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SCHEDULE OF FIELD TRIP STOPS

1st Day, Sunday, May 27

Start loading bus at Holiday Inn Towers, Kansas City, Kansas at 7:10 A.M.

Leave Holiday Inn Towers at 7:30 A.M. #f minutes/time
Drive about 5 miles (W on K-32) 10/7:40
STOP 1: K-32 roadcut W of I-635: Iola Ls., typical Kansas cyclothem. . . .30/8:10
Drive 55 miles (S on I-635, S on US 69) 70/9:20

STOP 2: US 69 roadcut nr. LaCygne: Swope Ls. distinct regressive facies .40/10:00

Drive 51 miles (S on US 69, W on K-52, S on US 59) 65/11:05

STOP 3: US 59 roadcut at Katy Lake: Iola Ls. in algal mound facies belt .25/11:30

Drive 21 miles (S & W on US 59) 30/12:00

STOP 4 (includes LUNCH): US 59 at Canville Ck. bridge: Dennis Ls. mound
facies; Galesburg Sh. with coals; Swope Ls. oolitic fauna . . . .60/1:00
Drive 27 miles (W on US 59, W on K-39) 35/1:35

STOP 5: Wilson Co. State Lake: Stanton Ls. in algal mound facies belt. .(100/3:15)

S5A: Plunge pool: Basal Stanton distinct transgressive facies . . . .45/2:20
Walk 0.5 mile 15/2:35
5B: Quarry: Middle Stanton offshore facies . . . . . . . . . . . . .40/3:15
Drive 17 miles (S on US 75, W on K-47 & gravel roads) 25/3:40
STOP 6: Altoona roadcuts: Stanton channel facies & Plattsburg Ls. . . .(140/6:00)
6A: North Altoona roadcut: Stanton channel edge. . . . . . . . . . .20/4:00
Drive 1 mile (S, then E on K-47) 10/4:10
6B: K-47 Altoona roadcut: Stanton channel axis . . . . . . . . . . .60/5:10
Walk 0.4 mile 10/5:20
6C: K-47 Altoona lower roadcut: Plattsburg offmound facies . . . . .40/6:00
Drive 9 miles (E on K-47, S on US 75) 15/6:15

DINNER about 7:15 P.M. & OVERNIGHT at 0ld Homestead Motel, Neodesha, Ks.



2nd Day, Monday, May 28

Start loading bus at 0ld Homestead Motel at 7:10 A.M.

Leave 0ld Homestead Motel at 7:30 A.M. # minutes/time
Drive 18 miles (E on K-37, E on US 160, S on gravel road) 25/7:55

STOP 7: Roadcut SW of Dennis: Dennis cyclothem in transition. . . . . . .35/8:30
Drive 35 miles (E on US 160 § K-126, N on gravel road) 45/9:15

STOP 8: Quarry SW of Girard: Fort Scott chaetetid reefs . . . . . . . . .45/10:00
Drive 19 miles (E on K-126, S on US 69, E on Co. road) 30/10:30

STOP 9: Abd. stripmine SE of Pittsburg: Lower Cherokee delta cycles . .(105/12:15)

9A: N-S highwall: "upper Bluejacket' sandstone . . . . . . . . . . .50/11:20
Drive 0.7 mile 5/11:25
9B: E-W highwall: "lower Bluejacket'" sandstone . . . . . . . . . . .50/12:15
Drive 9 miles (E & N on County road) 15/12:30
LUNCH at Chicken Mary's, Yale, Kansas . . . . . . . .« . . . . « . . . . .60/1:30
Drive 11 miles (N & W on County roads) 20/1:50
STOP 10: Clemens Coal Co. Mine #22: Upper Cherokee coals. . . . . . . . .75/3:05
Drive 20 miles (W on Co. road, N on US 69, W on Co. roads) 30/3:35

STOP 11: Jubilee Qy. SW of Ft. Scott: Pawnee Ls., a Middle Penn.cyclothem .50/4:25

Drive 65 miles (N on US 69, W on K-31, N on K-7) 85/5:50
STOP 12: US 169 roadcut E of Osawatomie: Chanute Shale with coal. . . . .20/6:10
Drive 52 miles (N on US 169 § K-7, W on K-10) 60/7:10

DINNER about 7:45 P.M. & OVERNIGHT in Lawrence, Kansas

(more detailed information on route between stops accompanies stop descriptions)



3rd Day, Tuesday, May 29

Start loading bus at motel in Lawrence at 7:10 A.M.

Leave motel at 7:50 A.M. # minutes/time
Drive about 15 miles (E on K-10) 25/7:55
STOP 13: K-10 roadcut E of Eudora: Black shale in Stanton cyclothem . . .35/8:30
Drive 21 miles (W on K-10, W on Kansas Turnpike) 30/9:00
STOP 14: Kansas Turnpike cut: Oread Ls., classic '"megacyclothem". . . . .60/10:00
Drive 2.6 miles (W on Turnpike) 10/10:10
STOP 15: Kansas Turnpike cut: Lecompton Ls., higher 'megacyclothem'" . . .50/11:00
Drive 2 miles (W on Turnpike) 10/11:10
STOP 16: Kansas Turnpike cut: Deer Creek Ls., higher 'megacyclothem'. . .30/11:40
Drive about 15 miles (W on Turnpike § I-70) 20/12:00
LUNCH dvi Topeka « « » v o 5 = 5 # 5 & 5 & % & # 5095 m & 5 » % % & 3 «95/12%55
Drive about 10 miles (W on I-70) 15/% 10
STOP 17: I-70 cut W of Topeka: Bern Ls. with a Wabaunsee cyclothem. . . .30/1:40
Drive 95 miles (E on I-70, N on US 75, W on N-8, N on N-105). . . 120/3:40
STOP 18: N-105 ditch S of Humboldt: Pennsylvanian-Permian boundary. . . .60/4:40
Drive 90 miles (N on N-105, W on N-4, N on N-50, E on I-80) 110/6:30

DINNER about 7:15 P.M. & OVERNIGHT at Howard Johnson's off I-80,
south of Omaha, Nebraska



4th Day, Wednesday, May 30

Start loading bus at Howard Johnson's, Omaha at 7:10 A.M.
Leave Howard Johnson's at 7:30 A.M.
Drive 20 miles (W on I-80, S on N-85 & gravel roads)

STOP 19: Richfield PWA Quarries: Hertha, Swope & Dennis Ls.

19A: East (new) quarry: upper Hertha & lower Swope .

Walk across road

19B: West (old) quarry: upper Swope & lower Dennis .

Drive 10 miles (N & W on gravel roads, S on N-50, W on N-31)

STOP 20: Derby Stone Products Qy.: Stanton § Plattsburg Ls.

Drive 2 miles (E on N-31, S on N-50)

STOP 21: Ash Grove Cement Co. Louisville E. Qy.: Stanton Ls .

Brief resume of cement plant workings

LUNCH and collecting on fossiliferous shale bed.

South Bend and higher units
Drive 12 miles (S on N-50)

STOP 22: Hopper Bros. Weeping Water Qy.: Deer Creek Limestone .

Drive 125 miles (S on N-50, E on N-2, S on I-29)
DINNER about 6:30 P.M. in St. Joseph
Drive 35 miles (S on I-29)

OVERNIGHT at Holiday Inn, Kansas City International Airport

END OF TRIP

# minutes/time

30/8:00

(80/9:20)

.40/8:40
10/8:50

.30/9:20

20/9:40
.80/11:00
10/11:10

.(170/2:00)

50/12:00
.60/1:00
60/2:00

30/2:30
.60/3:30
140/5:50
100/7:30

45/8:15



INTRODUCTION

PurEose

This field trip will visit a number of exposures of Pennsylvanian rocks
in eastern Kansas and southeastern Nebraska (Fig. 1) in order to examine the
variation in cyclothems observed both laterally along 400 km of outcrop and
vertically from Middle Pennsylvanian (lower Desmoinesian Cherokee Group =
middle Westphalian) to the upper boundary with the lowermost Permian (Fig. 2).
Although the entire stratigraphic range will be visited in the 22 field trip
stops, early Upper Pennsylvanian (Missourian = lower Stephanian) rocks are empha-
sized (12 stops) because of greater familiarity with their stratigraphy and
probable environmental interpretation. All stops emphasize interpretive strati-
graphy; several stops emphasize fossil collecting, both for open marine abundance
and diversity (Stops 6C, 15, 21, 22) and for special environments (oolite shoal,
Stop 4; chaetetid reef, Stop 8; inundated coal swamp, Stop 12); and several
stops consider economic utilization (oil-bearing sandstone, Stop 9; working
strip mine, Stop 10; cement plant, Stop 21; and both working and abandoned lime-
stone quarries, Stops 5, 8, 11, 19-22).

Previous field trips to eastern Kansas (e.g., Moore and Merriam, 1959,
1965) and to southeastern Nebraska (e.g., Burchett and Reed, 1967) emphasized
regional stratigraphy, identification of cyclothems in the vertical sequence,
and correlation of stratigraphic units with other parts of the Midcontinent.
Previous trips led by Harbaugh (1962; with others, 1965) focused on local strati-
graphy, petrography and recognition of algae in carbonate buildups in south-
eastern Kansas. Previous trips led by Heckel (1975, 1978) emphasized vertical
and lateral facies changes related to depositional phase and original topography
in one formation (Stanton) and certain aspects of carbonate petrology of several
Missourian limestones in eastern Kansas. Part of the guidebook from the earlier
of these trips served as a framework for a paper (Heckel, 1977) presenting a
depositional model that explains the vertical cyclic sequence of much of the
Midcontinent Pennsylvanian in terms of realistic processes of deposition. In
addition to revisiting a few localities from earlier field trips, the present
trip encompasses a greater geographic area and stratigraphic interval in order
to illustrate application of the depositional model to many formations over a
large area.

Regional Geologic Setting

Bedrock geology of eastern Kansas and western Missouri is characterized by
an alternation of laterally persistent Middle and Upper Pennsylvanian sandy
shales, from 3 to 30 m thick and containing local sandstones, with laterally
persistent limestones from 3 to 15 m thick and containing thin shale beds. These
rocks strike generally north-northeast to south-southwest and dip gently west-
ward about 5.5m/km (30 feet per mile). Northward in Iowa, the outcrop trace
swings westward to the eastern limit of Cretaceous cover in Nebraska (Fig. 1).
South of the limit of glacial cover, which extends through Kansas City, the more
resistant thicker limestone and sandstone units are cut by rivers and streams
to form low, irregular, eastward-facing escarpments, prongs, and flat-topped
hills that break the otherwise nearly flat plain and allow lateral tracing of
major units with ease. North of Kansas City, correlation of most units is
much less certain because only scattered exposures are available through a vari-
able cover of glacial deposits.
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Fig. 2.-- Columnar section of exposed Pennsylvanian and lowermost Permian rocks
in eastern Kansas and southeastern Nebraska, with formations to be visited indi-
cated by Stop numbers. Member names are omitted, but nature of members is shown
by discrete lithic symbols within formations. Vertical scale is approximate,
with limestones, black shales and coals expanded at expense of gray shales and
sandstones. (Adapted from Zeller, 1968, Plate 1)
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The Pennsylvanian System in eastern Kansas comprises 49 formations that are
subdivided into 129 formally named members and aggregated into 8 groups and 3
stages of the Middle and Upper Pennsylvanian Series (Fig. 2); most of these units
are recognized in the states to the north. Although this number of formations
and members might seem excessive in only about 700 to 800 m of section, most
were established or redefined by R.C. Moore and his co-workers while mapping
Kansas and surrounding states in the 1930s and 1940s because of the remarkable
lateral persistence of many distinctive thin rock units, some less than 1 m in
thickness. Much of the fine subdivision of the stratigraphic hierarchy was
fashioned by Moore (1936, 1949) to accommodate the equally remarkable vertical
repetition of certain distinctive limestone and shale units throughout most of
the sequence.

The coarser subdivisions of the Midcontinent Pennsylvanian reflect domi-
nance of certain rock types within the repetitive sequence. At the base of the
sequence, the Middle Pennsylvanian (Desmoinesian) Cherokee Group consists mainly
of shale, with coal seams, local sandstone bodies, and thin limestone beds.

Above the Cherokee, the Marmaton Group forms the top of the Middle Pennsylvanian
and is the lowest part of the sequence that consists of an alternation of sandy
shale and limestone formations. Above the Marmaton, the lower part of the

Upper Pennsylvanian Series constitutes the Missourian Stage in its type area.

At its base, the Pleasanton Group consists largely of shale, with a basal sand-
stone. Most of the Missourian comprises the Kansas City and Lansing Groups,
which consist of a thick sequence of alternating sandy shale and limestone forma-
tions. The upper part of the Upper Pennsylvanian constitutes the Virgilian

Stage in its type area. At its base, the Douglas Group consists largely of

shale with thick local sandstones and thin limestones. In the middle, the
Shawnee Group is an alternation of sandy shales and thick prominent limestones
containing several thin shale members. At the top, the Wabaunsee Group is an
alternation of thicker more prominent sandy shales, often containing coal seams,
and thinner less prominent limestones. The Virgilian is overlain by Lower Permian
rocks that continue the basic alternation of shale and limestone formations.

Cyclothems

Cyclothems have long been identified in the repetitive Middle-Upper Penn-
sylvanian sequence of eastern Kansas and states to the north and east (e.g.,
Moore, 1936, 1949, 1950; Weller, 1958; Reed and Burchett, 1966). Moore recog-
nized the basically transgressive-regressive nature of sedimentation responsible
for simple cyclothems in the Cherokee and Wabaunsee Groups (Fig. 3A,B), in
which largely nonmarine sandy shales with coals alternate with marine shales and
limestones. This allowed relatively straightforward depositional interpretation,
and the fusulinid-bearing limestone was regarded as the farthest offshore depo-
sit, based upon the paleoecological work of Elias, which was published in 1937.

In order to explain the more complex repetitive sequences involving several
fusulinid-bearing limestone members in the Shawnee Group, Moore (1936) developed
the concept of 'megacyclothems" (Fig. 3C). These involve a hierarchical classi-
fication of modified simple Wabaunsee cyclothems (A through E), which appear here
essentially as shale-limestone couplets, grouped to form a cycle of cyclothems.
Megacyclothems thus are complex successions of different shale-limestone coup-
lets, which are repeated in the same order several times upward in the sequence.
Moore (1936, 1950) applied the Shawnee megacyclothem classification to the
cycles developed in the Marmaton, Kansas City and Lansing Groups below, but
recognized that the lowest and highest cyclothems (A, E --corresponding to the
"lower" and "fifth'" limestone members) are only doubtfully distinguished or
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Fig. 3.-- Types of cyclothems recognized by Moore (1936, 1949, 1950) in Kansas
Pennsylvanian. A, Cherokee cyclothem, with marine deposits interpreted from mar-
ine fossils, which are mostly pelagic in black shale. B, Wabaunsee cyclothem,
with members numbered by Moore (1936, p. 25); black shale is absent, and marine
portion shows symmetrical trend of interpreted nearshore-offshore-nearshore
fossil assemblages (Moore, 1950). C, Shawnee megacyclothem, in which each shale-
limestone member couplet was considered a modified simple cyclothem (A-E), im-
plying that '"black shale'" member is genetically similar to other shales (sea-
level curve 1); similar megacyclothems recognized in Marmaton and Missourian
sequence lack "lower", "fifth', and most "super'" limestone members; later

workers recognized black shale member as genetically distinct from other shale
members (sea-level curve 2); (modified from Heckel and Baesemann, 1975, Fig. 1).
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definitely lacking. Megacyclothems in all these groups are nucleated around _
the limestone formations containing the thin shale members, and their boundaries
lie within the intervening sandy shale formations (Fig. 3C).

Regarding each shale-limestone couplet in a megacyclothem as an individugl
simple cyclothem, no matter how modified, had the unfortunate effect of implying
that the thin shale carrying the black phosphatic shale facies ('"'black shale
member') is genetically similar to the other shales in the megacyclothem. The
resulting interpretation (Fig. 3C, sea-level curve 1) involved rapid nearshore
(shale)--offshore (limestone) sea-level oscillations through each megacyclothem,
which did not explain why the black shale is so different from the other shales
or why several of the limestones are so different from one another. Although
Moore (1950, p. 15) interpreted the black shale as deposited in a kind of marine
swamp in which thick growth of seaweed prevented bottom disturbance, he never-
theless (ibid.) regarded it as the least well understood member of the megacy-
clothem, partly because of its greater lateral persistence than almost any of
the limestones, which were considered the most offshore deposits. It is ironic
that he remarked also (ibid., p. 13) that, as megacyclothems are traced southward
along outcrop, all limestone members become more separated as the shale members
thicken toward the Oklahoma detrital source, except for the two limestones sepa-
rated by the black shale. This was an important clue that the black shale is
genetically unlike the other shales, and, in fact, resulted not from increased
detrital influx but rather from more offshore sediment-starved conditions (Fig.
3C, sea-level curve 2) established in deeper water at times when detrital influx
was trapped near shorelines far from eastern Kansas (Schenk, 1967; Heckel, 1972;
Heckel and Baesemann, 1975; Heckel, 1977).

It turns out that only the middle portion of the megacyclothem, specifi-
cally the '"middle'" and "upper" limestone members and intervening thin shale
member that typically contains the phosphatic black facies, occurs commonly
enough throughout the Marmaton through Shawnee Groups to have basic depositional
significance. Each depositional cycle presently recognized by Heckel (1977)
in these groups records a single transgressive-regressive marine sequence (Fig.
4), and consists in ascending order, of 1) thick, nearshore sandy ("outside'')
shale (top of underlying shale formation), 2) thin, transgressive (''middle')
limestone, 3) thin, offshore ('core') shale (often with phosphatic black facies),
4) thick, regressive ('upper'") limestone, and 5) thick, nearshore sandy shale
again (base of overlying shale formation). This explains the difference between
the black (=core) shale member and the other shales, and between at least two
of the limestone members. A higher limestone member, the "super," which is
present in several cycles, is either a shoal-water facies (oolite, etc.) of
the upper limestone separated by a fortuitous shale bed, or part of a younger
cycle separated by an abnormally thin nearshore shale. A lower limestone
member, the '"lower," which is present in a few cycles, may be either a minor
transgressive-regressive sequence, or a shoal-water facies of the middle lime-
Stone separated by a fortuitous shale bed, or the result of temporary cessation
of detrital influx during deposition of the nearshore shale.

Each of the major transgressive-regressive depositional units with an
offshore shale between two limestones is termed a '"Kansas cyclothem.'" The
older usage of 'cyclothem" in the Marmaton through Shawnee Groups for essen-
tially a shale-limestone-member couplet within the megacyclothem is abandoned,

and the term megacyclothem is applied only to the concept of more complex
sequences.
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Fig. 4. -- Basic vertical sequence of individual "Kansas cyclothem,'" the

transgressive-regressive depositional unit characterizing, with only minor
modification, most of the Marmaton, Kansas City, Lansing and Shawnee Groups

of the Midcontinent Pennsylvanian. Positional terms derive from Moore (1936)
for limestones and Heckel and Baesemann (1975) for shales. Conodont faunas
conspicuously differentiate the two shale members. (From Heckel, 1977, Fig. 2).
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limestone. (From Heckel, 1977, Fig. 4).
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Facies and Depositional Environments in Kansas Cyclothems

Facies and depositional environments are considered for the Marmaton through
Shawnee Groups within the framework of the basic Kansas cyclothem (Heckel, 1977),
with comments on major facies changes (Fig. 5) observed along the Midcontinent

outcrop belt extending southward into Oklahoma and northward into Missouri and
Iowa.

Nearshore shales. -- Nearshore shales comprise the shale formations that
alternate with limestone formations in the cyclic sequence, but include some
shale members (marked O on Fig. 3C) within those limestone formations that con-
tain more than one shale member. The dominance of shale formations that lie
"outside" the ''bundle'" of limestones and thin shales that constitutes the lime-
stone formations led these shale portions (or 'members") of the cyclothem to be
termed "outside shales'" in a positional sense before their depositional signifi-
cance was thoroughly established.

Nearshore shales are typically sandy; though variable in thickness, they are
generally thick, often attaining 15 m and locally 40 m in thickness. Commonly
they contain thin layers of siltstone and sandstone carrying macerated plant
fragments and only a sparse marine fauna of low diversity. They locally con-
tain deposits that are demonstrably nonmarine, such as coals with underclays,
shales with well preserved land plant fossils, and channel sandstones, all lacking
marine fossils. They are the units within which Wanless and his co-workers
(e.g., 1970) have mapped many deltaic sequences.

A deltaic depositional model of abundant detritus prograding into the
shallow sea readily accounts for the characteristics of these shales. Each
delta lobe eventually became abandoned as new distributaries formed a shorter
route to the sea and started prograding younger lobes in different places (e.g.,
Ferm, 1970). Variability in thickness of the nearshore shales reflects the
local nature of each delta lobe. The nonmarine deposits record the subaerial
deltaic plain. The rocks with sparse marine fossils of low diversity record
prodelta to delta-front environments where rapid deposition, increased turbidity,
and fluctuating salinity reduced both abundance and diversity of marine organisms.

Southward, nearshore shales tend to thin over thickened portions of under-
lying limestones; then most thicken substantially in the Kansas-Oklahoma border
region where they constitute proportionally greater amounts of the sequence
(Fig. 5) as they approach a major deltaic detrital source in Oklahoma.

Most nearshore shales tend to thin northward into Iowa and Nebraska away
from the major directions of detrital influx. Parts of some become more abun-
dantly and diversely fossiliferous, reflecting less detrital influx with its
attendant unstable conditions. Parts of some become red in color, which indi-

cates enough subaerial exposure for complete oxidation and dehydration of iron
minerals (Stops 20, 21).

Transgressive limestones. -- Transgressive limestones are the thin (0.3 to
1.5 m), dense, dark skeletal calcilutites denoted as the "middle' limestone of
Moore's megacyclothem. They carry a diverse and a relatively abundant marine
biota comprising all the major phyla, including algae, although fossils do not
seem abundant on outcrop because of the denseness of the rock. Fine grain size
and diverse biota indicate deposition in the open marine environment far enough
offshore to be below effective wave base, but above effective base of the photic
zone. If shoal-water facies such as oolite, stromatolite and sandstone are
present with the skeletal calcilutite, they are only at the base, as seen in the
Stanton Formation at Stop 5A on this field trip.
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Aside from a few that thicken with increase in phylloid algae content in
southeastern Kansas (e.g., Dennis, Stop 4; Stanton, Stop 5), transgressive lime-
stones undergo little lateral facies change either northward or southward, yet
several extend laterally for hundreds of miles along outcrop. Thus transgres-
sive limestones generally record widespread marine inundation of the Midconti-
nent, with carbonate sediment production mainly at depths below effective wave
base where minor variations in topography on the underlying delta lobes had
little influence over facies.

Offshore shales. -- Offshore shales are the thin (0.3 to 2.0 m), laterally
persistent, nearly nonsandy, gray marine shales that lie between the 'middle"
and "upper'" limestone members within limestone formations and were termed ''core
shales" by Heckel and Baesemann (1975) because of their central position within
the megacyclothem. They typically contain a black fissile facies rich in organic
matter, which generally carries nodules and laminae of nonskeletal phosphorite
(e.g., Iola, Stop 1; Pawnee, Stop 11; Eudora, Stop 13) and relatively high con-
centrations of certain heavy metals. The black facies lacks definitely benthic
fossils, carrying mainly conodonts in great abundance, fish remains, orbiculoid
brachiopods and a few other fossils reasonably inferred to have been pelagic or
epipelagic. The gray facies typically carries only a sparse macrofauna of sev-
eral benthic invertebrate groups, including echinoderms and articulate brachio-
pods, often in addition to those fossils found in the black facies. Only away
from the black facies do offshore shales carry abundant and diverse macrofos-
sils (Plattsburg, Stop 6C; Stanton, Stops 20, 21). Like transgressive lime-
stones, offshore shales also change laterally very little along the entire
length of the outcrop. Those that lose the black facies laterally, in general
retain phosphate nodules and abundant conodonts in the otherwise sparsely
fossiliferous gray facies (Iola, Stop 3; Stanton, Stop 5B).

Thinness in conjunction with great lateral persistence, fineness of detrital
grain size, presence of marine fauna, great abundance of conodonts and conspicuous
nonskeletal phosphorite all point to very slow sedimentation away from detrital
influx, far offshore in deeper water. Presence of abundant organic matter along
with lack of benthic fossils indicates anoxic bottom conditions for the black
facies. Lack of bottom oxygen in conjunction with very high concentrations of
phosphate and heavy metals is explained as the result of a two-layered quasi-
estuarine circulation cell in the Midcontinent sea (Fig. 6), established when
water became deep enough to form a thermocline above the bottom and prevent re-
plenishment of bottom oxygen by vertical circulation. Surface water blown out
of the sea by prevailing Pennsylvanian trade winds (Fig. 7) was replaced by
upwelling of deeper phosphate-rich water of the oxygen-minimum zone, drawn in
below the thermocline from intermediate depths of the open ocean. Nutrients
brought into the photic zone by this upwelling promoted immense blooms of plank-
ton, which settled back into the incoming lower water layer. There its decay
depleted the bottom water of already low oxygen, continually enriched it in
phosphate (as well as heavy metals that organisms concentrate), and ultimately
caused deposition of unoxidized organic matter and conspicous phosphorite on the

sea bottom, along with little other sediment, to produce the phosphatic black
facies.

Similar circulation that enriched phosphate but did not deplete all bottom
oxygen accounts for the sparsely fossiliferous gray facies with phosphorite
nodules. Merely far offshore deposition, probably below the effective limit of
algal production of carbonate mud, but without persistent establishment of the
oxygen-depleting quasi-estuarine circulation cell, accounts for the more abun-
dantly and diversely fossiliferous gray facies of the offshore shale.
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Regressive limestones. -- Regressive limestones comprise the "upper,' some-
times with the '"super," limestone members of Moore's megacyclothem. They are
generally thicker (up to 9 m) than transgressive limestones and contain a
greater variety of facies.

The lower parts of regressive limestones consist largely of wavy-bedded,
shale-parted skeletal calcilutite with an abundant and diverse marine biota
consisting of all major phyla (all cyclothems at most stops). Lateral persis-
tence of this facies along outcrop in conjunction with fine-grained lithology
and diverse biota indicates that this part of regressive limestones, like most
of the transgressive limestones, was deposited offshore below effective wave
base but above the lower limit of algal carbonate production.

In places a peculiar type of skeletal calcarenite is present at the base
of the regressive limestone (Iola, Stop 1; Stanton, Stop 5B). These calcare-
nites consist entirely of invertebrate grains that display no evidence of grain
abrasion, cross bedding or definite algal structures, and thus formed in quiet
water below effective wave base, and probably below the limit of much algal
activity as well.

The upper parts of regressive limestone members display the most conspic-
uous lateral segregation of facies along the Midcontinent outcrop belt (Fig. 5),
as would be expected in shallow water where minor differences in bottom topo-
graphy produce conspicuous lateral changes in facies.

In northeastern Kansas most regressive limestones grade upward to skele-
tal calcarenite that contains various proportions of abraded algal as well as
invertebrate grains, osagia-coated grains, and grains with "micrite envelopes"
resulting from algal boring; cross bedding is apparent in places. Although
this vertical succession records increasing water agitation and light pene-
tration with time as water shallowed above effective wave base, this facies
still records a relatively open marine environment, which defines this portion
of the outcrop belt as the '"open marine facies belt" (Fig. 1,5), where such
conditions persisted longest during deposition of the regressive limestone. In
some places, some regressive limestones show no conspicuous evidence of shal-
lowing upward in this region (Iola, Stop 1). In other places, some regressive
limestones display even more conspicuously shoal-water facies at the top such
as oolite (Swope, Stops 2,4) and caliche soil formation (Swope, Stop 2).

Northward, nearly all regressive limestones grade upward into unfossili-
ferous, laminated, dolomitic calcilutite locally with mudcracks and birdseye;
this records a tidal-flat environment and defines the "northern shoreward

facies belt," which is best developed in Iowa and Nebraska (especially Stanton,
Stops 20-21).

In southeastern Kansas, most regressive limestones thicken as they grade
upward into phylloid algal mound facies (Heckel and Cocke, 1969), which defines
the facies belt of that name. Mounds consist primarily of algae-dominated
skeletal calcilutite, in which large blades of phylloid red and green algae
characteristically shelter spar-filled voids (e.g., Dennis, Stop 4). In sev-
eral mounds, local development of 'algal sparite" facies (Iola, Stop 3) records
as yet incompletely understood diagenetic alteration of early cements. Mound-
assocliated facies, particularly cross-bedded, abraded-grain skeletal calcare-
nite and oolite, overlie and flank some of the mound facies (Stanton, Stop 6).

These reflect shoaling water over and around the buildups during later stages
of regression,
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Southward in southernmost Kansas and Oklahoma, most regressive limestones
grade into shales and sandstones, which define the "terrigenous detrital facies
belt" and represent a wide range of offshore to deltaic environments dominated
by terrigenous clastics from the Oklahoma detrital source.

Possible Controls of Cyclic Deposition

Typical Kansas cyclothems began while rapid detrital influx from nearby
deltaic shorelines formed the nearshore shale during a relatively low stand in
sea level. This low sea-level stand could have resulted from either a eustatic
fall in sea level, or from basin-filling by both the terrigenous detrital influx
of the nearshore shale and carbonate accumulation of the underlying thick regres-
sive limestone.

Then transgression, resulting from either a eustatic sea level rise or an
increase in bottom subsidence, stranded detrital influx farther away from the
Kansas outcrop. This allowed a thin layer of relatively pure carbonate to
accumulate relatively uniformly over most parts of the inundated delta lobes,
generally in deeper water below effective wave base, to form the calcilutitic
transgressive limestone.

When water became deep enough to inhibit much benthic algal activity and to
establish a thermocline (perhaps as little as 100 m near the mouth of the sea;
see Heckel, 1977, p. 1057), a quasi-estuarine circulation cell was set up. This
drew in phosphate-rich, oxygen-poor water from the open ocean, and, through up-
welling and the concomitant nutrient-concentrating organic-decay trap, depleted
bottom oxygen to various degrees to form both the gray and black phosphatic
facies of the offshore shale.

Then relative lowering of sea level destroyed the thermocline and broke up
the quasi-estuarine cell. This allowed significant reoxygenation of the bottom
and eventually reestablishment of benthic algal carbonate production to initiate
formation of the regressive limestone. Eustatic fall of sea level seems much
more reasonable to account for this shallowing because too little sediment for
significant basin filling is evident in the offshore shale, and tectonic rever-
sal of bottom subsidence, particularly in a cyclic fashion, seems unreasonable.
Continued relative lowering of sea level through the photic zone to above effec-
tive wave base allowed development of the regressive limestone into shoal water,
lagoons, and tidal flats. Greater amounts of fine terrigenous material from
distal ends of progressively encroaching deltas account for the greater abun-
dance of shaly partings in most regressive limestones. Although a sufficient
thickness of sediment is apparent in the regressive limestone to account for
relative lowering of sea level from below to above effective wave base by car-
bonate basin filling, it seems insufficient to account alone for the small ver-
tical distance between the phosphatic black shale facies and supratidal facies
at the top of the regressive limestone, which is as little as 6 m (or 12 m,
allowing for 50% compaction), in light of our present understanding of this
type of phosphorite deposition.

Deposition of the regressive limestone then ceased when overwhelmed, in
various stages of facies development (depending on topographic position, which
is related generally to facies belt), by terrigenous detrital influx of pro-
grading delta lobes that initiated development of the succeeding nearshore
shale. The cycle then repeated with another relative sea level rise.
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Although eustatic rise and fall of sea level from some external control
seems to be the simplest explanation for most aspects (and the best explana-
tion for some aspects) of the overall sequence of Kansas cyclothems, this by
no means negates the probability that other cyclic mechanisms played a role.
In fact, the model of delta progradation, abandonment and subsequent prograda-
tion elsewhere, shown to be applicable to other cyclic sequences by several
authors (e.g., Ferm, 1970, for the Appalachian Pennsylvanian), not only ex-
plains the complex thickness changes and facies development in nearshore
shales, but also probably accounts for many of the less commonly developed
"lower" and "'fifth'" limestone members in Moore's megacyclothem, as resulting
from conspicuous carbonate production during a relatively long-term shift of
active delta-building away from the Kansas outcrop during the general phase
of greatest regression.

Relationship of Kansas Cyclothem to other Cyclothems of Moore

Cherokee cyclothems. -- The interplay of both depositional models needs
only slight modification to account for the simpler cyclothems that Moore
(1949, 1950) detected in the Cherokee Group. In the ascending sequence of
sandstone--sandy shale--underclay--coal--black shale--gray shale--limestone--
calcareous shale, the sandstone through coal portion is nonmarine, whereas
the black shale through calcareous shale portion is marine (Fig. 3A). Those
sequences in which phosphatic black shales are lacking may reflect no more than
local delta abandonment during a time of general regression. These cyclothems,
seen at Stop 9, do not require eustatic change in sea level, and they seem to
dominate the Cherokee section.

Sequences that contain phosphatic black shales, however, are merely more
nearshore detrital-dominated examples of the Kansas cyclothem that characterizes
the Marmaton-Missourian-Shawnee section. Nonmarine delta-plain deposits nearly
totally dominate the initial 'nmearshore shale'" portion. Transgressive lime-
stones are rarely present above the coal because little or no algae and few
calcareous invertebrates could colonize the inimical low-oxygen environment of
the deepening sea bottom over partially decayed vegetation of the coal swamp.
The little detrital sediment that was carried from the increasingly distant
shoreline to Kansas during transgression was incorporated with the shells of
the few more tolerant organisms to form the base of the black shale overlying
the coal. The remainder of the black shale was deposited during maximum trans-
gression, in depths great enough for establishment of the quasi-estuarine cir-
culation cell that led to formation of the phosphate nodules and totally anoxic
bottom conditions.

Lowering of sea level then brought about deposition first of the gray shale
as the bottom became reoxygenated, and eventually of the limestone (equivalent
to the regressive limestone) as algae and more invertebrates became established.
The final unit of calcareous shale is the base of the succeeding nearshore shale
and represents nearby prodeltaic detritus encroaching in water too deep for
development of shoal-water facies in the regressive limestone. These Cherokee
cyclothems are similar to classic Illinois cyclothems, which have been inter-
preted in a similar fashion by Heckel (1977; see Fig. 8 below). Cyclothems
with phosphatic black shales and regressive limestones but without well devel-
oped transgressive limestones (which can be considered Illinois-type cyclo-
thems) occur also above the Cherokee Group (Dennis, Stop 7; Pawnee, Stop 11);
lateral appearance of lenses of transgressive calcilutite in the Dennis at
Stop 7 attest to the genetic similarity of Kansas and Illinois cyclothems.
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Wabaunsee cyclothems. -- The cyclothems described by Moore (1936, 1949,
1950) in the Wabaunsee Group are basically alternations of nearshore sandy shale
containing nonmarine sandstones and coals, with marine limestones containing
thin marine shale beds (Fig. 3B). The lowest limestone formation (Howard, see
Fig. 2) contains a black shale (with gray shale) between a thin dense limestone
below and a thicker limestone above, which is similar to the typical Kansas
cyclothems in the older groups (Moore, 1936, p. 206).

Unlike the relation between cyclothems and lithic subdivisions in groups
below, Wabaunsee nearshore shales above the Howard include both the shale for-
mations and the formally named shale members now included within more recently
named limestone formations, whereas the limestone portion of the cyclothem is
composed of a single limestone member whether or not it is grouped with another
limestone member in a limestone formation (cf. Moore, 1949, p. 180-181, with
Zeller, 1968, Plate 1). Although black phosphatic shales have not been reported
from any higher Wabaunsee unit, presence of a nonblack offshore shale has been
established in the Wakarusa Limestone Member of the Bern Limestone (Stop 17)
during layout of this field trip. This bore out the suspicion (Heckel, 1978,
p. 19) that laterally persistent limestones with a persistent medial shale bed
(the .4 shale of Moore, 1936, p. 25) (see Fig. 3B) probably represent major
transgressive-regressive sequences in which water depth did not become quite
great enough to establish a quasi-estuarine circulation cell. It is not yet
known which of the other Wabaunsee limestones also represent major eustatic
inundations and which represent only local delta abandonment during general
regression, although the latter are probably of more limited lateral extent.
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Fig. 8. -- Inferred facies change of Kansas cyclothem approaching eastern
detrital source and grading to Illinois cyclothem, which is essentially same
as Cherokee cyclothem (Fig. 3A). (From Heckel, 1977, Fig. 7).
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DESCRIPTION OF FIELD TRIP STOPS

First day (Sunday) Leave Holiday Inn Towers, Kansas City, Kansas at 7:30 A.M.

Drive about 5 miles (W on K-32 beneath I-635 underpasses) (10 min.)
STOP 1: K-32 ROADCUT W OF I1-635: IOLA LIMESTONE (SW-SE-SW 7-11-25) (30 min.)

This stop shows a typical Kansas cyclothem in the open marine facies belt.
The Iola is presently under doctoral study by Iowa student John Mitchell.

STOP 1: K-32 ROADCUT W. OF 1-635
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[ M . .
fr. E = Mem. | /-9 ~—conspicuous phylloid algae .
m| o | o —— Invertebrate Skeletal Calcarenite =
5 Muncie s Gray Shale % PO 4-rich
2 Q | Creek Black Shale w. POy nodules, pelagic fauna & anoxic
2 Sh. M. = Dk. gray Shale © "/
0 - g“é Paola Ls. | )  Skeletal Calcilutite w. diverse biota = “W/
= Below w.b,
CHANUTE Gray sandy Shale, 3 m. tk. total del
SHALE prodelta
w. quartz sandstone layers influx

Chanute Shale with marine fossils nearby, records advance of prodeltaic clas-
tics. Southward, thick sandstone and coal record delta-plain environment (Stop 12).

Paola Limestone is skeletal calcilutite with diverse biota recording algal
carbonate mud production in quiet water below effective wave base but above base
of the photic zone. It is traced 500 km with little change from Iowa to Oklahoma,
a typical transgressive limestone at the base of the Iola cyclothem.

Muncie Creek Shale is the core shale of the Iola cyclothem. Black shale with
phosphorite nodules records anoxic phosphate-rich bottom conditions developed under
quasi-estuarine circulation with upwelling during maximum transgression. Gray
shales above and below record bottom oxygenation developed as the quasi-estuarine
cell was forming and as it was breaking up.

Raytown Limestone is the regressive limestone of the Iola cyclothem. The
basal invertebrate calcarenite shows no cross-bedding or grain abrasion and lacks
algal grains and micrite envelopes; only forams encrust the grains. This bed re-
cords accumulation of invertebrates in quiet water below effective wave base and
probably below the effective limit of algal activity as well. The rest of the Ray-
town is skeletal calcilutite with conspicuous phylloid algae recording deposition
in water shallow enough for algae, but still below effective wave base, even at the
top. Shoalwater facies cap the Raytown locally in southeastern Kansas and Iowa.

Lane Shale records another advance of prodeltaic clastics into a quiet marine
environment below effective wave base.

Leave Stop 1 at 8:10 A.M.

Drive 55 miles (E to I-635, S to US 69 and S 18 mi. past Louisburg) (70 min.)
Wyandotte Ls. btw. 179th § 199th St. exits; Dennis Ls. S of Louisburg.
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STOP 2: US 69 ROADCUT NEAR LA CYGNE: SWOPE LIMESTONE (CN half 31-19-25) (40 min.)

This stop shows the Swope cyclothem (studied by Mossler, 1973) in the open
marine facies belt, a typical Kansas cyclothem like the Iola at Stop 1, but with
distinct regressive shoal-water facies and a paleocaliche horizon at the top.
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L - base
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Ladore Shale is thin prodeltaic shale; sandstone and coal appear southward.

Middle Creek Limestone is a typical transgressive limestone at the base of

the Swope from Nebraska (Stop 19) to southeastern Kansas, recording quiet water

below effective wave base.

Origin of dolomite at the top seems more related to
associated shale than to supratidal or fresh-water mixing models.

Hushpuckney Shale is a typical core shale, with phosphatic black facies de-

posited under quasi-estuarine circulation during maximum transgression, and gray
shale above deposited as the quasi-estuarine cell was breaking up.

Bethany Falls Limestone is distinctly regressive.

Basal calcilutite records

enough shallowing for algal carbonate mud production but not for coherent algal
secretions.
shallowing within the photic zone but still below wave base.

pellets and much mud matrix records shallowing to shoals with
Most ooids are now blocky calcite,

associated quiet lagoons.

filling after dissolution of aragonite, perhaps in the vadose

Upward appearance of algal blades in calcilutite

suggests further
Overlying oolite with
sediment mixing into
probably from void
zone. The thin lami-

nated siliceous crust filling small karstlike pits in the oolite plus the overlying
"rubbly" limestone, with poorly sorted, pelleted to vaguely pisolitic mud "clasts"
displaying irregular accretionary layers on the outside, together represent a layer
of paleocaliche that records subaerial exposure at the end of Swope regression.

Leave Stop 2 at 10:00 A.M.

Drive 51 miles (S on US 69 past Pleasanton, W on K-52 through Mound City, Blue

Mound, Kincaid; S on US 59, 4.3 mi. past Mildred ) (65 min.).

Swope cyclo-

them, little changed from Stop 2, is exposed in the roadcut past Mound City.
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STOP 3: US 59 ROADCUT AT KATY LAKE: IOLA MOUND FACIES (NW-SW-NW 13-24-20) (25 min.)

This stop shows the Iola cyclothem in the algal-mound facies belt.

STOP 3: US 59 ROADCUT AT KATY LAKE
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Chanute Shale is reported about 21 m thick around here, with sandstone and
coal (seen at Stop 12) recording a delta plain environment.

Paola Limestone remains skeletal calcilutite, a typical transgressive lime-
stone little changed from Stop 1, 130 km north. At the base, however, thin skele-
tal calcarenite with abraded fossil debris displaying micrite envelopes records
passage through zone above wave base early in the transgression. Scarcity of
algae at the top suggests deepening to the lower limit of the photic zone.

Muncie Creek Shale is a thin gray shale with abundant phosphorite nodules and
conodonts, and rare detrital quartz and macrobenthic fossils, all the characteris-
tics of a core shale except the black anoxic facies. It records sediment starva-
tion at maximum transgression, with phosphate-rich bottom water from the quasi-
estuarine circulation cell, which here had not totally depleted bottom oxygen,
possibly due to higher position of the entire Iola over the much thicker Chanute
delta plain in this area compared to the thin prodeltaic Chanute at Stop 1.

Raytown Limestone still has the thin basal unabraded invertebrate calcarenite
that probably records some shallowing with enough bottom reoxygenation for inverte-
brate proliferation short of the photic zone. Just above, phylloid algae become
abundant enough to shelter spar-filled voids and form sparry algal calcilutite,
characteristic of the algal-mound belt, which records shallowing into the photic
zone short of wave base. Phylloid algae include red and green forms in which in-
ternal structure has been obliterated by neomorphism and/or dissolution--void-fill.
A1 by 10 m lens of '"algal sparite' displays dull cloudy brown calcite crystals
with bright rusty-weathering patches of ferroan dolomite that are darker at the
base. Scattered buff patches of calcilutite in the sparite suggest initiation of
this facies by lack of much mud deposition on the algal blades and other skeletal
secretions. Relict radiating bundles of needle-like crystal ghosts within the cal-
cite crystals suggest early precipitation of botryoidal aragonite spar that neo-
morphosed to irregular blocky calcite (Ravn & Heckel, 1978; Ravn et al., 1978).
Remaining or newly formed voids became partly filled by geopetal material that even-
tually solidified to the small dolomite crystals in the darker basal portions,
while the remaining tops of the voids became lined or filled with larger dolomite
crystals to form the distinctive rusty-weathering patches. Largely algal sediment
production was responsible for producing about 9 m of Raytown in this region, where
nearby capping calcarenites record shoal water near the end of regression.

Leave Stop 3 at 11:30 A.M.
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Drive 21 miles (S on US 59 through Moran, 2 mi past jct. with K-201 from
Stark, pull left into driveway and park above road before bridge) (30 min.)
Dennis Limestone exposed around Stark.

STOP 4: US 59--K-39 AT CANVILLE CREEK BRIDGE WEST OF STARK: DENNIS MOUND FACIES
& GALESBURG SHALE (NE cor 22 § NW cor 23-27-20) (60 min.; includes LUNCH)

This stop shows the Dennis cyclothem in the algal-mound belt (studied by Frost,
1975), a coal-bearing "outside" shale (Galesburg), and an oolite shoal fauna (Swope).

Bethany Falls Limestone, the regressive member of the Swope cyclothem is cap-
ped by a cross-bedded spar-cemented oolite from here to about 40 km to the north-
east. This represents the more agitated open marine shoal that protected the
lagoon with the muddy oolite seen in the upper Bethany Falls at Stop 2, 90 km to
the northeast. The oolite forms the bed of Canville Creek here, and at low water
a pelecypod-dominated shoal-water fauna can be collected.

Galesburg Shale is an '"outside" shale, which represents detrital influx that
terminated the Swope cyclothem. It probably records aggradation of a deltaic plain
that underwent at least two stages of coal swamp development punctuated by perhaps
flood-borne detrital influx in this region. Northward the Galesburg thins to
about 1 m of shale around Kansas City, and southward it thickens to about 21 m
with increasing prominence of sandstones, which have been described by Stobbe (1971).
Petrology of the entire Galesburg as well as the Stark Shale above is presently
under doctoral study by Iowa student Steve Schutter.

Canville Limestone is the transgressive limestone of the Dennis cyclothem.
Essentially confined to southeastern Kansas where underlying Galesburg Shale and
Bethany Falls Limestone are thickest, the Canville is less widespread than other
transgressive limestones perhaps partly because of too rapid deepening through the
critical depths for algal carbonate production over the thin underlying shale in
northeastern Kansas. In this region, however, the Canville thickens locally to
2.4 m through addition of algal-rich calcilutite above the basal skeletal calcilu-
tite. Seen as the upper 0.6 m here, this thickens eastward along US 59 to about
2 m and represents a small transgressive algal mound developed on this presumably
higher area over thicker underlying units as transgression slowed a little.

Stark Shale is the core shale of the Dennis cyclothem with the typical black
phosphatic facies recording quasi-estuarine circulation at maximum transgression
like the black shales in the Iola and Swope cyclothems at Stops 1 and 2. Because
the Stark displays this black phosphatic facies continuously from Iowa to southern
Kansas, it was not affected by higher bottom topography over thicker underlying
formations, as the underlying Canville Limestone here or the core shale of the Iola
cyclothem at Stop 3 apparently were; thus it may represent a more extensive trans-
gression with greater water depths on a regional scale. Local accumulation of
whole shells at the top records patchy reestablishment of invertebrates as sub-
stantial bottom oxygen returned.

Winterset Limestone is a thick regressive limestone only half exposed here.
Basal calcilutite with no algal blades records shallowing into the effective photic
zone for only mud-producing algae; coherent blade production apparently required
slightly shallower water. Thick development of sparry algal calcilutite records
substantial proliferation of large phylloid algal blades below effective wave base
during a relatively slow regression. Shallowing above wave base is recorded in a
cross-bedded oolite, which is exposed nearby above the level of this roadcut.

Leave Stop 4 at 1:00 P.M.

Drive 27 miles (W on K-39 through Chanute, 1.6 mi past jct. with US 75; park in
lane on right after crossing spillway bridge) (35 min). Dennis Ls. exposed on
way to Chanute, Iola Ls. on W side of Chanute, Stanton Ls. 6 mi farther west.
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Unload bus in lane W of spillway bridge; walk S down spillway (10 min.).
STOP 5A: WILSON CO. ST. LAKE PLUNGE POOL: BASAL STANTON (SW-SW-SE 17-27-16) (35 min)

This stop shows the best transgressive calcarenite and thickest transgressive
phylloid algal mound in the Kansas Pennsylvanian. The Stanton Limestone, which
consists of a complete cyclothem (Stanton) overlain by another (South Bend) only
partly developed in Kansas, is the most intensively studied Missourian unit in Kan-
sas (Heckel, 1975, 1975a, 1978; Senich, 1975, 1978; Wood, 1977; Wood and Heckel,
1977; also M.D. Brondos, in prep. on ostracodes and forams; S.R. Schutter, in prep.
on shale petrology; R. Moussavi-Harami, in prep. on associated sandstones).

Vilas Shale records a detrital complex building westward with the final slope
preserved beneath the northwestern flank of the Stanton buildup, 3 km away.

Benedict bed consists of spar-cemented oolite surrounding large shale-cored
stromatolite heads; oolite disappears eastward, and stromatolites disappear west-
ward. Though no definite algae are apparent in thin section, stromatolites carry
encrusting forams and a few brachiopods and snails, and probably represent algal
mat development during initial marine inundation of the Vilas platform. Oolite
records the zone of agitated water along the northwest edge of the stromatolitic
platform during early transgression. Ooids display ghost lamellar structure in
blocky calcite crystals, thus record direct inversion from aragonite in the trans-
gressive environment where subaerial dissolution never occurred.

Captain Creek Limestone (with Benedict bed) is the transgressive limestone of
the Stanton cyclothem. It is sparry algal calcilutite with a diverse marine biota
dominated by blades of phylloid algae that often shelter spar-filled voids with geo-
petal sediment in the base. This "algal-mound facies" records quiet water below
wave base but above the effective photic limit for this kind of algae.

Leave Stop 5A at 2:20 P.M.

Walk 0.5 mile up spillway and E below highway level to quarry (15 min).
STOP 5B: WILSON CO. ST. LAKE QUARRY : MIDDLE STANTON (SW-SE-SE 17-27-16) (30 min.)

This stop shows offshore facies of the Stanton cyclothem in the algal mound
facies belt, from the upper part of the transgressive limestone through the base
of the regressive limestone, which is shaly enough for good fossil collecting.

Captain Creek is typical algal mound facies throughout its entire 7.5 m thick-
ness, which records transgression slow enough for more algal blade and mud produc-
tion within the photic zone than during any other inundation in Kansas.

Eudora Shale, thin and gray with abundant diverse conodonts typical of other
core shales, scattered benthic invertebrates and rare phosphate nodules, records
sediment starvation at maximum transgression with quasi-estuarine circulation and
upwelling above the level of anoxic bottom water, which was confined in this facies
belt to topographically low channels where the transgressive limestone is thin and
the Eudora is black (Stop 6B). Black phosphatic facies is widespread in the Eudora
above thin Captain Creek north of the algal mound facies belt (Stops 13, 20).

Stoner Limestone is the regressive limestone of the Stanton cyclothem. Basal
invertebrate calcarenite with no cross-bedding, grain abrasion, or evidence of
algae records enough shallowing and bottom oxygenation for invertebrate prolifera-
tion. First appearance of phylloid algae at 1.2 m above the base, suggests further
shallowing above base of photic limit for these algae. The top of the Stoner ex-
posed in K-39--US 75 roadcut just to the east has abundant algae, some in spar-
cemented zones, suggesting further shallowing to wave base.

Leave Stop 5B at 3:05 P.M. to meet bus across highway by 3:15 P.M.

Drive 17 miles (E & S on US 75 to Altoona, W on K-47 across river, then 1st
N, 1st W & S on gravel roads) (25 min.).
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STOP 6A: NORTH ALTOONA ROADCUT: STANTON CHANNEL EDGE (WL-NW-SW-SW 7-29-16) (20 min)

This stop shows facies change from Captain Creek algal mound into flanking
calcarenite along north side of contemporaneous channel in Stanton Limestone.
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Captain Creek algal mound facies dips and thins southward to disappearance
toward the channel axis while basal skeletal calcilutite grades to mound-flank
calcarenite, which thickens complementarily. As Captain Creek mound facies grew
vertically in response to water deepening, it extended laterally very little into
the channel. Mound-flank calcarenite contains calcilutite 'clasts" derived from
tops of algal blades in the mound facies. Stoner muddy calcarenite overlies a thin
tongue of mound facies in the middle of the cut and also dips southward toward the
channel axis. Fudora Shale was probably not deposited here because of slow cur-
rents in deep water impinging on the prominent edge of the mound.

Carbonate channel facies lie at least 24 m below equivalent mound facies on
either side (see map below). Averaging 1 km wide, the channel is traced from lin-
ear outliers northeast of Altoona westward 36 km where it forms a noticeable topo-
graphic low in the main outcrop belt. Most channel fill is Stoner calcarenite, but
regressive reddish Rock Lake quartz sandstone (exposed on way to Stop 6B), and
gray South Bend fossiliferous quartz sandstone and sandy calcilutite of the suc-
ceeding transgression overlie the Stoner along the channel axis.

Leave Stop 6A at 4:00 P.M.
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Drive 1 mile (S, then E on K-47; park at quarry entrance on right) (10 min.)
Reddish Rock Lake sandstone on left at junction.
STOP 6B: K-47 ALTOONA ROADCUT: STANTON CHANNEL AXIS (CNW-NE 18-29-16) (60 min.)

This stop shows Stanton channel facies near the axis of the channel.

STOP 6B : K-47 ALTOONA ROADCUT (N. SIDE)
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Captain Creek is thin skeletal calcilutite in which diverse marine fauna and
lack of Vilas clasts record deposition in quiet water below effective wave base.
This suggests that the initial Stanton carbonate deposit merely conformed to pre-
existing channelled topography on the Vilas surface after terrigenous influx ceased
in a continually subaqueous environment as sea water encroached into a formerly
fresh- or brackish-water channel.

Thin black Eudora Shale records greatly reduced deposition of the finest sus-
pended material in an anoxic bottom environment developed in the deepest water of
the channel axis at maximum transgression. Black color disappears as the shale
rises 3 m across the highway toward the south side of channel, which remained con-
tinually above the anoxic water layer.

Stoner Member, forming most of the channel fill, is skeletal calcilutite at
the base recording resumption of carbonate deposition in relatively deep quiet
water after anoxic bottom conditions disappeared during early regression. Upper
Stoner is spar-cemented abraded-grain calcarenite, which records the increasingly
well-washed environment developed in the channel as further shallowing caused
currents to funnel along the channel and impinge upon the bottom. Many abraded
grains have micrite envelopes and some are coated. The brownish grains are ferroan
dolomite, probably void filling after grain dissolution. Distinctive large-scale
cross-bedding, in which uparched beds coalesce laterally at the edges, probably
represents cross sections of elongate lime-sand bars, parallel to the sides of the
channel, which accreted upward through time with little movement toward the sides
of the channel. Small-scale cross-bedding locally shows bidirectional transport
of tidal currents. Many organisms present as whole fossils (certain brachiopods
[Schizophoria], bryozoans [Meekoporella], snails, corals) probably lived in the
channel. Articulated crinoid stems suggest rapid burial by a thick layer of debris
during storms. The bryozoan-encrusted irregular surface indicates intermittency
of deposition and periods of erosion.

The quarry to the west exposes lenses of overlying Rock Lake sandstone and
1.5 m of South Bend interbedded fossiliferous quartz sandstone and sandy calcilu-
tite recording later channel fill that was reworked in the succeeding trans-
gression, which initiated the South Bend cyclothem.

Leave Stop 6B at 5:10 P.M,
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STOP 6C : K-47 ALTOONA LOWER ROADCUT
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Walk 0.4 mile E along N side of K-47, partway down hill (10 min.).
STOP 6C: K-47 ALTOONA LOWER ROADCUT: PLATTSBURG LS. (NE cor 18-29-16) (40 min.)

This stop shows offmound facies of the Plattsburg cyclothem, which lacks
black phosphatic facies in the core shale and contains shaly limestones and
fossiliferous shales that yield abundant fossils.

Lane-Bonner Springs Shale is an "outside" shale about 50 m thick, formed
by coalescence of Lane and Bonner Springs Shales south of disappearance of the
Wyandotte Limestone about 100 km northeast. It is not known if any zones of
marine fossils in the Lane-Bonner Springs are continuous enough to represent the
Wyandotte cyclothem. Here, the Lane-Bonner Springs records prodeltaic detrital
influx during regression, which waned abruptly through delta abandonment before
transgression, allowing accumulation of enough shells to form a regional zone of
shaly limestone lenses in the upper part. The assemblage of clams, snails and
crinoid fragments represents a marine fauna dominated by organisms adapted to
soft substrate and relatively turbid water (see Heckel, 1975a, p. 35). Above
these lenses, later shift of prodelta influx back into this region formed the
upper 4 m of this shale. Waning of this influx established first the '"turbid-
water'" molluscan fauna, then a clear-water fauna at the top, containing bryozoans
and more brachiopods and crinoids than below.

Merriam Limestone is the transgressive limestone of the Plattsburg cyclothem,
deposited when algae produced enough carbonate mud to form a shaly calcilutite.
The Merriam is lenticular and appears developed on a megarippled surface, which
suggests enough current activity to produce bedforms on the underlying shale sur-
face and to prevent even distribution of lime mud, but not enough to winnow
sufficient mud to form a calcarenite.

Hickory Creek Shale is the core shale of the Plattsburg cyclothem. It was
deposited far enough offshore for stable marine salinity, but not in water deep
enough for establishment of the quasi-estuarine circulation cell that led to
phosphorite deposition and loss of bottom oxygen in other cycles. Suppression
of carbonate production probably was due to position low in the photic zone;
even if fine detrital influx helped subdue algal growth above the effective base
of the photic zone, influx was low enough to allow establishment of a good
filter-feeding fauna.

Spring Hill Limestone is the regressive limestone of the Plattsburg. Its
more pervasive shaliness than most other regressive limestones suggests a more
persistent detrital source, which apparently remained closer to the present out-
crop because less water depth was attained during the Plattsburg transgression.
Local proliferation of encrusting phylloid algae in the upper part is the only
indication here that the north end of one of the thickest (25m) algal-mound com-
plexes in the Kansas Pennsylvanian, equivalent to the upper half of the Spring
Hill but extending in thickness up to the base of the Stanton, lies about 3 km
to the southwest (Harbaugh, 1959, 1962, et al. 1965; also Nelson, 1978). Follow-
ing increase in detrital influx, the calcarenite at the top here records passage
of the zone of wave agitation during regression.

Vilas Shale records another prodeltaic detrital influx that ended Plattsburg
deposition here and filled in around the north end of the Plattsburg mound.

Leave Stop 6C at 6:00 P.M.

Drive 9 miles (E on K-47, S on US 75, 7 miles) (15 min.). Chanute sandstone
exposed S of Altoona.

Dinner about 7:15 P.M. and overnight at 0ld Homestead Motel, US 75 N, Neodesha, Ks.
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Second day (Monday) Leave Old Homestead Motel at 7:30 A.M.
Drive 18 miles (E on K-37; E on US 160, 6 mi past US 169 § S 0.3 mi) (25 min)
STOP 7: ROADCUT SW OF DENNIS: DENNIS CYCLOTHEM TRANSITION (CEL-NE 21-31-18) (35 min)

This stop shows the Dennis cyclothem south of the algal mound belt, where
it displays transition of characteristics between Kansas and Illinois cyclothems.

STOP 7: ROADCUT SW OF DENNIS, JUST S. OF U. S. 160
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Galesburg Shale records delta plain aggradation with coal swamp formation.

Canville Limestone records transgression with waning of detrital influx, in-
crease in invertebrates to form small shell lenses, and localized proliferation
of carbonate-mud-producing algae to form calcilutite lenses. Lack of widespread
algae may relate to inhibition by 1) insufficient waning of detrital influx until
water depth was too great, or by 2) proximity of buried peat to substrate.

Stark Shale records quasi-estuarine circulation at maximum transgression.

Winterset Limestone records enough regression to destroy the quasi-estuarine
cell and reoxygenate the sea bottom for reestablishment of an abundant inverte-
brate fauna. Scarcity of algae suggests that greater water depths may have been
maintained here for a longer time than in the algal mound facies belt to the north,
perhaps because of greater subsidence south of a hinge line.

The vertical sequence through the Canville skeletal calcilutite lens is a
typical Kansas cyclothem as seen at Stops 1, 2 and 4, whereas the vertical sequence
through the shaly Canville is a typical Illinois cyclothem with only a thin shelly
marine shale between the coal and the black shale. Their lateral transition along
a single exposure shows the close genetic similarity between Kansas and Illinois
cyclothems that contain phosphatic black shales; only the presence or absence of
a conspicuous transgressive limestone differentiates them.

Leave Stop 7 at 8:30 A.M.
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Drive 35 miles (N to US 160, E through Parsons, left at McCune on K-126,
5mi N, 4 mi E, then left before bridge on gravel road, 2 miles) (45 min.)

STOP 8: QUARRY SW OF GIRARD: FT. SCOTT CHAETETID REEFS (SE 12-30-22) (45 min.)

This stop shows chaetetid reefs in the Higginsville Member of the Fort Scott
Limestone, lowest formation of the Marmaton Group. The Marmaton forms the top of
the Desmoinesian Stage and Middle Pennsylvanian Series in Kansas. Chaetetids are
unknown in Upper Pennsylvanian rocks in the Midcontinent.

STOP 8 : MIDWEST MINERALS QUARRY SW OF GIRARD
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Little Osage Shale is exposed in a drainage area northeast of the lane into
the quarry. Black phosphatic shale facies records maximum transgression of the
upper Fort Scott cyclothem; lacking a transgressive limestone, this is an Illinoi's-
type cyclothem. Known only from borings here, the Blackjack Creek limestone at
the base of the Fort Scott and the underlying Excello black phosphatic shale form
the lower Fort Scott cyclothem, also of the Illinois type, in this region.

Higginsville Limestone, forming the quarry walls west along the lane, is the
regressive limestone of the upper Fort Scott. Skeletal calcilutite at the base
records reoxygenated bottom below effective wave base but within the photic zone.
The massive zone in the middle records localized proliferation of chaetetids to
form reefs up to 2.4 m thick and 3.0 m across, but with perhaps less than 0.5 m of
relief at any one time. These reefs provided substrate for attachment of auloporid
apd_horn corals. Diagenetic alteration of reefs includes local replacement by
sllica and filling of fractures by ferroan dolomite. Inter-reef areas underwent
proliferation of fusulinids with evidence of agitated water in sparry cement in
the middle. Thin sparsely fossiliferous shale above suggests a rapid detrital
pulse that smothered the reefs. Skeletal calcilutite at the top records prolif-
eration of phylloid algae in a quiet muddy environment, possibly a restricted la-
goon in view of lower biotic diversity; nature of overlying beds is unknown.

Leave Stop 8 at 10:00 A.M.

Drive 19 miles (S to K-126, E to US 69, S 2.3 miles, E 2.7 miles on
Centennial St.) (30 min.)
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STOP 9: ABD. STRIPMINE SE OF PITTSBURG: LOWER CHEROKEE DELTA CYCLES (105 min.)

This stop shows elements of cyclic sequences in the. lower Cherokee Group,
including coals and lenticular sandstones, but lacking black phosphatic shales.

Walk 0.25 mile N, and turn back S on ramp into strip-pit. (10 min.)
STOP 9A: N-S WALL OF ABANDONED MINE (SE 34-30-25) (30 min.)

STOP 9A: CLEMENS COAL CO., ABAND. MINE
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——————— Approximate top of section at STOP 9B.

Sandstones in Lower Cherokee cyclothems probably were deposited in shallow-
water deltas (Ebanks, et al., 1977). The various phases of these cyclothems can
be interpreted best as facies of alluvial-deltaic complexes. This calls for a
revision of thinking about continuity of sandstones in the lower Cherokee (see
article later in guidebook), and about the best idealized cyclic sequence de-
scribing the Cherokee type of cyclothem. The repetitive occurrence of various
lithologies is the product of delta-shifting and distributary abandonment, with
slow subsidence but without significant eustatic sea level change. In this
setting, coals are the '"normal" culmination of aggrading sedimentation on delta
plains, whereas sandstones are more sporadic and less predictable in occurrence.
Some sandstones of alluvial or distributary origin cut through earlier flood-plain
or delta-fringe sediments, as thin delta sequences prograded rapidly in shallow
water without building thick shale wedges ahead of them. Thus, most '"unconformi-
ties" noted by earlier workers are no more than local channel scours. In contrast
to the type of cyclothem developed during eustatic sea level change, with the
deposit formed at maximum transgression at its middle (Fig. 3A), the idealized
sequence of genetically related lithologies in these more common Cherokee cyclo-
thems reflects progradation of a clastic wedge (in upward sequence): dark marine
shale with rare limestone--gray sideritic shale--gray silty shale with thin sand-
stone interbeds--rare cross-bedded sandstone--thin-bedded sandstone, siltstone
and shale--underclay with coal.

Leave Stop 9A at 11:10 A.M. to meet bus at 11:20 A.M.
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Drive 0.7 mile E; walk 0.25 mile N into strip-pit. (15 min.)
STOP 9B: E-W WALL OF ABANDONED MINE (SW 35-30-25) (30 min.)

STOP 98: CLEMENS COAL CO., ABAND. MINE
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This east-west cross section illustrating relationships of Stops 9A and 9B
is based on borings about 100 m apart and pre-mining topographic maps. The dip of
Cherokee beds in this area averages 15-20 ft/mi (3-4 m/km). The sandstones high
in the section are probably equivalent to the Bluejacket Sandstone, which occurs
discontinuously at the surface in this area of Kansas and in adjoining states.

Leave Stop 9B at 12:05 P.M. to meet bus at 12:15 P.M.
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STOP 10: CLEMENS COAL CO. MINE #22

o (measured at NW SE 9-28-25)
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Claystone, slakes readily, fossils in lower half
of unit, greenish-gray
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CABANISS

Limestone, very argillaceous, micrite, some fossils present,
occasional pyrite nodules, irregular thickness, gray

Shale, irregular bedding, intensely burrowed,
siltstone laminations, It. greenish-gray

Shale, thin laminations, thin siltstone beds present, dark
gray

Coal (Fleming), contains areas of abundant fusain, pyrite
nodules present

1
GROUP

Sandstone, thin-bedded in lower part to thickbedded
in upper part, very fine grained, gray to It. gray

Sandstone, very fine grain, with interbedded and inter-
laminated siltstone and silty shale, burrowed, gray to
It. gray

Shale, well bedded, hard, carbonaceous, occasional
burrowing with pyrite replacement in upper half, occa-
sional hard lenticular siltstones beds in lower part,
clay ironstone nodules, very dark gray

|
CHEROKEE

Coal (Mineral), banded, with discontinuous pyrite
layers along some bedding planes
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Drive 9 miles (1 mile E, 7 miles N, 0.7 mile W) (15 min.)
LUNCH at Chicken Mary's, Yale, Kansas (60 min.)

Drive 11 miles (0.3 mile W, 2 miles N, 1 mile W, 7 miles N, 0.7 mile into
mine area; depending on mine conditions, there can be a short walk of up
to 0.2 mile) (20 min.)

STOP 10: CLEMENS MINE #22: UPPER CHEROKEE COALS (NW-SE 9-28-25) (75 min.)

The mine at this stop is the third largest coal mine operating in Kansas
with an annual production of approximately 200,000 tons of coal. A more compre-
hensive description of Kansas coal production appears in a later article in
this guidebook.

Variation in stratigraphy and height of the highwall cut make this parti-
cular mine an interesting stop to observe the rock units in the upper part of
the Cherokee Group. The Mineral and Croweburg coals are mined at this location
in a multiple-bed operation. The Bevier coal is also mined where present, if
the quality has not deteriorated from surface weathering. Total thickness of
the Cabaniss Formation is approximately 60 m in a total Cherokee Group thickness
of approximately 115 m.

By utilizing a shovel and dragline, multiple coal beds are worked, and a
continuing reclamation effort is maintained. Mining eqipment used at the mine
includes a 23-yard Marion 5560 shovel and an 11-yard Marion 7400 dragline as well
as bulldozers, loaders, trucks, and scrapers. All the coal mined is processed
through the company tipple located 4 km (2.5 miles) southeast of this location.

Channel samples taken of the Croweburg and Mineral coals from this mine
show the following general values:

Croweburg Mineral
Heat of Combustion (28,000 kJ/kg (29,300 kJ/kg
(12,000 BTU (12,600 BTU
Ash 16% 13%
Sulfur 4% 4-5%
Volatile 37% 36%
Fixed Carbon 45% 48%
ft. (m) =
(2) 7 g 2 _'_!': |7 Soil, clay, dark reddish-brown
5 — O ‘——-—--
w v
v g 16 Coal ( Bevier ), banded
m 19 < bE 215 Clay, soft, It. brown
T < 14 Limestone ( Verdigris ), fossiliferous
oY e micrite, one bed, gray with It. brownish-
0 \—:—‘:"_-—_— 13 \ gray mottling

The above section, measured in the NW 1/4 sec. 15, 0.9 mile (1.5 km) south-
east of the section visited in the mine (opposite page), shows the rock sequence
present above the shale of unit 13. The Verdigris Limestone (unit 14) and under-
lying phosphatic shale (unit 13, here and at Stop 10) have been traced laterally
for several hundred km from Oklahoma to Missouri. They may represent part of a
major eustatic Cherokee cyclothem rather than a simple delta-abandonment cycle,
which seems to be the dominant type in the Cherokee Group.

Leave Stop 10 at 3:05 P.M.
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Drive 20 miles (W nearly 2 miles to US 69, N 12 miles, W on paved road
4 miles, then S 1 mile and W 0.6 mile) (30 min.)

STOP 11: JUBILEE QUARRY: PAWNEE LIMESTONE (SE-SW 16-26-24) (50 min.)

This stop shows the Pawnee Limestone, a Middle Pennsylvanian cyclothem of
the Illinois type, which lacks a well developed transgressive limestone. The
Pawnee is presently under doctoral investigation by Iowa student Rex Price
who provided most of the following information.

STOP Il : JUBILEE QUARRY SW OF FORT SCOTT
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Labette Shale is the outside shale separating the Fort Scott and Pawnee
Limestones. Averaging about 12 m thick in Kansas, it contains local coals and
sandstones with scattered zones of marine fossils; thus it probably represents
a spectrum of delta plain to nearshore marine environments. The top meter
exposed in this quarry,with scattered marine invertebrates, burrows and trails,
records detrital influx in a turbid nearshore regime, perhaps from a nearby
delta lobe.
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Anna Shale is included in the Pawnee Limestone because of the thin lenti-
cular limestone that is present in places at its base. Here this is a thin,
slightly sandy, skeletal calcarenite that records local proliferation of inverte-
brates as detrital influx waned during transgression. Pyritization of parts of
it probably relates to early-burial diagenesis. The dark gray shale just above
with few benthic fossils records reduced bottom oxygenation with further trans-
gression., The black shale with phosphorite nodules in the middle records phos-
phate-rich anoxic bottom conditions developed under strong quasi-estuarine cir-
culation at maximum transgression. Phosphorite nodules in the Anna contain
well preserved radiolarians (Berendsen and Nodine-Zeller, 1978); these represent
a pelagic fauna, which would be expected in such nutrient-rich waters, but they
are either not yet discovered or not preserved in other phosphatic black shales.
The possibly greater silica content from radiolarians in the surrounding shale
may account for the blockiness and lesser fissility of the Anna compared to other
black shales. The upper dark gray shale records lessening effect of the quasi-
estuarine cell.

Myrick Station Limestone is the early regressive limestone of the Pawnee
cyclothem, in which diversely fossiliferous skeletal calcilutite with scattered
phylloid algae records reestablishment of good bottom oxygenation below effec-
tive wave base but within the lower part of the photic zone. Dolomitization of
the calcilutite matrix, which is pervasive in stained thin sections from the
base of the unit, probably is related more to the associated offshore shale,
just as in the top of the transgressive limestone at Stop 2, than to supratidal
or fresh-water mixing models.

Mine Creek Shale is little more than an unfossiliferous shale parting in
the thick limestone sequence here, and records the distal end of a rapid pulse
of detrital influx. It has been traced about 35 km northeastward into a 5-m
thick shale, which represents the main delta lobe penetrating a relatively off-
shore carbonate environment in the middle stage of regression,

Laberdie Limestone is the remainder of the regressive limestone of the
Pawnee cyclothem, in which diversely fossiliferous skeletal calcilutite with up-
ward increasing phylloid algae records shallowing within the photic zone short
of effective wave base. The chaetetids in the lower Laberdie are thin, laterally
extensive encrusting forms, which seem to be adapted to a more offshore quiet-
water environment than the massive domal forms that built small reefs in the
Fort Scott at Stop 8. Abundant monocrystalline and polycrystalline calcispheres
are noted in thin section in the more algal horizons in the middle and upper
Laberdie; their possible dasyclad algal origin is compatible with an upward
shallowing sequence. The top of the Laberdie is not exposed here, so it is not
known whether the Pawnee has regressive shoal-water carbonate facies or not.

Leave Stop 11 at 4:25 P.M.

Drive 65 miles (E 0.6 mile, N 1 mile, E 4 miles back to US 69; N through
Ft. Scott 15 miles to K-31 at Fulton, W 5.5 miles to K-7, N about 36 miles
through Mound City to US 169, then N 3 miles across bridge over Marais des
Cygnes River) (85 min.); the Bronson escarpment of 3 lower Kansas City
Group limestones [Hertha, Swope, Dennis| is crossed several times around
Mound City.
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STOP 12: US 169 ROADCUT AT OSAWATOMIE: CHANUTE SHALE § COAL (SW 1-18-22) (20 min.)

This stop shows the Missourian outside shale that contains the most wide-
spread coal horizon in eastern Kansas; the coal here is overlain by a thin black
shale that is different from the offshore phosphatic black shales associated with
the marine parts of cyclothems (see Heckel and Swade, 1977).
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(3 | > Sandy micaceous Shale w. plant fragments
— ostracodes (1 species), plant fragments fresh or brackish
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delta
Sandy Shale i
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0 ¥ 3 m. more sandy shale exposed

Chanute Shale is at least 10 m thick here where it represents delta plain
aggradation with coal swamp development, compared to the 3 m of prodeltaic facies
at Stop 1, 65 km to the north. Above the coal here are several cm of black shale,
which carries ostracodes, molluscs and wood fragments, but no conodonts, thus
probably records a low-oxygen fresh-water lake or slightly brackish-water
lagoon developed over an inundated coal swamp.

Iola Limestone is the overlying complete transgressive-regressive marine
sequence little different from Stops 1 and 3, 65 to 85 km north and south.

Leave Stop 12 at 6:10 P.M.

Drive 52 miles (N on US 169, to K-7 through Olathe, and W on K-10 to Lawrence;
several upper Missourian limestones are exposed along the way) (60 min,)

Dinner about 7:30 and overnight at a motel in Lawrence, Kansas.



Third day (Tuesday)

Drive 15 mi

Leave motel in Lawrence at 7:30 A.M.
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les (E on K-10 to exit ramp 1 mi E of Evening Star Rd exit) (25 min)

STOP 13: K-10 CUT E. OF EUDORA: STANTON LIMESTONE (SE-SE 36-12-21) (35 min.)

30
®

20 -
(6)

ft

(m)

10
(3)

This stop shows th
belt at Stops 5 & 6), developed as a typical Kansa
facies belt at a new roadcut where the phosphatic

STOP 13: K-10 CUT E. OF EUDORA
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Vilas Shale records prodeltaic detrital influx.

Captain Creek Limestone records waning of detrital influx and establishment

of algal carbonate mud production during a transgression slow enough to develop
the thickest transgressive limestone in the Upper Pennsylvanian of Kansas.

circulation, upwelling and phosphate-rich anoxic bottom conditions.

Eudora Shale records enough water deepening to establish quasi-estuarine

The Eudora

black shale facies is developed wherever the Captain Creek is less than 4 m
thick, and is continuous for 370 km from east central Kansas to Nebraska (Stop 20).

base, followed 15 cm above by appearan
Shallowing at the top is indicated by
calcilutite, and possibly also by inc
lobes. Fine-grained abraded skeletal calcarenl

Stoner Limestone records resumption of algal carbonate mud production at the

Stoner 16 km to the northeast along the Kansas Turnpike.

Leave Stop 13 at 8:30 A.M.

ce of coherent secretions of phylloid algae.
birdseye structures in less fossiliferous
reased shaliness from encroaching detrital
te is present at the top of the
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STOP 14 : KANSAS TURNPIKE CUT (OREAD LIMESTONE)
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Drive 21 miles (W on K-10 to Lawrence, N on US 59 into W. Lawrence Turnpike
Interchange, and W on Kansas Turnpike [I-70] 3 miles) (30 min.)

STOP 14: KANSAS TURNPIKE CUT: OREAD LIMESTONE (NW-NW 21-12-19) (60 min.)

This stop shows most of the Oread Limestone, which is perhaps the archetypical
"Shawnee Megacyclothem,' the most complex of R.C. Moore's cyclic sequences.

Lawrence Shale here represents a delta-plain deposit with short-lived coal
swamp development followed by marginal marine detrital influx (Hakes, 1977) before
delta abandonment at the top.

Toronto Limestone is the "lower" limestone of the Oread "megacyclothem."
Detailed study by Troell (1965, 1969) suggests that it represents a single trans-
gressive-regressive fluctuation of sea level. In this exposure, transgression is
recorded by passage upward from the thin basal shell concentration into skeletal
calcilutite deposited between effective wave base and base of the photic zone.

The thin fossiliferous shale near the middle is widespread enough to have been
used as the major stratigraphic datum by Troell (1965), who interpreted it as a
product of very slow offshore clay deposition in view of its fauna of filter feeders
(bryozoans, corals, crinoids), which would not have developed in a rapid turbid
nearshore detrital pulse. It is possible that scarcity of carbonate mud at this
horizon reflects lack of algae near the base of the photic zone, and in view of
the relative abundance of conodonts (about 100/kg, mostly idiognathodids), this
shale represents the core shale deposited at maximum transgression of the Toronto
cyclothem. Regression is recorded by passage from the overlying skeletal calcilu-
tite into the capping argillaceous calcilutite with low-diversity fauna of eury-
haline groups, which may represent a restricted lagoonal environment.

Snyderville Shale records spread of detritus in an alluvial environment
followed by initial inundation of the succeeding transgression.

Leavenworth Limestone is the "middle' limestone of the Oread megacyclothem
and the transgressive limestone of the Oread cyclothem. Detailed study by Toomey
(1969) documents the lateral persistence of its nearly uniform nature 500 km
from Iowa to Oklahoma. It records a blanket of algal mud production during
transgression between effective wave base and the base of the photic zone.

Heebner Shale is the core shale of the Oread cyclothem. Detailed study by
Evans (1967) was among the first to strongly propose interpretation of this type
of black shale as the deepest-water phase of the megacyclothem. It records depths
great enough to establish quasi-estuarine circulation and upwelling, followed by
enough shallowing to cause the quasi-estuarine cell to break up and allow some
bottom reoxygenation below the effective base of algal mud production.

Plattsmouth Limestone is the ''upper'' limestone of the Oread megacyclothem and
early regressive limestone of the Oread cyclothem. It records enough shallowing to
thoroughly reoxygenate the sea bottom and reestablish algal mud production. Calci-
lutite with diverse biota throughout indicates deposition entirely below wave base.

Heumader Shale records a rapid detrital pulse in view of its sparse fauna.

Kereford Limestone is the "super" limestone of the Oread megacyclothem and
probably the late regressive limestone of the Oread cyclothem separated from the
early regressive limestone by a fortuitous detrital wedge. Here, its base records
resumption of algal mud production below wave base, but laterally, oolites and
molluscan biotas record shoaling above wave base and perhaps lagoon formation.

Leave Stop 14 at 10:00 A.M.

Drive 2.6 miles W along Kansas Turnpike (I-70) (10 min.) .
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STOP 15: KANSAS TURNPIKE CUT: LECOMPTON LIMESTONE (NE-NW 24-12-18) (50 min.)

This stop shows the middle of the Lecompton Limestone, the next higher
""Shawnee megacyclothem," differing from the others in extreme shaliness of the
regressive limestone, which affords excellent fossil collecting.
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Spring Branch Limestone, the "lower" limestone, may record only reduced
detrital influx in a nearshore marine environment during general regression.

Doniphan Shale records more overwhelming detrital influx into a marginal
marine environment, followed by initiation of the succeeding major transgression.

Big Springs Limestone, the "middle" limestone of the Lecompton megacyclothem
and transgressive limestone of the Lecompton cyclothem, records algal mud produc-
tion and fusulinid proliferation between wave base and base of the photic zone.

Queen Hill Shale is the core shale of the Lecompton cyclothem, which records
quasi-estuarine circulation at maximum transgression.

Beil Limestone is the '"upper' limestone of the Lecompton megacyclothem and
regressive limestone of the Lecompton cyclothem. It records algal mud production
and invertebrate proliferation on a sea floor that was subject to more detrital
influx from distant deltas than were most other regressive limestones. Fine
calcarenite in the topmost bed records regression above effective wave base.

King Hill Shale records more overwhelming detrital influx from a closer delta
as shoreline approached. Environment of the yellow carbonate is not clear.

"Super' limestone of the Lecompton megacyclothem (Avoca) is not exposed here.
Leave Stop 15 at 11:00 A.M.
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Drive 2 miles W along Kansas Turnpike (I-70) (10 min.).
STOP 16: KANSAS TURNPIKE CUT: DEER CREEK LIMESTONE (NE-NW 22-12-18) (30 min.)

This stop shows most of the Deer Creek Limestone, the next higher "Shawnee
megacyclothem,'" and the highest that is well developed from Iowa to Oklahoma.

STOP 16 : KANSAS TURNPIKE CUT (DEER CREEK LS.)
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Tecumseh Shale records detrital influx into a shallow nearshore environment,
in which transgression initiating Deer Creek deposition can be detected by vertical
sequence of trace fossils toward the top (Hakes, 1976).

Ozawkie Limestone is the '"lower'" limestone of the Deer Creek megacyclothem.
Entirely oolitic here, it records an agitated carbonate shoal, which requires no
significant change in sea level. Like the Spring Branch ("lower'" limestone of the
Lecompton) it is absent in Nebraska (Moore, 1949), thus supporting possible origin
of both from delta shifting near the end of regression, rather than from widespread
sea level change as suggested for the Toronto ('"lower" limestone of the Oread),
which is as well developed in Nebraska as in Kansas.

Oskaloosa Shale records the last detrital pulse before major transgression.

Rock Bluff Limestone is the 'middle' limestone of the Deer Creek megacyclothem
and transgressive limestone of the Deer Creek cyclothem, recording algal mud
production between effective wave base and base of the photic zone.

Larsh-Burroak Shale is the core shale of the Deer Creek cyclothem, recording
quasi-estuarine circulation at maximum transgression. It has been considered
equivalent to two thin shales and an intervening limestone in Nebraska (Stop 22).

Ervine Creek Limestone is the ''upper'" limestone of the Deer Creek megacyclo-
them and regressive limestone of the Deer Creek cyclothem, recording reestablish-
ment of algal mud production. Although not exposed here, the top is oolitic in
places (Moore, 1949), recording shallowing above wave base.

Leave Stop 16 at 11:40 A.M.
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Drive about 23 miles (W on Kansas Turnpike, staying on I-70 through Topeka
to about 11 miles W of E. Topeka Turnpike Interchange, and 0.6 mile W of
on-ramp joining I-470 with I-70); includes LUNCH STOP around Topeka (90
min.); Topeka Limestone exposed on E side of Topeka.

STOP 17: I-70 ROADCUT W OF TOPEKA: BERN LIMESTONE (SE-NW 31-11-15) (30 min.)

This stop shows two Wabaunsee Group limestones. One displays several members
of Moore's (1936) Wabaunsee cyclothem, which form a miniature Kansas cyclothem and
can be similarly interpreted. Limestone formations presently recognized in the
Wabaunsee Group (e.g. Bern) consist of two distinct limestone cycles separated
by a shale member that is lithically like the adjacent shale formations.
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Silver Lake Shale records detrital influx into a shoreline environment.

Burlingame Limestone is traced from Nebraska to Oklahoma and displays ele-
ments of the Wabaunsee cyclothem in places, though unequally developed (Moore,
1949); thus it may represent a widespread eustatic transgression. Nevertheless,
its uniform algal calcilutite lithology in this exposure definitely records only
cessation of detrital influx and proliferation of phylloid algae, which could
result merely from delta abandonment in the nearshore marine environment.

Soldier Creek Shale records another overwhelming, perhaps deltaic, influx.

Wakarusa Limestone comprises two beds of limestone separated by a thin shale
and thereby constitutes a miniature Kansas cyclothem. The limestone is recognized
from Nebraska to Oklahoma, and the thin shale is traceable at least from Topeka
(Owen, 1959) to Nebraska (Burchett & Reed, 1967, p. 41). At this exposure, the
thin basal limestone records transgression between effective wave base and base
of the photic zone. The thin shale, in view of its abundant and diverse fossil
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content (including hundreds of conodonts/kg, dominated by idiognathodids and
containing possible idioprioniodid elements), records slow offshore settling
of suspended detritus and cessation of algal mud production near the base of
the photic zone, rather than nearshore rapid detrital influx. The thicker
upper limestone records shallowing through the main part of the photic zone,
and the shell concentration at the top may reflect winnowing of mud above wave
base, although little abrasion is apparent. The thin shale in the middle is a
typical core shale developed in water too shallow to establish a quasi-estuarine
circulation cell, and it corresponds to the .4 shale of Moore's typical Wabaun-
see cyclothem. The thick limestone above contains fusulinids and lithically
resembles Moore's .5 limestone, while the shelly horizon at the top might be
considered the .7 limestone. The basal limestone, although lithically resembl-
ing the .3 limestone, carries more abundant fusulinids than the .5 limestone,
which suggests that presence or absence of fusulinids is not as significant a

characteristic as Moore (1936) believed in his interpretation of Wabaunsee and
Shawnee sequences.

Auburn Shale records return of rapid detrital influx, during the regression
that terminated the Wakarusa cyclothem.

Leave Stop 17 at 1:40 P.M,

Drive about 95 miles (W on I-70, 1.4 miles, then exit underneath and reenter
I-70 going E; about 4.5 miles, exit K-4 N, then take US 75 N into Nebraska,
W on N-8, and N on N-105 nearly 4 miles.) (120 min.)
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STOP 18: N-105 ROAD DITCH S OF HUMBOLDT, NEBRASKA: PENNSYLVANIAN-PERMIAN

BOUNDARY BEDS (W line NW 27-2-13) (60 min.)

This stop shows the top of the Pennsylvanian System in the Midcontinent

and several Lower Permian units, some of which afford good fossil collecting.

The Pennsylvanian-Permian boundary sequence is dominated by relatively thick,

mostly unfossiliferous shales, probably deposited in nonmarine to very nearshore

environments dominated by overwhelming detrital influx.

Even though some of the

names are carried into Kansas, most of the thin fossiliferous limestones may repre-
sent no more than enough cessation of detrital influx to allow proliferation of

shelled organisms in a shallow marine environment.

A type of cyclothem, Council

Grove (like the Wabaunsee type, but with red shale), was recognized by Moore (1950)
in this sequence, and the one formation in the Council Grove Group here (Foraker)
carries the only diversely fossiliferous shale (Hughes Creek) in this section.
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Thus it represents a more important marine incursion than do the thin limestones
below, but whether it records sufficient deepening to eliminate algal mud produc-
tion (as seems the case in most Pennsylvanian cyclothems seen previously), or
whether it involved just inhibition of algae or masking of carbonate mud by slower
detrital influx in a nearshore marine environment during a longer shift in major
influx is not known.

Placement of the Pennsylvanian-Permian boundary at the top of the Brownville
Limestone is arbitrary because the sequence 1is essentially conformable with little
upward change in fossils (Mudge and Yochelson, 1962). Channel sandstones (Indian
Cave) originate in this horizon, and cut down into the Wabaunsee Group at places
in Nebraska and Kansas. Because similar channel sandstones are known at other
horizons, the erosional event at the boundary seems no more significant than those
at other horizons.

Leave Stop 18 at 4:40 P.M.

Drive about 90 miles (N on N-105 through Humboldt, W on N-4, N on N-50,
E on I-80 into south outskirts of Omaha) (110 min.)

Dinner at Howard Johnson's about 7:15 P.M. and overnight.
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Fourth day (Wednesday) Leave Howard Johnson's, Omaha, at 7:30 A.M.

Drive about 20 miles (W on I-80, S on N-85, continuing S from jct. with
N-370 for 3.5 miles, bending W 1.2 mile, then S 1.4 mile) (30 min.)

STOP 19: RICHFIELD PWA QUARRIES: HERTHA, SWOPE & DENNIS LS (NE 28-13-12) (80 min.)

This stop shows formations seen about 340 km southward at Stops 2, 4, and ¥y
which still display the typical Kansas cyclothem sequence with black phosphatic
core shales. Names used here are based on correlation of surface exposures from
Kansas, supported by fusulinid data of Thompson (1957) for Winterset, Iowa. This
is one cyclothem above the names used by the Nebraska Geological Survey (Burchett
and Reed, 1967, p. 52, who recognize what we call Swope as Dennis and what we call
Dennis as Sarpy, a new name for limestones in the Cherryvale Shale). Resolution
of this disagreement awaits detailed biostratigraphic work.

STOP 19A : RICHFIELD PWA EAST ( NEW ) QUARRY
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STOP 19A: EAST (NEW) QUARRY: UPPER HERTHA & LOWER SWOPE (40 min.)

Hertha Limestone, the next cyclothem below the Swope, is not subdivided into
members in Nebraska. Exposed here is the regressive limestone: Calcilutite at
the base records algal mud production below effective wave base. Overlying cal-
carenite indicates shallowing above wave base. Shaly calcilutite above with
myalinids suggests a slightly restricted lagoon. Possible birdseye and intraclasts
in capping calcilutite suggest a shoreline environment, and patchy distribution of
skeletal fragments may reflect storm distribution of skeletal debris on mud flats.

Ladore Shale records a rapid pulse of detrital influx.

Middle Creek Limestone and Hushpuckney Shale are the transgressive limestone
and offshore shale of the Swope cyclothem.
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Bethany Falls Limestone is the regressive limestone of the Swope cyclothem.
The lower part here records shallowing and resumption of algal mud production
below wave base, periodically diluted by slow detrital influx from distant deltas.

Leave Stop 19A at 8:40 A.M.

Walk W across road (10 min.)

STOP 198 : RICHFIELD P.W. A. WEST (OLD ) QUARRY
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STOP 19B: WEST (OLD) QUARRY: UPPER SWOPE & DENNIS (30 min.)

Bethany Falls Limestone is correlated between the two quarries by the band
of dark chert nodules. Calcarenite zones in the upper part record shallowing
above wave base. Conspicuous clams and snails, and birdseye or solution struc-
tures suggest restriction and eventual emergence at the top.

Galesburg Shale records rapid nearshore detrital influx.

Canville Limestone and Stark Shale are the transgressive limestone and
offshore shale of the Dennis cyclothem.

Winterset Limestone is the regressive limestone of the Dennis, recording
shallowing up to effective wave base. It is not certain whether the higher lime-
stones with thin shales constitute the upper Winterset or represent the Wester-
ville Limestone, a poorly defined unit where named in Iowa, but recognized as a
member of the Cherryvale Shale at Kansas City. Here, these beds record fluctua-
tion of detrital influx and eventual shallowing to tidal-flat deposition.

Leave Stop 19B at 9:20 A.M.
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Drive 10 miles (N 0.7 mi, W 1.8 mi, N 0.2 mi, W 2 mi through Springfield,
S on N-50 4.8 mi, then W on N-31 1.2 mi to lane on right) (20 min.)

STOP 20: DERBY STONE PRODUCTS QY: STANTON & PLATTSBURG LS. (NE 16-12-11) (80 min.)

This stop shows formations already seen 340 km southward at Stops 5, 6, and
l?, which display the typical Kansas cyclothem sequence here with distinct shore-
line carbonate facies at the tops of the regressive limestones.

STOP 20: DERBY STONE PRODUCTS QUARRY
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Bonner Springs Shale records a rapid detrital influx.

Merriam Limestone is the transgressive limestone of the Plattsburg cyclothem
and records algal mud production during deepening.
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Hickory Creek Shale is the core shale of the Plattsburg cyclothem. Although
lacking a black phosphatic facies as far as known along the Midcontinent outcrop,
it seems to reflect lower bottom oxygen here than in southeastern Kansas because
benthic fossils are much less abundant than at Stop 6C. Apparently the Plattsburg
transgression achieved water depths here sufficient to inhibit consistent vertical
circulation but not to set up a strong quasi-estuarine circulation cell.

Spring Hill Limestone is the regressive limestone of the Plattsburg cyclothem
recording shallowing through the optimal depths for algal mud production to a
muddy shoreline facies at the top.

Vilas Shale records rapid detrital influx in environments ranging from
nonmarine to nearshore as transgression began.

Captain Creek Limestone, the transgressive limestone of the Stanton cyclothem,
represents a small amount of algal mud production during deepening between effec-
tive wave base and the base of the photic zone.

Eudora Shale, the core shale, records maximum transgression with water depth
sufficient to establish a strong quasi-estuarine circulation cell.

Stoner Limestone is the regressive limestone of the Stanton cyclothem. The
basal limestone, informally termed 'Dyson Hollow bed," records enough shallowing
to reestablish algal mud production. The overlying shale, informally termed
"Kiewitz shale bed," records proliferation of benthic invertebrates in a stable
offshore environment apparently in conjunction with inhibited algal mud production
for some reason. The middle and upper Stoner record a complete shallowing-upward
sequence from skeletal calcilutite deposited below wave base, through zones of
skeletal calcarenite deposited above wave base, to barren laminated calcilutite
with birdseye and desiccation cracks deposited on tidal flats. Although not as
well developed in the older cyclothems at Stop 19, similar shoreline facies domi-
nate the tops of most regressive limestones in Nebraska and Iowa, thus defining
the northern shoreward facies belt of the Midcontinent Pennsylvanian.

Rock Lake Shale is the outside shale that terminated deposition of the Stan-
ton cyclothem. Its thinness along outcrop, apparently resulting from erosion
during a major regression of the sea (Heckel, 1975a), caused it to be included as
a member of the Stanton Limestone. Here it records detrital progradation in a
well-drained nonmarine environment of iron-mineral oxidation and dehydration.

South Bend Limestone, considered the '"super limestone' of the Stanton megacy-
clothem (Moore, 1949), is still included as a member of the Stanton Limestone even
though it represents the next major transgression of the sea in Kansas, where it
consists only of a transgressive limestone with initial development of non-black
core shale overwhelmed by detrital influx from Oklahoma (Heckel, 1978). 1In
Nebraska, however, younger carbonates seem present in the South Bend because cri-
noid faunas from the upper South Bend resemble higher Virgilian faunas more than
those of the basal South Bend here or the entire South Bend in Kansas, which retain
strong Missourian affinities (Pabian and Strimple, 1978). Furthermore, distinct
transgressive and regressive limestones are separated by a core shale in the South
Bend at Stop 21. This suggests that the Missourian-Virgilian boundary, which is
defined as the top of the South Bend in Kansas, falls within the South Bend in
Nebraska.

Leave Stop 20 at 11:00 A.M.

Drive 2 miles (E to N-50, S across Platte River to office of Ash Grove
Cement Company Plant on N outskirts of Louisville) (10 min.)
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STOP 21: ASH GROVE CEMENT CO. LOUISVILLE E. QY: STANTON LS. (13-12-11) (170 min.)

This stop shows most of the Stanton Limestone little changed from Stop 20,
but affords a look at a large cement plant and a chance for lunch and leisurely
fossil collecting on an extensive surface of the '"Kiewitz shale bed."

STOP 21: ASH GROVE LOUISVILLE E. QY. (STANTON LS. )
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Stoner Ls. and Rock Lake Sh. show the same regressive sequence as at Stop 20.

South Bend Limestone displays near the base an offshore core shale

unstudied thin parting at Stop 20) with abundant conodonts (1000/kg).

(an
Overlying

skeletal calcilutite grading up to oolitic skeletal calcarenite is the regressive

limestone completing the South Bend cyclothem.

The upper sandy shale carries

siltstone lenses at Stop 20, but its fossil content here suggests slower detrital
influx interrupting regressive carbonate deposition.

Overlying Plattford Formation records a more rapid pulse of detrital influx

followed by establishment of algal mud production (Nehawka Limestone) with restric-
ted fauna under nearshore conditions of fluctuating turbidity and salinity.

Leave Stop 21 at 2:00 P.M.
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Drive 12 miles (back to N-50, S to about 0.5 mile S of jct. with §-13K;
turn E on quarry road by hot mix plant) (30 min.)

STOP 22: HOPPER BROS. WEEPING WATER QY: DEER CREEK LS. (NE-SW 3-10-11) (60 min.)

This stop shows the Deer Creek Limestone seen 200 km southward at Stop 16.
Here it lacks the '"lower'" limestone of the megacyclothem so that it more closely
resembles a typical Kansas cyclothem. It also displays an abundantly fossili-
ferous shale ('"Burroak"), which is environmentally equivalent to the "Kiewitz
shale" seen at the last two stops and thus affords more good fossil collecting.

STOP 22 : HOPPER BROS. WEEPING WATER QY.
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Tecumseh Shale records rapid detrital influx into a nearshore environment,
which has overwhelmed Ozawkie Limestone deposition somewhere to the south and
thus includes the Oskaloosa Shale seen above the Ozawkie at Stop 16.

Rock Bluff Limestone is the transgressive limestone of the Deer Creek cyclothem.

Larsh Shale is the core shale, recording maximum transgression.

Ervine Creek Limestone is the regressive limestone, which includes at its
base two distinctive beds that originally were named as separate members. ""Haynies
limestone" records enough shallowing to reestablish algal mud production. Over-
lying "Burroak shale bed' records proliferation of benthic invertebrates and
inhibition of algal mud production in a stable offshore environment. R.K. Pabian
discusses generic replacement in crinoid assemblages in this environment from
the Missourian Kiewitz to the Virgilian Burroak shales in a later article in
this guidebook. The overlying limestone facies record shallowing up through wave
base to probable muddy shoreline environments at the top.

Calhoun Shale records rapid detrital influx that terminated the cyclothem.
Leave Stop 22 at 3:30 P.M.

Drive about 125 miles (back to N-50, S 14 miles to N-2, E through Nebraska
City and across Missouri River to I-29, S to St. Joseph for DINNER around
6:30 P.M.); then S on I-29 about 35 miles to Holiday Inn at Kansas City
International Airport, arriving about 8:15 P.M. for overnight stay.

END OF TRIP




58
REFERENCES CITED

Berendsen, P., and Nodine-Zeller, D.E., 1978, Radiolarian - sponge-bearing
phosphate nodules from Pennsylvanian black shales, southeastern Kansas
(abstract): Geol. Soc. America Abstracts w. Prog., v. 10, p. 1-2.

Burchett, R.R., and Reed, E.C., 1967, Centennial guidebook to the geology of
southeastern Nebraska: Univ. Nebraska, Conservation & Survey Div.,
Nebraska Geol. Survey, Lincoln, 83 p.

Ebanks, W.J., Jr., James, G.W., and Livingston, N.D., 1977, Evaluation of heavy-
0il and tar sands in Bourbon, Crawford, and Cherokee counties, Kansas--
Final Report: U.S. Dept. Energy, BERC/RI-77/20, 110 p.

Elias, M.K., 1937, Depth of deposition of the Big Blue (late Paleozoic) sedi-
ments in Kansas: Geol. Soc. America Bull., v. 48, p. 403-432.

Evans, J.K., 1967, Depositional environment of a Pennsylvanian black shale (Heeb-
ner) in Kansas and adjacent states: Ph.D. dissert., Rice Univ., 162 p.

Ferm, J.C., 1970, Allegheny deltaic deposits: SEPM Spec. Publ. 15, p. 246-255.

Frost, J.G., 1975, Winterset algal-bank complex, Pennsylvanian, eastern Kansas:
AAPG Bull., v. 59, p. 265-291.

Hakes, W.G., 1976, Trace fossils and depositional environment of four clastic
units, Upper Pennsylvanian megacyclothems, northeast Kansas: Univ.
Kansas Paleont. Contr., Art. 63, 46 p.

Hakes, W.G., 1977, Trace fossils in Late Pennsylvanian cyclothems, Kansas, in
T.P. Crimes and J.C. Harper, ed., Trace fossils 2: Geol. Journal, Spec.
Issue, no. 9, p. 209-226.

Harbaugh, J.W., 1959, Marine bank development in Plattsburg Limestone (Pennsyl-
vanian), Neodesha-Fredonia area, Kansas: Kansas Geol. Survey Bull. 134,
pt. 8, p. 289-331.

Harbaugh, J.W., 1962, Geologic guide to Pennsylvanian marine banks, southeast
Kansas: Kansas Geol. Society 27th Field Conf. Guidebook, p. 13-67.

Harbaugh, J.W., and others, 1965, Field conference guide to Pennsylvanian marine
banks, southeastern Kansas: Geol. Soc. America Ann. Mtg., Kansas City,
Field Conf. Guidebook, Kansas Geol. Survey, Lawrence, Kansas, p. 1-46.

Heckel, P.H., 1972, Recognition of ancient shallow marine environments: SEPM
Spec. Publ. 16, p. 226-286.

Heckel, P.H., 1975, Field guide to Stanton Formation (Upper Pennsylvanian) in
southeastern Kansas: Kansas Geol. Society 31st Field Conf. Guidebk., p. 2-71.

Heckel, P.H., 1975a, Stratigraphy and depositional framework of the Stanton
Formation in southeastern Kansas: Kansas Geol. Survey Bull. 210, 45 p.

Heckel, P.H., 1977, Origin of phosphatic black shale facies in Pennsylvanian
cyclothems of Mid-Continent North America: AAPG Bull., v. 61, p. 1045-1068.

Heckel, P.H., 1978, Field guide to Upper Pennsylvanian cyclothemic limestone
facies in eastern Kansas: Kansas Geol. Survey Guidebook Ser. 2, p. 1-69,76-79.

Heckel, P.H. and Baesemann, J.F., 1975, Environmental interpretation of conodont
distribution in Upper Pennsylvanian (Missourian) megacyclothems in eastern
Kansas: AAPG Bull., v. 59, p. 486-509.



59

Heckel, P.H. and Cocke, J.M., 1969, Phylloid algal-mound complexes in outcrop-
ping Upper Pennsylvanian rocks of Mid-Continent: AAPG Bull., v. 53,
p. 1058-1074.

Heckel, P.H., and Swade, J.W., 1977, Two types of Midcontinent Pennsylvanian
black shales and their respective conodont faunas (abstract): Geol. Soc.
America Abstracts w. Prog., v. 9, p. 604.

Moore, R.C., 1936, Stratigraphic classification of the Pennsylvanian rocks of
Kansas: Kansas Geol. Survey Bull. 22, 256 p.

Moore, R.C., 1949, Divisions of the Pennsylvanian System in Kansas: Kansas
Geol. Survey Bull. 83, 203 p.

Moore, R.C., 1950, Late Paleozoic cyclic sedimentation in central United States:
18th Internat. Geol. Cong., 1948, Gt. Britain, Rept., pt. 4, p. 5-16.

Moore, R.C., and Merriam, D.F., 1959, Kansas Field Conference. . .1959: Assoc.
American State Geologists Ann. Mtg., Kansas Geol. Survey, Lawrence,
Kansas, 55 p.

Moore, R.C., and Merriam, D.F., 1965, Upper Pennsylvanian cyclothems in the
Kansas River Valley: Geol. Soc. America Ann. Mtg., Kansas City, Field
Conf. Guidebook, Kansas Geol. Survey, Lawrence, Kansas, 22 p.

Mossler, J.H., 1973, Carbonate facies of the Swope Limestone formation (Upper

Pennsylvanian), southeast Kansas: Kansas Geol. Survey Bull. 206, pt. 1,
p. 1-17.

Mudge, M.R., and Yochelson, E.L., 1962, Stratigraphy and paleontology of the
uppermost Pennsylvanian and lowermost Permian rocks in Kansas: U.S. Geol.
Survey Prof. Paper 323, 213 p.

Nelson, D.L., 1978, Petrology and paragenesis of the Spring Hill algal mound
(Plattsburg Formation, Upper Pennsylvanian) at Neodesha, Kansas: M.S.
thesis, Univ. Iowa.

Owen, D.E., 1959, Stratigraphy of bioherms and other deposits of the Upper
Pennsylvanian Bern Limestone in east-central Kansas: M.S. thesis, Univ.
Kansas, 185 p.

pabian, R.K., and Strimple, H.L., 1978, Suggested reevaluation of the South Bend
Limestone (Late Pennsylvanian - Missourian) of southeastern Nebraska and

southeastern Kansas based upon crinoids (abstract): Proc. Nebraska Acad.
Science 88th Ann. Mtg., p. 45.

Ravn, R.L., and Heckel, P.H., 1978, Algal sparite facies in Captain Creek
Limestone: Kansas Geol. Survey Guidebook Series 2, p. 70-75.

Ravn, R.L., and others, 1978, Early submarine cement as potential void-supporting
framework in Pennsylvanian algal mounds of Kansas (abstract): Geol. Soc.
America Abstracts w. Prog., v. 10, p. 476.

Reed, E.C., and Burchett, R.R., 1966, Stratigraphic sequences in the Pennsyl-
vanian of Nebraska and their relationships to cyclic sedimentation: Kansas
Geol. Survey Bull., 169, v. 2, p. 441-447.

Schenk, P.E., 1967, Facies and phases of the Altamont Limestone and megacyclo-
them (Pennsylvanian), Iowa to Oklahoma: Geol. Soc. America Bull., v. 78,
p. 1369-1384.




60

Senich, M.A., 1975, Relation of biotic assemblages to lithofacies in Stanton
Limestone (Upper Pennsylvanian), southeastern Kansas: M.S. thesis, Univ.
Iowa, 198 p.

Senich, M.A., 1978, Macrofossil distribution in the Stanton Formation (Upper
Pennsylvanian) in eastern Kansas: Ph.D. dissert., Univ. Iowa, 301 p.

Stobbe, W.J., 1971, Petrology and stratigraphy of the Dodds Creek Member, Gales-
burg Formation (Upper Pennsylvanian) of southeastern Kansas: M.S. thesis,
Wichita State Univ., 87 p.

Thompson, M.L., 1957, Northern Midcontinent Missourian fusulinids: Jour.
Paleontology, v. 31, p. 289-328.

Toomey, D.F., 1969, The biota of the Pennsylvanian (Virgilian) Leavenworth
Limestone, Midcontinent region, pt. 1, Stratigraphy, paleogeography, and
sediment facies relationships: Jour. Paleontology, v. 43, p.- 1001-1018.

Troell, A.R., 1965, Sedimentary facies of the Toronto Limestone, lower limestone
member of the Oread megacyclothem (Virgilian) of Kansas: Ph.D. dissert.,
Rice Univ., 184 p.

Troell, A.R., 1969, Depositional facies of Toronto Limestone Member (Oread
Limestone, Pennsylvanian), subsurface marker unit in Kansas: Kansas
Geol. Survey Bull. 197, 29 p.

Wanless, H.R., and others, 1970, Late Paleozoic deltas in the central and
eastern United States: SEPM Spec. Publ. 15, p. 215-245,

Weller, J.M., 1958, Cyclothems and larger sedimentary cycles of the Pennsyl-
vanian: Jour. Geology, v. 66, p. 195-207.

Wood, R.H., Jr., 1977, Conodont distribution in facies of the Stanton Formation
(Upper Pennsylvanian, Missourian) in southeastern Kansas: M.S. thesis,
Univ. Iowa, 121 p.

Wood, R.H., Jr., and Heckel, P.H., 1977, Significance of conodont distribution
in the Stanton cyclothem (Missourian, Upper Pennsylvanian) in eastern
Kansas (abstract): Geol. Soc. America Abstracts w. Prog., v. 9, pP.
667-668.

Zeller, D.E., ed., 1968, The stratigraphic succession in Kansas: Kansas Geol.
Survey Bull. 189, 81 p.



61

KANSAS COAL RESOURCES AND PRODUCTION
by Lawrence L. Brady

INTRODUCTION

Coal deposits in Kansas have been exploited for over one hundred years
with a total production of nearly 270 million metric tons (300 million short
tons). There were two major peaks in production during this time period cor-
responding to World War I and World War II (Fig. 1). The availability and use
of natural gas and petroleum in Kansas were the primary factors in the decline
of Kansas coal production. However, the more recent decline in availability of
natural gas and the greatly increased cost of petroleum for power generation
and industrial use are resulting in a resurgence in the use of coal. In the
United States the 625 million metric tons (689 million short tons) produced in
1977 was the largest amount produced in one year. For Kansas the 1978 coal
production was 1.3 million metric tons (1.4 million short tons), and the out-
look is for increased coal production over the next twenty years.

Carboniferous coal deposits of Kansas crop out in the eastern one - fourth
of the state. The large coal-bearing area in the central United States that
includes most of the Kansas coal is the Western Interior Basin (Fig. 2). Nearly
all of the coal in this major coal basin is of bituminous rank. Over 50 bitumi-
nous coal beds have been identified in Kansas, 17 of which have potential for
commercial production. Most of the coals have widespread distribution in Kansas
and all are considered to have been deposited in large swamp areas located close
to a mid-continent sea.

KANSAS COAL RESOURCES

The best estimate of coal resources in Kansas is nearly 20.6 billion metric
tons (22.7 billion tons) by Averitt (1975), and this figure represents less
than one percent of all U.S. coal resources which total slightly under four
trillion tons. This Kansas estimate is based primarily on earlier Kansas Geolo-
gical Survey studies by Abernathy, Jewett, and Schoewe (1947) and Schoewe (1958).

Kansas coal has two general characteristics that limit its development and

use:

(1) All the coal resources are believed to be medium- to high-sulfur coal,
containing more than one percent sulfur. Commonly, there is three to
five percent sulfur in most commercial Kansas coals.

(2) Most of the coal resources in Kansas are in thin beds, less than 0.7 m
(28 inches) thick. A few areas have coal that exceed this thickness,
especially where the Weir-Pittsburg coal bed is present, and in a few
places where the Mulberry coal is thick.

The thin nature of Kansas coal beds is also a major factor in development
of the .coal resources because of the mining costs of working a larger area
than would be required for a thicker coal bed. Of the Kansas coal resource,
less than 2.7 billion metric tons (3 billion short tons) is close enough to the
surface to be surface-mined regardless of bed thickness.

As the tonnage of coal obtained by deep mining decreased, the percentage
of coal produced by strip mining increased until 1964, when all Kansas coal
production was won by surface-mining methods. With the lower costs and increased
safety of surface mining and the presence primarily of thin coal beds in Kansas,
it is anticipated that future mining will continue to be by surface mining
methods. Therefore, because of the thin nature of Kansas coal beds and the
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strong emphasis on strip mining, most of the Kansas coal resource tonnage will
never be mined unless there are significant future developments in mining
technology or perhaps in underground gasification techniques, which can
utilize Kansas coal.

STRIPPABLE COAL RESERVE BASE

The strippable coal reserve base in Kansas is estimated by Brady et al.
(1976) to be 477 million metric tons (526 million short tons) for coals under
an overburden thickness of at most 30 times the thickness of the coal. An
areal limitation of 0.75 mile (1.2 km) from a known coal thickness was used
for the estimate. Besides the 477 million metric tons (526 million short
tons), there is an additional coal amount of nearly 725 million metric tons
(800 million short tons) located within a three-mile (5-km) radius from a
known data point and still having at most a 30:1 overburden/coal ratio.

Seventeen different coal beds occurring in five different rock groups in
Kansas have the potential for economical development by strip mining. Over
50 percent of the reserve base is represented by coals of the Cherokee Group
and an additional 20 percent by the Marmaton Group (Fig. 3 shows stratigraphic
distribution of the coal beds). Among the coal beds in Kansas having the
largest strippable coal reserves are the Mineral and Bevier coals of the Cherokee
Group, Mulberry coal of the Marmaton Group, and Nodaway coal of the Wabaunsee
Group. These four coals make up 64 percent of the strippable coal reserve base.
0f these four coals, only the Nodaway is not presently being mined in Kansas.
A generalized areal distribution of the various strippable coals is shown in
Fig. 4.

There are 23 counties in eastern Kansas that contain strippable coal, and
three of the counties (Cherokee, Crawford, and Linn) contain 66 percent of the
strippable reserve base. Future coal mining in Kansas will probably be con-
centrated in these three counties with significant mining also in Bourbon
County.

KANSAS COAL PRODUCTION

After having reached the low point in coal production of 469 thousand
metric tons (517 thousand short tons) in 1975, Kansas coal started a rapid
recovery that should result in a continued increase in coal production for a
number of years.

With continued interest, 1979 coal production should approach 1.4 million
metric tons (1.5 million short tons). Increased demand by the electric power
companies and cement manufacturing companies in Kansas and Missouri are the
important markets for Kansas coal.

When the Pittsburg and Midway Coal Mining Company starts mining its coal
properties in Linn County, at a time anticipated to be in 1980, Kansas coal
production should show a marked jump in production of nearly 0.9 million metric
tons (1 million short tons). By 1985 Kansas coal production could be near 2.7
to 3.6 million metric tons (3 to 4 million short tons) of annual production.

At the present time, there are 12 coal mines in constant or periodic
operation in Kansas (Fig. 5). The larger of these mines include Clemens Coal
Company's Mine #22 (Stop 10 in preceding field guide) and Mine #25 in Crawford
County, and Bill's Coal Company's Fort Scott Mine and Fulton Mine, both in
Bourbon County, and Fuel Dynamic's Golden Eagle Mine in Crawford County.
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Quality of the different coal beds is quite variable, but the commer-
cial coal beds generally show the following ranges:

Moisture 3-6 percent
Ash 11-20 percent
Sul fur 3-6 percent
Heat content--as received (Kilojoule/kg) (23,200-29,500)
BTU/1b 10,000-12,700
Heat content--ash § moisture free (kJ/kg) (33,000-35,100)
BTU/1b 14,200-15,100

The coals of higher quality (low ash and low sulfur content) are utilized
directly from the mine following crushing and screening, while the poorer
quality coals first are washed for ash and sulfur removal.
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HEAVY -OIL-BEARING SANDSTONES OF THE CHEROKEE GROUP
IN SOUTHEASTERN KANSAS
by W. J. Ebanks, Jr.

ABSTRACT

Sandstones of the Krebs Formation, the lower half of the Cherokee Group
in southeastern Kansas, contain scattered deposits of heavy crude oil. The
discontinuous nature of these oil-bearing sands has recently led to reductions
in the estimate of amount of o0il resources that is present. Drilling has
shown that the previously defined stratigraphy of these rocks (which is based
on incomplete surface exposures) had lumped four or more sandstone intervals
into only two named units in the lower Cherokee. These sandstones are parts
of alluvial-deltaic systems and are associated with shales, coals, and thin
limestones in cyclic sequences that are similar to other clastic-dominated
cyclothems of the Midcontinent. Crude oils in these rocks have been altered
to heavy-oils by contact with fresh water and by bacterial biodegradation
during shallow burial.

INTRODUCTION

Lenticular sandstones of the lower Cherokee Group at the surface, and in
the shallow subsurface of southeastern Kansas and contiguous areas of Missouri
and Oklahoma, are economically important because they contain deposits of heavy-
0il, or "tar," which may be a potential resource of fuel for the future. These
deposits have not been developed, because of uncertainties concerning the
size of the resource and the nature of the reservoir rock, and the effect that
these uncertainties have on the economics of recovery. Earlier estimates of
size of the heavy-oil resource have been reduced by recent studies, because of
a reduction in estimates of the volume of reservoir rocks in the subsurface.
Instead of being widespread, uniformly thick, even-textured sandstones, as had
been assumed earlier, the lower Cherokee Group sands have proven to be lenti-
cular, discontinuous, and inhomogeneous. Sedimentologic interpretation has
been important in the improved understanding of these sandstones.

An area comprising Bourbon, Crawford, and Cherokee Counties, Kansas, was
the scene of a recent program of stratigraphic drilling and surface-outcrop
study (Ebanks et al., 1977). The new information, coupled with older control,
provides an interpretation of the distribution of sandstone in the lower
Cherokee, which is still being tested.

GEOLOGIC SETTING

In general, the Cherokee Group dips slightly north of westward at the rate
of 4-6 meters per kilometer (20-30 ft./mi) (Fig. 1). The trend of outcrop in
Crawford and Cherokee Counties affords the opportunity of seeing exposures of
sandstones and related sediments (Stop 9 in preceding field guide), which are

equivalent stratigraphically to subsurface coals and oil-bearing rocks farther
west.

The Cherokee lies unconformably on the irregular surface of Middle or
Upper Mississippian carbonates, the top of which also dips westward. Overlying
the Cherokee is the Marmaton Group of limestone and shale formations (Fig. 2).
The Cherokee Basin of the tri-state area is a shallow, northward extension of
the Arkoma Basin of northern Oklahoma. The Cherokee Group thickens southward
and is underlain by older Pennsylvanian Atokan and Morrowan formations south
of the Kansas-Oklahoma line.
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Fig. 1.-- Cross-section of southeastern Kansas showing structural atti-

tude of Middle Pennsylvanian Cherokee (dash and dot patterns) and Marma-

ton (brick

pattern) Groups.

PENNSYLVANIAN

MIDDLE
CHEROKEE GROUP

MARMATON GROUP

Shallow Marine

Limestones

Shales

Coastal Complex

Sandstones
Shales

Coals

Sandstone
[[D] Limestone
D Shale
E Coal

Vertical exaggeration approximately 100:1.
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tion constitutes upper one-half.
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Cherokee beds have probably never been buried by more than 1070 m (3500
ft.) of younger Pennsylvanian, Permian and Cretaceous rocks, which were eroded
away during the Cenozoic. West of the area described here, there is as much
as 600 m (2000 ft.) of rock section presently above the Cherokee. Gravity of
0ils in Cherokee sandstones generally increases with depth of burial westward,
but in the eastern part of the Cherokee Basin, medium- and low-gravity oils
occur in a seemingly random pattern with respect to depth (Ebanks and James,
1974) . The shallowest occurrences of oil-impregnated rock, in western Missouri,
are mined at the surface as tar sands.

STRATIGRAPHY

Rocks of the Cherokee Group were the earliest of the Pennsylvanian and
Permian cyclic sequences deposited in the Midcontinent area (Moore, 1950;
Howe, 1956). Cherokee sediments are mainly terrigenous clastic sandstones and
shales, interbedded with thin coal deposits and underclays and a few thin lime-
stone beds. Later cyclic sequences, such as the Upper Desmoinesian Marmaton
Group (Fig. 2), include far more limestone and very little coal, supporting the
concept of increasingly widespread marine invasion of this area throughout
middle and later Pennsylvanian time, with variation in environmental conditions
as the interplay of sea level, sediment supply, and basin subsidence changed.

In this setting, the Cherokee Basin has been depicted as the site of
shifting and prograding alluvial and deltaic plains, estuaries, tidal delta
complexes, beaches, and shallow marine shelf environments (Bass, 1936; Baker,
1962; Hayes, 1963; Visher et al., 1971; Ebanks et al., 1977). Individual sand
bodies in the Cherokee section have been described variously as ancient near-
shore bars (Dillard et al., 1941), barrier islands (Bass, 1936), tidal flat
and channel deposits (Hayes, 1963), and alluvial valley-fill sediments (Rich,
1923; Charles, 1941; McQuillan, 1968). Probably each of these interpretations
is correct in some area.

The predominant mode of deposition of heavy-oil-bearing sandstones in the
area discussed here is the repeated extension of alluvial-deltaic complexes from
the east, westward into Kansas and, ultimately, southward into Oklahoma. Each
extension resulted in lobes or belts of sandy deposits prograding into or over
both marine and nonmarine environments in which mostly muddy or silty sediment
had been deposited or where peat swamps had formed. The sands deposited in this
manner are highly lenticular and discontinuous, not blanket-like and continuous.
This distinction is of great importance in formulating estimates of potential
0il reservoir rock and, thereby, of oil resource in the area.

Heckel (1978, p. 18-19) has noted the similarity of the basic cyclic
sequence established by Moore (1949, 1950) in the Cherokee of Kansas to the
classical cyclothems of Illinois. This similarity along with the occurrence
of Cherokee cycles just below younger Pennsylvanian cyclic sequences led Heckel
(ibid.) to interpret certain Cherokee cycles as shoreward, clastic-dominated
equivalents of the typical, more marine, limestone-dominated cycles of the
Marmaton and younger groups. This interpretation is consistent with field re-
lationships and with subsurface geologic data (Visher et al., 1971; Ebanks
et al., 1977; J.S. Wells, in prep.), but control over deposition of many Chero-
kee cyclothems may be due more to normal nearshore sedimentary processes than
to eustatic changes in sea level (see introductory discussion in preceding
field guide).
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The lower half of the Cherokee section in Kansas, the Krebs Formation,
includes a larger proportion of sandstone beds than does the upper half, the
Cabaniss Formation, in most areas of surface exposure. Conversely, coals in
the Cabaniss are more numerous, thicker, and more persistent than those in
the Krebs.

Traditional stratigraphic nomenclature of Kansas, Missouri, and Oklahoma
has not recognized the non-continuous nature of many of the sandstones in the
Cherokee Basin area; rather, these classifications of formations have fostered
the widespread use of the same name for sandstones in approximately the same
stratigraphic position in widely separated areas. Subsurface logging data from
33 recently drilled stratigraphic test holes have indicated that, instead of
two predominantly sandstone beds in the Krebs of southeastern Kansas, there are
at least four well developed sandstones. These discontinuous, sandy intervals
are readily correlated throughout the whole area by recognition of persistent
limestones, coals, and radioactive black shale stratigraphic markers.

Depicted here (Figs. 3 and 4) are the distributions of the two upper sand-
stones, the upper and lower Bluejacket sandstones (informal names), which are
described in outcrop at Stop 9 in the preceding field guide. Lower in the
section are the upper and lower Warner sandstones (Ebanks et al., 1977), which
are of similar discontinuous nature.

Areas of deposition of the lower Bluejacket sandstone are mostly near the
Kansas-Missouri border (Fig. 3). This sandstone is widespread in western Mis-
souri (J.S. Wells, in prep.). In Kansas, the lower Bluejacket is confined to
narrow areas of elongate shape or to discontinuous, lobate areas of thicker
sandstone. It occurs only in a few scattered outcrop localities in south-
eastern Kansas, and it is almost completely absent in Cherokee County,
adjacent to Oklahoma.

The youngest of the heavy-oil-bearing units is the upper Bluejacket sand-
stone. In Kansas, its thickness is almost always less than 4.5 m (15 ft.)
(Fig. 4). 1In contrast to the lower Bluejacket, this unit is very thin and
difficult to recognize in the Kansas-Missouri border area, but it thickens
noticeably southward toward Oklahoma where it is much more widespread.

SEDIMENTOLOGY

These patterns of distribution strongly suggest that these sandstones
were deposited in river- and delta-related continental environments. Sedimen-
tary structures in individual sandstones support this interpretation. Commonly,
in areas of thickest sandstone, the rock near the base consists of massive,
or low-angle cross-bedded, fine-grained sandstone with clasts of sideritic
mudstone, fossilized wood, and fine, sometimes distorted, laminae of carbona-
ceous matter. Overlying this lower zone in some cases is an interval of ripple
cross-bedded sandstone, which is, in turn, overlain by a trough cross-bedded
unit, This trough cross-bedded sandstone, which is fine or medium grained, is
usually the best sorted and most permeable sand in the vertical sequence. Next
higher is another ripple cross-bedded or horizontal-laminated very fine or
fine micaceous sandstone with thin shaly laminae. Fossil plant remains and
shredded carbonaceous matter are disseminated throughout the micaceous sandstone.
The uppermost beds are thinly interbedded sand and shale, usually with biotur-
bation. In areas where the sandstone is less than 2 m (6.6 ft) thick, the
whole sandstone consists of wavy, ripple cross-bedded, very fine or fine sand-
stone, which is gradational to silty shale above and below.
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This sequence of structures suggests a transition from slower, lower-
energy, sand-depositing currents through a time of more rapid currents, and
returning to more quiet-water conditions. The sandstones may represent del-
taic distributary-mouth bar deposits, which are cut into by their own pro-
grading alluvial channel-fill deposits, or, alternatively, crevasse-splay
sands through which channels were cut and later abandoned.

These events suggest that shallow-water deltaic complexes extended
rapidly and repeatedly during deposition of the Krebs Formation from western
Missouri westward and southward into Kansas and Oklahoma. Silty, ferruginous
shales, underclays, and coals above or below the sandstones are delta-plain
sediments. Dark gray sideritic shales underlying the sandstones in some cases
probably were deposited in inter-distributary bay and delta-front environments.
Occasional thin limestones and calcareous shales or siltstones were deposited
on the floor of the shallow marine environment in front of the delta at some
distance from the encroaching terrigenous sediment.

GEOCHEMISTRY OF HEAVY-OILS

Crude oils in Cherokee sandstones have gravities in the range of less
than 10° API in some surface samples to about 40° API at depths of 420 m
(1400 ft.) farther west. The lower gravity oils have viscosities of several
hundred to more than ten thousand cp (0.4-13.5 Pas) and contain about twice
as much sulfur as lighter oils, although this amounts to less than 1% by weight.

The facts that both heavy- and medium-gravity oils occur in some of the
shallower oil fields, and that the heavier oils are heavy because of loss of
light components and normal paraffins, suggest that these oils have been
altered by water-washing and bacterial biodegradation, as opposed to their
being simply less mature oils (Ebanks and James, 1974). The source of oil in
these deposits is probably the enclosing shales, because of lack of avenues
for long-distance migration to present traps. Similarly, the degree of altera-
tion of various oils may have depended on the access of surface waters to them,
through rather sinuous subsurface sandstone aquifers.

SUMMARY

Estimates of the resource of heavy-oil in Cherokee sandstones in south-
eastern Kansas have been reduced recently because of reappraisal of the amount
of suitable reservoir sandstone present in the shallow subsurface. Sedimen-
tologic analysis has been important in this reappraisal.

Cherokee sandstones are just one element of the cyclic sequences in this
mainly terrigenous clastic group of rocks. The sandstones and associated shales
and coals in the lower half of the Cherokee Group are products of deltaic
deposition, with the deltas having extended repeatedly and rapidly into a
shallow marine environment from the east and northeast. The sandstones deposited
by these deltas are fairly thin, discontinuous, and inhomogeneous. Patterns
of sandstone distribution in the subsurface, sediment textures and structures,
and associated rocks support this interpretation.

Crude oils in the Cherokee have quite variable physical and chemical
properties. The type of alteration they have undergone indicates that the
heavy-oils are a result of water-washing and biodegradation of more normal
crude oils.
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PALEOECOLOGY, PROVINCIALISM, AND SUBSTITUTION
AMONG LATE PENNSYLVANIAN CRINOIDS
OF THE MIDCONTINENT UNITED STATES
by Roger K. Pabian

INTRODUCTION

Most studies of late Pennsylvanian crinoids have been taxonomic, and impor-
tant work has been done in North America and abroad by such workers as Shumard,
Geinitz, Meek, Meek and Worthen, Trautschold, Miller and Gurley, Bather, Tien,
Moore, Moore and Plummer, Strimple, Burke, Lane, Lane and Webster, and Pabian
and Strimple, in approximate chronological order. These works alone would make
a massive bibliography (e.g., see Pabian and Strimple, 1979), and from them as
well as from the contributions of numerous other researchers, a sound taxonomic
base has been developed, on which reasonable paleoecologic, phyletic, and bio-
stratigraphic interpretations of crinoid distributions can be made.

In addition to sound crinoid taxonomy, we are developing a solid strati-
graphic and sedimentologic framework into which the crinoid data can be incor-
porated in order to provide a more complete understanding of late Pennsylvanian
paleoecology. Especially important are cyclic sedimentation models in the Mid-
continent, first proposed by R.C. Moore, and interpreted by subsequent workers,
such as Heckel and Baesemann (1975), Heckel (1977), Merrill and Von Bitter (1976),
Stout (1978), and numerous M.S. theses and Ph.D. dissertations at various univer-
sities in Texas, Kansas, Iowa, Nebraska, Missouri and Wisconsin.

PALEOECOLOGY

Pabian and Strimple (1970) described two distinct types of crinoid assem-
blages from southwestern Iowa and southeastern Nebraska and called these simply
Types I and II. Type I assemblages contain large, ornate species, which were
interpreted as warm-water forms; Type II assemblages contain small, inornate
species, which were interpreted as cold-water forms. Temperature variation,
possibly from nearby glaciation, was proposed to explain the two distinct
assemblages. This observation lay dormant for several years, until Heckel and
Baesemann (1975) published their interpretation of the Kansas cyclothem as re-
sulting from a single major transgression and regression of the sea. Subsequent
collections of crinoids show that the cold-water assemblages come from offshore
deposits in the cyclothem, that is, "core" shales and adjacent parts of the
limestone members, whereas the warm-water assemblages come from 'outside" shales
and upper parts of ''upper'" limestones, which are nearshore deposits (see Fig. 4
in preceding field guide).

Recently, Pabian and Strimple (1979, p. 425, table 1) suggest that the
cooler temperatures indicated for assemblages of small inornate crinoids from
offshore deposits of the Plattsburg, Wann, and Stanton Formations relate to
greater water depths rather than to nearby icecaps. That is, the cold-water
crinoids established themselves during maximum transgression, when water depth
was great enough for the sea bottom to be below the thermocline at the base of
the warm surface-water layer. Pabian and Strimple, in an unpublished study, have
described the large ornate crinoids of the Stull Shale (part of the Kanwaka, an
"outside' shale), and related this Type I assemblage to the warm temperatures of
the shallow, nearshore environment interpreted for outside shales. In-both
cases, the associated invertebrate faunas show similar characteristics to the
crinoid faunas: the cold-water crinoids are accompanied by small, thin-shelled
invertebrates, and warm-water crinoids are accompanied by large, ornate forms.
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Our collections include cold-water crinoid assemblages from the basal
Argentine Limestone (Wyandotte cyclothem on Fig. 2 in preceding field guide),
Hickory Creek Shale (Plattsburg cyclothem), Captain Creek Limestone and Kiewitz
shale bed of the Stoner Limestone (Stanton), the basal South Bend Limestone
(upper Stanton Formation, in Nebraska), basal Cass Limestone (Douglas Group in
Nebraska), Leavenworth Limestone (Oread), Rock Bluff Limestone and basal Ervine
Creek Limestone (Deer Creek). All of these parts of these units were deposited
at or near maximum transgression.

Warm-water faunas are known from the middle Winterset Limestone (Dennis),
middle Westerville Limestone (Cherryvale Formation), Spring Hill Limestone
(Plattsburg), upper South Bend Limestone (in Nebraska), upper Cass Limestone
(in Nebraska), upper Beil Limestone (Lecompton), upper Ervine Creek Limestone
(Deer Creek), and upper Coal Creek Limestone (Topeka). All these are "upper"
of regressive limestones, deposited in shallowing and warming water.

Outside (nearshore) shales containing warm-water crinoid assemblages in-
clude the Lane, Bonner Springs, and Stull (Kanwaka). Other outside shales have
not been collected in detail.

It is interesting to point out that abundance and diversity of crinoids
nearly parallels the abundance and diversity of conodonts shown by Heckel and
Baesemann (1975, fig. 4).

Pabian and Strimple (1979) have also pointed out that, although generic
and familial diversity of crinoids remained constant throughout the Missourian,
abundance of total crinoids increased dramatically with deposition of the
Argentine Limestone (Wyandotte cyclothem). This same observation appears to
hold in Oklahoma where Missourian crinoids are scarce up through the Avant Lime-
stone (= upper Iola) and suddenly flourish with deposition of the lower part
of the Wann Shale, which is considered to be time equivalent to the Argentine
(upper Wyandotte).

PROVINCIALISM

Large collections of offshore (Type II) assemblages have revealed some
important geographic distribution patterns among late Missourian crinoids in
Oklahoma, Kansas, Iowa, Nebraska, Illinois, and the Appalachian region. Dis-
tribution of crinoid genera is shown in Table 1. Pabian and Strimple (1977)
suggested several crinoid provinces based on faunas from the Wann Shale (= Lane
through Stanton Formations) in Oklahoma, the Captain Creek and Stoner Lime-
stones (Stanton) in Kansas, the basal Stoner in Nebraska, and the LaSalle
Limestone in Illinois (exact correlation uncertain). Collections at the Cleve-
land Museum of Natural History also provided useful data.

The generic distribution of crinoids reveals that in northeastern Oklahoma
and southeastern Kansas there is an Erisocrinus-Delocrinus-Stenopecrinus pro-
vince with a large contribution of Plaxocrinus, Lecythiocrinus, and various
flexibles, especially Cibolocrinus. Southeastern Nebraska and southwestern Iowa
contain an Erisocrinus-Delocrinus province with good abundance of Plaxocrinus
and Graffhamicrinus but a negligible contribution of Stenopecrinus, Stellaro-
crinus and flexibles. It is notable that the northeastern Oklahoma-southeastern
Kansas province is centered around the terriginous-detrital facies belt of
Heckel (1977, p. 1050), and that the southeastern Nebraska-southwestern Iowa
province appears confined to Heckel's northern shoreward facies belt (see Fig. 1
in preceding field guide).
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Table 1. Distribution of principal crinoid genera from selected localities in
Missourian strata of Midcontinent North America (abbreviated from data presented
by Pabian and Strimple, 1977). Samples 1-3, 5 are washed residues from approx-
imately equivalent samples weighing about 200 kg; not all genera collected at
other times from these localities were present in the washed samples.

Wann Shale, Bartlesville, Oklahoma
Wann Shale, Ochelata, Oklahoma
Upper Captain Creek Limestone, Wayside, Kansas

1

2

3

4, Basal Stoner Limestone, Buffalo, Kansas (Stop 5B)

5. Kiewitz shale bed, basal Stoner Ls.,Louisville, Nebraska (Stops 20, 21)
6

LaSalle Limestone, Pontiac, Illinois (collected by H.L. Strimple)

Locality with Number of Individuals

GENUS 1. 2 33 4. Bie 6.
Anobasicrinus S - — - R 47
Apographiocrinus 112 202 583 29 248 839
Brabeocrinus B s . - 1 309
Cibolocrinus (f) 38 78 121 3 6 ---
Clathrocrinus S e — - E 374
Contocrinus 20 332 5 1 6 120
Delocrinus 378 16 47 35 289 17
Endelocrinus s EE i - 41 65
Erisocrinus 187 15 63 86 121 420
Euonychocrinus (f) 5 B 15 o 2 83
Exocrinus 6 --- --- 7 21 167
Graffhamicrinus 13 S R — 79 ——
Halogetocrinus === —— e S — 42
Isoallagecrinus 47 - 12 2 36 67
Lecythiocrinus -— -——- 13 29 - —
Moundocrinus - e — _— = 36
Oklahomacrinus i S — 1 1 19
Paramphicrinus (f) 18 e 20 — 3 10
Parulocrinus == s i S 6 141
Plaxocrinus 48 --- --- 15 60 -—-
Plummericrinus _— - S N — 105
Polusocrinus o - — —_— 4 79
Schistocrinus . — —— 15 N ——
Stellarocrinus 6 —_— === 1 4 799
Stenopecrinus 133 == 3 9 9 44

(f) = flexible crinoid
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The Illinois basin appears to have an Erisocrinus-Parulocrinus-Stellaro-
crinus province with strong contributions from Clathrocrinus, Brabeocrinus,
Exocrinus, Plummericrinus, and the flexible, Euonychocrinus. Delocrinus, which
is so important in the other faunas, is rare in Illinois, and Cibolocrinus is
absent.

Apographiocrinus and Isoallagecrinus are common to all of the above pro-
vinces. Lecythiocrinus, on the other hand, appears to be quite provincial,
as it is found only in a few square miles in Oklahoma and Kansas during Mis-
sourian time. So do Plummericrinus, Clathrocrinus, Anobasicrinus and Haloge-
tocrinus, which seem restricted to Illinois.

The crinoid fauna from the Ames Limestone of West Virginia, Ohio, and
Pennsylvania is similar to that of the basal Stoner Limestone of Nek .ska. The
omnipresent Apographiocrinus of the other areas, however, is apparcatly absent
in the Appalachians.

In Nebraska, the greatest mixing of crinoid faunas took place during
deposition of the basal Stoner Limestone. Some of the Illinois forms are found
in this unit as well as a number of the Oklahoma-Kansas genera. The flexible,
Cibolocrinus, makes its only appearance in Nebraska then, and Pabian and Strimple
(1979, p. 425) suggested that this mixed occurrence may be due to long duration
of the Stanton transgression.

EVOLUTIONARY OR ECOLOGICAL SUBSTITUTION

Recent observations of offshore, cold-water crinoid assemblages show that
the younger contain a somewhat different array of crinoids from the older. For
example, Delocrinus, Erisocrinus and Perimestocrinus are common genera in late
Missourian offshore crinoid faunas such as that in the Kiewitz shale bed of the
Stoner Limestone (Stanton cyclothem, Stops 20, 21) in Nebraska; cymbiocrinids
and ampelocrinids, as well as the flexibles, are rare in the same unit. In the
environmentally equivalent Virgilian Burroak shale bed of the basal Ervine
Creek Limestone (Deer Creek cyclothem, Stop 22), Delocrinus and Erisocrinus are
few and Perimestocrinus is absent (though not extinct, as it is known from other
Virgilian upper limestones). A large number of cymbiocrinids and ampelocrinids
(all undescribed) are abundant in the Burroak and may be filling niches vacated
by Delocrinus, Erisocrinus, Perimestocrinus and others. The pachylocrinid,
Galateacrinus is common in the basal Ervine Creek and the flexible, Paramphi -
crinus, which was very rare in the Missourian, is abundant.

At this time there is not sufficient data to determine whether new species
evolved and took over preoccupied or vacant niches or whether the ecological
barriers that caused strong provincialism in the Missourian became inactive.

We cannot yet say whether Paramphicrinus, for example, evolved additional new
species that were capable of surviving in the Nebraska-Iowa province or whether
the ecological barriers that once confined Paramphicrinus to the Oklahoma-Kansas
and Illinois provinces were finally broken in the Virgilian. On-going and
future investigations hopefully will shed more light on these intriguing
questions.
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GUIDEBOOKS OF FIELD TRIPS
NINTH INTERNATIONAL CONGRESS OF CARBONIFEROUS STRATIGRAPHY
AND GEOLOGY

Field
Trip No.

1. PROPOSED PENNSYLVANIAN SYSTEM STRATOTYPE, VIRGINIA AND WEST VIRGINIA, Kenneth
J. Englund, Harold H. Arndt, and Thomas W. Henry, Editors. Available from the American Geological
Institute,* 4220 King Street, Alexandria, Va. 22302.

2. GEOLOGY OF THE NORTHERN APPALACHIAN COAL FIELDS, Jack Donahue and Harold B.
Rollins, Editors. Available from the Pittsburgh Geological Society, Box 3432, Pittsburgh, Pa. 15230,
and the American Geological Institute.*

@

Cancelled; no guidebook.

4. CARBONIFEROUS GEOLOGY FROM THE APPALACHIAN BASIN TO THE ILLINOIS BASIN
THROUGH EASTERN OHIO AND KENTUCKY, Frank R. Ettensohn and Garland R. Dever, Jr.,
Editors. Available from the Kentucky Geological Survey, Breckinridge Hall, University of Kentucky,
Lexington, Ky. 40506, and the American Geological Institute. *

5. CARBONIFEROUS BASINS OF SOUTHEASTERN NEW ENGLAND, Barry Cameron, Editor. Avail-
able from the American Geological Institute.*

6. CARBONIFEROUS DEPOSITIONAL ENVIRONMENTS IN THE APPALACHIAN REGION, J. C.
Horne, J. C. Ferm, and R. C. Milici, Editors. Available from the Department of Geology, University of
South Carolina, Columbia, S.C. 29208.

7. DEVONIAN-MISSISSIPPIAN BOUNDARY IN SOUTHERN INDIANA AND NORTHWESTERN KEN-
TUCKY, James E. Conkin and Barbara M. Conkin, Editors. Available from the University of Louisville
Campus Store, Louisville, Ky. 40208, and the American Geological Institute.*

8. STRATIGRAPHY OF THE MISSISSIPPIAN STRATOTYPE—UPPER MISSISSIPPI VALLEY, U.S.A.,
by Charles Collinson, Rodney D. Norby, Thomas L. Thompson, and James W. Baxter. Available from
the lllinois State Geological Survey, Urbana, Ill. 61801.

9. DEPOSITIONAL AND STRUCTURAL HISTORY OF THE PENNSYLVANIAN SYSTEM OF THE
ILLINOIS BASIN, James E. Palmer and Russell R. Dutcher, Editors. Available from the lllinois State
Geological Survey, Urbana, lIl. 61801.

10. PENNSYLVANIAN CYCLIC PLATFORM DEPOSITS OF KANSAS AND NEBRASKA, Philip H. Heckel,
Editor. Available from the Kansas Geological Survey, Guidebook Series 4, 1930 Constant Avenue —
West Campus, Lawrence, Kan. 66046, and the American Geological Institute. *

11, MISSISSIPPIAN-PENNSYLVANIAN SHELF-TO-BASIN TRANSITION, OZARK AND OUACHITA RE-
GIONS, OKLAHOMA AND ARKANSAS, Patrick K. Sutherland and Walter L. Manger, Editors.
Available from the Oklahoma Geological Survey, Guidebook 19, University of Oklahoma, Norman,
Okla. 73019, and the American Geological Institute.*

12.  No guidebook.

13. CARBONIFEROUS STRATIGRAPHY IN THE GRAND CANYON COUNTRY, NORTHERN ARIZONA
AND SOUTHERN NEVADA, Stanley S. Beus and Richard R. Rawson, Editors. Available from the
American Geological Institute,* 4220 King Street, Alexandria, Va. 22302.

14. Cancelled; no guidebook.

15. CARBONIFEROUS OF THE NORTHERN ROCKY MOUNTAINS, J. Thomas Dutro, Jr., Editor.
Available from the American Geological Institute,* 4220 King Street, Alexandria, Va. 22302.

" Write the American Geological Institute, 4220 King Street, Alexandria, Virginia 22302, for information on a set of the
nine* guidebooks above.
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