.

The tubes are interpreted as roots (cf. Klappa, 1980).
The greenish rims around many of these features are inter-

Abegg—Shore Airport Formation

preted as drab-haloed root traces (Retallack, 1990). Diffuse
outer boundaries indicate that drab-haloed root traces formed
by the reduction of iron around roots during anaerobic decay
(cf. Retallack, 1990). Glossy and striated surfaces are slick-
ensides, which are common in clay-rich paleosols. Slicken-
sides form by expansion and shrinkage due to alternating wet
and dry periods or during compaction (Retallack, 1990).
Well-indurated, dark-maroon grains are interpreted as
glaebules (cf. Brewer, 1976). Slightly weathered peloid
limestone patches are relatively unaltered parent material
(lithorelicts of Brewer, 1976).

Shore Airport Paleosols

The two types of paleosols recognized in the Shore
Airport type section are inceptisols and alfisols. The exact
boundaries of A and C horizons within these paleosols are
commonly difficult to recognize. Sesquioxide- and/or clay-

rich B horizons, however, are easily identified. Figure 9
shows the distribution of horizons in paleosols in the Shore
Airport Formation.
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FIGURE 5 (above and left)—DESCRIPTION OF CORE FROM THE AMOCO #1 BREEDING F. Wireline log depths are roughly 10 ft deeper than core
depths. Right-hand track shows interpretations of shifts in depositional environments. Dashed lines represent shifts without

deposition. Horizontal wavy lines are subaerial exposure surfaces or surfaces bracketing eolian strata. Abbreviations used: SE—

subaerial exposure; [—intertidal or tidally influenced; L—restricted lagoon/shelf; SH—oolitic or skeletal shoal; SM—shallow

marine with evidence of at least intermittent agitation, above or near wave base (WB); M—marine with little winnowing, below wave

base; AD—separates dysaerobic and anaerobic facies from overlying aerobic facies. Depositional textures are also abbreviated:
GR—grainstone, PK—packstone, WK—wackestone, LM—Ilime mudstone. Formations (FMS) are listed in the depth track.
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Inceptisols

Inceptisols are paleosols with relatively minor soil de-
velopment (Retallack, 1990). Maroon color in the peloid
packstone facies is the B_ horizon of inceptisols (fig. 10).
Sesquioxides have accumulated in the B_horizon, but signifi-
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FIGURE 7—PELOID PACKSTONE WITH LAMINATIONS AND MICROSTYLOLITE
SWARMS (M). 5,315-5,316-ft[1,595-m] core depth, Amoco #1
Breeding F.
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FIGURE 8—MAROON CALCAREOUS SHALE (5,316.8-5,319.0ft[1,595-
1,596 m[ and 5,319.5-5,320.2 ft[1,596 m]) INTERBEDDED WITH
PELOID PACKSTONE. Light patches (justabove 5,320 ft[1,596 m])
are interpreted as drab-haloed root traces (D) formed by the
reduction of iron during anaerobic decay. 5,315-5,321-ft
(1,594-1,596-m) core depth, Amoco #1 Breeding F.



cant clay illuviation has not occurred. Rhizoliths, drab-
haloed root traces, and glaebules also typify inceptisol B
horizons. The maroon color suggests these paleosols were
generally well drained and oxidized.

Possible A horizons of inceptisols consist of green,
argillaceous peloid packstone. The green color suggests
reduction of iron (gleying), possibly the result of near-surface
anaerobic decay of organic material. The upper contact of the
A horizon marks a transgression over the exposure surface.
Reworked clasts from the underlying paleosol occur locally.
This transgressive surface is typically difficult to recognize;
sometimes it can be approximated by a change from
unstratified intervals with roots to laminated peloid packstone.
Because of the difficulty in recognizing a transgressive
surface, some intervals tentatively interpreted as A horizons
(fig. 9) may represent strata deposited following transgres-
sion.

The C horizon is a transitional zone from the overlying
sesquioxide-rich B, horizon to the underlying unweathered
peloid packstones. Exact boundaries to the C horizon are
arbitrary.

Abegg—Shore Airport Formation

Alfisols

Alfisols are marked by a light-colored A horizon? under-
lain by a clay-rich B, horizon. The red calcareous shale facies
of the Shore Airport Formation is interpreted as an alfisol
sesquioxide- and clay-rich B horizon (figs. 8 and 11). These
B, horizons also contain well-developed blocky peds, slick-
ensides, drab-haloed root traces, and glaebules. Goldhammer
and Elmore (1984) interpreted similar lithologies from the
Pennsylvanian Black Prince Limestone in Arizona to be terra
rossa paleosols resulting from the accumulation of insoluble
residues with the dissolution of limestone. Relicts of argilla-
ceous limestone indicate that dissolution may account for
much of the silt and shale in the Shore Airport.

The A horizon is typically difficult to identify in the
Shore Airport alfisols. The boundary with the B horizon is
probably gradational, but this contact is difficult to observe in
core because it is usually rubbly. Possible A horizons consist
of unstratified gleyed shaly packstone with scattered rhizoliths,
locally with well-developed root casts and rhizocretions.

TABLE 1—DEFINITIONS OF SOIL TERMS USED IN THIS REPORT; information modified from Retallack (1988, 1990) and additional

sources cited.

Sesquioxide—oxides and hydroxides of iron or aluminum. The term indicates that compounds have one-half times as
2- 3+ 3+ i ; ; Bhai
many O<” ions as Fe”™ or AI°™ ions. In general, the most common sesquioxides are hematite, goethite, or gibbsite
(Hausenbuiller, 1978). In this report, used for reddish intervals that are probably hematitic.

Glaebule—local concentrations of such minerals as sesquioxides (modified from Brewer, 1976).

Drab-haloed root trace—root surrounded by a rim of reduced iron.

Peds—aggregates of soil material between openings (e.g., cracks, roots, etc.) in the soil.

Blocky peds—equant peds with dull interlocking edges.

Illuviation cutans—cutans are a modification of soil material along natural surfaces caused by the concentration of a
particular constituent. Illuviation cutans form by material washed down into cracks in the soil.

Slickensides—formed by expansion and contraction of soils due to alternating periods of wetting and drying or during

compaction. Termed stress cutans in soil terminology.

A soil horizon—soil zone that contains roots and a mixture of mineral or organic matter.

B soil horizon—soil zone enriched in some material relative to or more weathered than adjacent horizons.

Bg soil horizon—B horizon marked by illuvial accumulation of sesquioxides.

B¢ soil horizon—B horizon marked by accumulation of clay.

C soil horizon—slightly more weathered than underlying fresh bedrock.

R soil horizon—consolidated and unweathered bedrock.

Alfisol—soil with well-developed Bt horizon, often red with sesquioxides.

Entisol—very weakly developed soil, typically marked only by roots.

Inceptisol—weakly developed soil, typically marked by roots and an incipient clayey and sesquioxidic Bg horizon.
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Overlying strata are commonly laminated. Similar to
inceptisols, the difficulty in recognizing a transgressive sur-
face suggests some intervals tentatively interpreted as A
horizons (fig. 9) may represent strata deposited following
transgression.

The C horizon is the transition from the overlying B,
horizon to underlying unweathered peloid packstones. De-
creasing amounts of clay and sesquioxides occur toward the
base of this horizon. The boundaries of the C horizon are
gradational and arbitrary.

Ste. Genevieve Facies

The Ste. Genevieve Limestone consists of four facies: 1)
skeletal wackestone/packstone, 2) quartzose grainstone, 3)
fenestral lime mudstone, and 4) peloid packstone (fig. 5).
The peloid packstone in the upper Ste. Genevieve is similar
to thatin the Shore Airport; itis included in the Ste. Genevieve
because it is interstratified between two quartzose grainstone

intervals. The upper boundary of the Ste. Genevieve is
marked by the top of the uppermost quartzose grainstone. In
order to define the lower contact, only the uppermost Ste.
Genevieve quartzose grainstone and the peloid packstone
facies need to be described below. Details of these and other
Ste. Genevieve facies are included in Abegg (1992).
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FIGURE 9—S0IL HORIZONS IN THE TYPE SECTION OF THE SHORE AIRPORT FORMATION. Identification of A horizons is often uncertain and
boundaries of C horizons are gradational and thus arbitrary. Sesquioxide-rich and clay-rich B horizons along with sesquioxide-rich
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HOREZONS FEATURES HUERONS FEATURES
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Greenish-gra: leyed Greenish-gray (gleyed)
A HORIZON ? | Grecnocgray (gleved) , | Stratificaton absent
(0.0'-1.25") Rhizoliths "] A HORIZON ? | Rpizoliths
(0.5'-1.7") Stylolites
Relict peloid packstone patches
Red with minor greenish-gray
Sesquioxide-rich
BS HQRI'Z'ON Clay-poor
(0.7'-0.9") Drab-haloed root traces
Glaebules Red with minor green
Sesquioxides-rich
Clay-rich
Red grading downward to B¢ H,ORI,ZON Blocky peds
greenish-gray (1.5'-5.9'+) Drab-haloed root traces
C HO'RIZ'ON Stylolites Glaebules
(<0.1'-0.8") Relict peloid packstone patches Slickensides
Patchy sesquioxides
R HORIZON | Greenish-gray
(Variable) Laminated peloid packstone
Red grading downward to
greenish-gray
FIGURE 10—INCEPTISOLS SHOWING HORIZONS AND FEATURES IN THE C HORIZON | Patchy sesquioxides
SHORE AIRPORT FORMATION TYPE SECTION. (1.3'-1.6") Rhizoliths
Stylolites
Relict peloid packstone patches
Quartzose Grainstone Facies
R HORIZON | Greenish-gray
(Variable) Laminated peloid packstone
Allochems are almost invariably broken and well

rounded, regardless of their original shape. Common grains
include peloids and echinoderms. Bryozoans and ooids are
commontorare. Brachiopods, trilobites, foraminifera, sponge
spicule casts, and lithoclasts are rare. Glauconitic grains and
cubic pyrite are scattered throughout. Detrital quartz sand
varies between 5% and 30% and is mostly very fine grained,
although grain size ranges from very coarse silt to medium
sand. Quartzose grainstones often can be recognized on
wireline logs by a crossover in the neutron and density curves
with higher neutron porosities than density porosities (fig. 6).
Other detrital grains are rare, including feldspar, zircon, and
amphibole. Muscovite, detrital chert, and phosphatic grains
are very rare. Cross stratification is typically less than 15°,
but locally as high as 32°. Much of this facies is marked by
climbing translatent stratification (fig. 12).

Interpretation
The majority of quartzose grainstone is interpreted as

carbonate eolianites. Coarsening-upward grain size and rare
ripple-foreset laminae indicate that the climbing translatent

FIGURE 11—ALFISOLS SHOWING HORIZONS AND FEATURES IN THE
SHORE AIRPORT FORMATION TYPE SECTION.

stratification (fig. 12) is of eolian origin (cf. Hunter, 1977,
1981; Kocurek and Dott, 1981; Kocurek, 1991). However,
discontinuous and disrupted stratification in quartzose
grainstone is interpreted as bioturbated subtidal deposits (fig.
5). Hunter (1989) described a quartz-rich limestone facies
from the Illinois basin in southern Indiana. He also ascribed
an eolian origin. Based on similarities with Hunter’s ex-
amples, Handford (1990) and Handford and Francka (1991)
interpreted the quartzose grainstone of southwestern Kansas
as eolian in origin. Handford (1988), however, had previ-
ously interpreted these grainstones as subaqueous tidal chan-
nels. Eolian quartzose grainstones have been identified over
much of the Hugoton embayment (Handford and Francka,
1991; Abegg, 1992).
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Peloid Packstone Facies

The peloid packstone in the upper Ste. Genevieve Lime-
stone is nearly identical to the same facies in the Shore
Airport. The peloid packstone in the Ste. Genevieve includes
the following features not observed in the peloid packstone in
the Shore Airport: 1) very thin grainstone intervals, 2) pos-
sible Microcodium that is calcification of mycorrhizae (fun-
gal and root associations) (Klappa, 1978), 3) absence of
interbedded sesquioxide- or clay-rich intervals, 4) fewer
microstylolite swarms, and 5) more abundant calcite cement-
filled tubes, many with dark-brown, vaguely laminated micrite
coatings (fig. 13). These tubes are concentrated at particular
horizons. Tubes with well-developed micritic coatings typi-
cally grade downward to tubes lacking such coatings (fig.
14).

FIGURE 12—CLIMBING TRANSLATENT STRATA, typically 2-5 mm
thick, formed by the migration of climbing wind ripples from
the Ste. Genevieve quartzose grainstone facies. Each climbing
translatent stratum consists of a basal dark interval of mostly
very fine sand that grades upward to a lighter interval that
typically contains medium sand. 5,383-ft (1,615-m) core

depth, Amoco #1 Breeding F.

Interpretation

Rare stenohaline marine biota indicates peloid packstone
was deposited in a restricted-shelf environment. Periodic
winnowing and ooids indicate an intermittently agitated
shallow-water environment. Stenohaline marine organisms
such as crinoids and brachiopods are rare, suggesting that
salinities deviated from normal-marine values or that envi-
ronmentally stressed conditions existed. The restriction may
result from poor circulation in shallow shelf water. Alterna-
tively, ooid shoals also may have contributed to restricted
circulation.

The calcite cement-filled tubes are interpreted as root
casts and micritic coatings are rhizocretions (cf. Klappa,

FIGURE 13—PELOID PACKSTONE FROM THE UPPER STE. GENEVIEVE.
Tubes (arrows) surrounded by vaguely laminated micrite are
interpreted as root casts and rhizocretions respectively, collec-
tively termed rhizoliths. Rhizoliths are the only feature that
marks these poorly developed paleosols (entisols). 5,342-ft
(1,603-m) core depth, Amoco #1 Breeding F.



1980). Similar rhizoliths occur much less frequently in the
peloid packstone facies of the Shore Airport. Upper Ste.
Genevieve rhizoliths in peloid packstone intervals are con-
centrated near the top of paleosols. Rhizoliths with well-
developed rhizocretions typically grade downward to root
casts lacking rhizocretions; however, a burrow origin for
tubes without rhizocretions cannot always be discounted.

Abegg—Shore Airport Formation

Because the only indications of paleosols are local concentra-
tions of rhizoliths, these paleosols are interpreted as entisols
(fig. 14). Entisols (table 1) characteristically contain parent
lithologies that are nearly unaltered by soil processes due to
alack of time or unfavorable conditions for soil development
(Retallack, 1990).

Kearny Formation (Morrowan) Facies

The basal Kearny Formation (Morrowan) in the Amoco
#1 Breeding F consists of the skeletal sandstone facies and
the gray silty shale facies (fig. 5).

Skeletal Sandstone Facies

Dark-gray silty shales of the Kearny are intercalated
with fossiliferous sandstone generally containing greater
than 50% detrital quartz plus feldspar and muscovite. Lo-
cally grainstones occur where carbonate allochem abun-
dance exceeds quartz abundance. Common allochems in-
clude crinoids and limestone lithoclasts, and rare brachio-
pods, bryozoans, tabulate corals, ooids, foraminifera, bi-
valve? casts, and trilobite fragments. Phosphatic and glauco-
nitic grains are common to rare. Planar cross stratification
sets up to 10 cm are present at several horizons. Horizontal
and vertical trace fossils occur locally. Grains are very poorly
sorted with grain sizes ranging from clay to granule. Inter-
granular porosity is totally occluded by calcite cement and,
less commonly, by saddle dolomite cement.

Interpretation

The coarse grain size, cross stratification, and stenoha-
line marine biota indicate fossiliferous sandstone accumu-
lated in very shallow, highly agitated, normal-marine water.
Vertical trace fossils suggest an abundance of suspension
feeders that are typical of high-energy settings (Dodd and
Stanton, 1981). The shallow-water setting and abundance of
skeletal components, relative to the detrital fraction, suggest
deposition in a delta-front setting (cf. Swanson, 1978) re-
moved from areas of high detrital input.

Gray Silty Shale Facies

Dark-gray silty shale makes up the largest fraction of the
Kearny Formation in the Shore Airport type-section core.
Rare pyritized articulate brachiopods (and cephalopods?) are
the only megafossils observed in these shales. Thin, typically

discontinuous, silty laminae to 3.5 mm thick are common.
These laminae fine upward and have sharp and locally
irregular bases. Rare laminae with medium sand grains are
typically thicker than laminae with fine to very fine sand; they
contain ooids, crinoids, and bioclasts.

Interpretation

The high organic content, pyrite, stenohaline marine
brachiopods, and low-diversity fauna suggest the dark-gray
silty shale of the Kearny was deposited in a dysaerobic
marine environment below normal wave base, probably in a
prodelta setting (cf. Swanson, 1978).

HORIZONS

(Seale) FEATURE
ﬁ n R HORIZON Greenish-gray
T . Peloid packstone to grainstone
(Variable) Laminated locally
Reworked soil clasts at base
‘ Greenish-gray
e = C HORIZON Stratification absent
5 (1.3'-2.8") Rhizoliths, rhizocretions decreasing
in abundance downward
R HORIZON Greenish-gray
(Variable) Laminated peloid packstone

FIGURE 14—ENTISOLS SHOWING HORIZONS AND FEATURES IN THE
SHORE AIRPORT FORMATION TYPE SECTION. Reworked soil clasts
are rare. Root casts without rhizocretions grade upward to
rhizoliths with increasingly thicker rhizocretions.
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Formation Boundaries

Lower Boundary

The Shore Airport Formation is underlain by the
Chesterian (Maples and Waters, 1987) Ste. Genevieve Lime-
stone (fig. 2). The Shore Airport-Ste. Genevieve boundary
is placed at the top of the uppermost quartzose grainstone.

Ste. Genevieve strata in the type section of the Shore
Airport also are representative of the formation elsewhere in
the Hugoton embayment. Quartzose grainstone is very
distinct in both core (fig. 5) and logs (fig. 6) from the
argillaceous strata of the Shore Airport. Additionally, Shore
Airport strata contain shale interbeds that are recognizable in
core and on gamma ray logs. Ste. Genevieve carbonates
typically consist of 5% to 30% detrital quartz and generally
lack shale. The absence of grain sizes less than sand results
in a very clean gamma-ray signature. Detrital quartz pro-
duces a separation of the neutron to the right of the density

curve (matrix calibrated for limestone). Shore Airport car-
bonates commonly contain detrital quartz with a significant
silt and clay fraction. The argillaceous nature of many Shore
Airport carbonates corresponds to a significantly higher
gamma ray count and a separation of the neutron curve to the
left of the density curve, opposite from Ste. Genevieve
carbonates (fig. 6).

In the Shore Airport type section, a peloid packstone
interval lithologically similar to Shore Airport limestones
occurs between quartzose eolianites of the Ste. Genevieve.
Similar interstratification of quartzose grainstone and peloid
packstone in the uppermost Ste. Genevieve facies occurs
locally in the Hugoton embayment. This indicates
interfingering of Ste. Genevieve and Shore Airport strata.

Upper Boundary

Morrowan strata of the Kearny Formation in the type
section of the Shore Airport consist of interbedded shale and
calcareous sandstone. In many cases, the Shore Airport and
Kearny Formations can be differentiated by the percentage of
terrigenous siliciclastics (figs. 5 and 6). Shale commonly
predominates in the Kearny, whereas shale typically occurs
as thin interbeds in the Shore Airport. In the type section, the
shales of the Shore Airport are maroon to greenish-gray
whereas the Kearny shales are dark gray. Dark-gray shales,
however, have been previously reported from the Shore
Airport (e.g., Clair, 1948, 1949).

The boundary between the formations is part of a highly
erosional unconformity that separates the Mississippian and
Pennsylvanian systems over much of North America. The
upper beds of the Shore Airport become increasingly eroded
northward until erosion associated with the sub-Pennsylva-
nian unconformity has removed the formation entirely (fig.
1). Rare reworked lithoclasts of the Shore Airport are part of
a thin transgressive lag at the base of the Kearny in the type
section. Shore Airport strata up to 6 cm beneath the sub-
Pennsylvanian unconformity contain solution-enlarged frac-
ture and vuggy porosity filled with shaly, skeletal sandstones
of Morrowan age (fig. 15). The sediment-filled porosity is
interpreted as microkarst formed during Late Mississippian—

Early Pennsylvanian subaerial exposure. Light-brown cal-
careous nodules occur up to 1.2 ft (0.4 m) below the sub-
Pennsylvanian unconformity. These nodules show only
minor compaction and contain rhizoliths, microspar, and
approximately 10% detrital quartz. Greenish clay-filled
fractures occur from 5,282.6 ft, 0.5 ft (0.2 m) below the
unconformity, down to 5,284.7 ft; they are bordered by
greenish halos. These fractures are interpreted as illuviation
cutans (table 1) formed by clay that is washed into cracks (cf.
Retallack, 1990). The calcareous nodules and illuviation
cutans probably formed during Late Mississippian—Early
Pennsylvanian subaerial exposure because they are best
developed proximal to the sub-Pennsylvanian unconformity
and are not well developed in any Shore Airport paleosols.

Where Morrowan strata are absent, the Shore Airport is
overlain by the informal “Gray group” (Atokan?) (cf. Youle,
1991) and locally by the Cherokee Group (Desmoinesian)
(Goebel and Stewart, 1979). Compared to Shore Airport
strata, “Gray group” limestones are typically cleaner and are
commonly interstratified with more radioactive shales. Log
signatures of the Cherokee Group appear similar to strata of
the “Gray group” but are typically more thinly bedded
(Youle, 1991).

Lateral Variability

Very few cores of the Shore Airport are available for
study. The majority of these cores are short, many only
targeting the sandstone at the base of the unit in Seward and
surrounding counties. Therefore, evidence of lateral vari-

ability of the Shore Airport relies heavily on log stratigraphic
cross sections.

Maximum observed thickness of the Shore Airport For-
mation is 446 ft (136 m) in southwestern Meade County.



Thickness of the Shore Airport changes dramatically, largely
inresponse to erosion associated with the sub-Pennsylvanian
unconformity. Inextreme southwestern Seward County, the
thickness of the Shore Airport changes by as much as 247 ft
(75 m) between two wells approximately 7 mi (11 km) apart.
A structural cross section indicates this thickening of the
Shore Airport is the result of erosion over a structural high.

Sandstones at the base of the Shore Airport are produc-
tive in Stevens, Seward, and Haskell counties (Clair, 1948,
1949; Veroda, 1959; Fugitt and Wilkinson, 1959; Shonfelt,
1988). Basal Shore Airport sandstone, limestone-lithoclast
conglomerate, and coaly shale are present in Stevens County
in cores from the Anadarko #2 Hitch G (sec. 3, T.33S.,R. 34
W.), Anadarko #2 Etzold B (sec. 22, T. 33 S.,R. 34 W.) and
Anadarko #3 Cosgrove A (sec.22,T.33S.,R.34 W.). These
three basal Shore Airport and Ste. Genevieve cores are
currently stored at the Kansas Geological Survey core facil-
ity.

Because Shore Airport cores are generally absent, lateral
variability relies heavily on the calibration of logs to litholo-

gies in the Amoco #1 Breeding F. These interpretations of

log patterns are probably not unique solutions. Cuttings
would be effective in calibrating these log patterns to litholo-
gies throughout southwestern Kansas. Fragments of many
paleosol features should be recognizable in cuttings, espe-
cially if thin sectioned.

Three log profiles are recognized in Shore Airport car-
bonates: 1) serrated, 2) blocky, and 3) funnel (fig. 16). Some
of these names are borrowed from descriptive shapes of
spontaneous potential curves (cf. Doveton, 1986). Serrated
profiles are common and are well illustrated in the Amoco #1
Breeding F (fig. 6). Serrated profiles are interpreted as
argillaceous limestones punctuated by alfisol clay-rich (B)
soil horizons. It is likely, however, that not all the shales in
the Shore Airport are paleosols. Thick intervals that lack
interbedded shales produce blocky profiles. Blocky profiles
are common and are interpreted as successions of argilla-
ceous limestones that lack interbedded clay-rich (B)) soil
horizons. Blocky profiles may be punctuated by entisols or
inceptisols. Blocky profiles are well illustrated in many wells
(e.g. Douglas #1-18 Thomas, sec. 18, T. 34 S., R. 35 W.).
Funnel profiles are rare in most Shore Airport sections.
Mobil #1 Foster (sec. 5, T. 34 S.,R. 36 W.) illustrates several
funnel profiles. Funnel profiles are difficult to interpret
because they have not been calibrated to core lithologies, but
they may represent shoaling-upward cycles from argilla-
ceous peloid packstones to high-energy peloid ooid
grainstones.

Abegg—Shore Airport Formation

Blocky and serrated types commonly occur in the same
well. Serrated profiles are most abundantin Morton County.
To the east, blocky profiles become more abundant. Funnel
profiles occur locally. This trend in log patterns may
suggest that the Shore Airport in Morton County contains
numerous alfisols, and successions that lack paleosols or
are punctuated by entisols and inceptisols (clay-poor
paleosols) become more abundant eastward. Additional
work on Shore Airport lateral variability is needed.

FIGURE 15 —MississIPPIAN—PENNSYLVANIAN UNCONFORMITY (MP)
AT 5,282.05-FT CORE DEPTH IN THE SHORE AIRPORT TYPE SECTION.
Solution-enlarged fractures (F) and vuggy (V) porosity are
filled with Morrowan sediment indicating microkarstification.
Underlying Shore Airport has calcareous nodules (C) and
greenish clay-filled illuviation cutans (not shown) that de-
crease in abundance from the unconformity and are not present
in other Shore Airport paleosols. 5,181-5,182-ft core depth,

Amoco #1 Breeding F.

Sedimentology

Shore Airport strata cap an overall regressive sequence
that was deposited during the Late Mississippian. In south-

western Kansas, Meramecian strata generally consist of

middle to outer shelf deposits consisting largely of normal-
marine limestones. The uppermost Meramecian and

Chesterian strata contain increasing influence of eolian depo-
sition and paleosol formation. Subtidal intervals are typically
thin and consist largely of oolitic grainstone and peloid
packstone. Relative sea-level rises in the Late Mississippian
rarely flooded this portion of the shelf completely enough to
deposit widespread normal normal-marine limestones.

35
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Asquith (1984) reports crinoid-bryozoan wackestone
and packstone and porous oolitic grainstone from the
Chesterian of northwestern Oklahoma. Normal-marine lime-
stone in northwestern Oklahoma may be correlative to re-
stricted peloid packstone in southwestern Kansas. Oolitic
shoals may have been barriers to circulation with open-
marine waters to the south. Alternatively, restricted condi-
tions may be the result of poor circulation across a shallow
shelf. Biostratigraphy and correlation of paleosols (sequence
stratigraphy) is needed to help determine facies transitions in
the Shore Airport.

Conclusions

1. The Shore Airport Formation in the Hugoton embayment
of the Anadarko basin is a new stratigraphic unit for
previously unnamed Chesterian strata. The Shore Airport—
Ste. Genevieve boundary is defined at the top of the
uppermost quartzose grainstone. Overlying Pennsylva-
nian strata typically have an increased siliciclastic fraction
relative to Shore Airport strata. The Shore Airport Forma-
tion is named for the Shore Airport SW 7.5-minute quad-
rarigle, Morton County, Kansas. The type section is a core
from the Amoco #1 Breeding F (sec. 34, T.31S.,R.40W.)
that contains 40.6 ft (12.4 m) of Shore Airport strata.
Peloid packstone and maroon calcareous shale are the two
facies recognized from the type section of the Shore
Airport.

2. Peloid packstone is greenish-gray to maroon in color and
is the dominant facies. Paucity of stenohaline marine
allochems, fine grain size, and micrite matrix indicate
deposition in a low-energy, restricted shelf environment.
Local winnowing and rare ooids suggest waters were
periodically agitated. Maroon color formed by illuvial
accumulation of sesquioxides in a B_soil horizon.

3. Peloid packstone is intercalated with maroon calcareous
shales. Clay and sesquioxides accumulated in the B,
horizon. Slickensides, glaebules, drab-haloed root traces,
rhizocretions, and blocky peds indicate these reddish inter-
vals are paleosols.

4. Two types of paleosols are present in the Shore Airport
Formation in the Amoco #1 Breeding F. Inceptisols are
marked by sesquioxide-rich B_horizons that contain little
clay. Alfisols are marked by sesquioxide-rich and clay-
rich B[ horizons. Paleosols are spaced 2.8—10.8 ft (0.9-3.3
m) apart and are interstratified with restricted peloid
packstone.
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FIGURE 16—L0G PROFILES OBSERVED IN THE SHORE AIRPORT IN
SOUTHWESTERN KANsas. Serrated profiles are interpreted to
result from subtidal peloid packstones punctuated by clay-rich
alfisols. Blocky profiles are interpreted to result from subtidal
strata, possibly punctuated by clay-poorentisols or inceptisols.
Peloid packstones with entisols from the upper Ste. Genevieve
result in a log pattern similar to observed blocky profiles.
Funnel profiles have not been observed in core, but may
represent high-energy shoaling-upward cycles from argilla-
ceous peloid packstone to peloid ooid grainstone.
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