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PREFACE

This professional paper is the fifth in a series of paleotectonic studies each
covering a geologic system in the conterminous United States. Part I provides a
region-by-region discussion of data concerning the Mississippian System and
an explanation and documentation for the maps and sections contained in part
IIL. Part II of the paper provides a summary of the Mississippian System, pres-
ents interregional interpretations permitted by this study, and includes sec-
tions on notable features of the system. The maps contained in the separate
case as part IIl may be divided into two groups: (1) a sequence of factual or basic
maps that shows, with a minimum of interpretation, the Mississippian System
as it occurs today, and (2) interpretive maps that attempt a reasonable
reconstruction of the original extent of the system, its tectonics, environment,
and geography.

This study of the Mississippian System was made by 23 geologists who were
responsible either jointly or individually for the 19 regions into which the
United States was divided. These authors are:

Augustus K. Armstrong Edwin D. Goebel? Albert E. Roberts
George O. Bachman Ross B. Johnson Edward G. Sable
Marvin P. Carlson! Louise Jordan? Robert W. Schnabel
M. Devereux Carter William W. Mallory Richard P. Sheldon
George V. Cohee William J. Mapel Betty A. Skipp
Wallace de Witt, Jr. Laura!W. McGrew Gary F. Stewart?
Sherwood E. Frezon Edwin D. McKee Katharine L. Varnes
Ernest E. Glick Robert G. Yates

The text and maps were compiled, edited, and assembled by L. C. Craig, C. W.
Connor, and K. L. Varnes. Chapters dealing with special features of the
Mississippian System were prepared by invited geologists or were coordinated
from contributions provided by many of the authors in the above list.

The preceding paleotectonic studies of the geologic system of the conter-
minous United States are —

Jurassic System
McKee, E. D., and others, 1956, Paleotectonic maps of the Jurassic
System: U.S. Geol. Survey Misc. Geol. Inv. Map 1-175, 6 p., 9 pls.
Triassic System
McKee, E. D., and others, 1959, Paleotectonic maps of the Triassic
System: U.S. Geol. Survey Misc. Geol. Inv. Map I-300, 33 p., 9 pls.
Permian System
McKee, E.D., Oriel, S. S, and others, 1967, Paleotectonic investigations
of the Permian System in the United States: U.S. Geol. Survey
Prof. Paper 515, 271 p., 6 pls.
McKee, E. D, Oriel, S. S., and others, 1967, Paleotectonic maps of the
Permian System: U.S. Geol. Survey Misc. Geol. Inv. Map 1450,
164 p., 20 pls.
Pennsylvanian System
McKee, E. D., Crosby, E. J., and others, 1975, Paleotectonic investiga-
tions of the Pennsylvanian System in the United States: U.S. Geol.
Survey Prof. Paper 853, 541 p., 39 pls [1976].

1 Nebraska Geological Survey.
2 Kansas Geological Survey.
3 Oklahoma Geological Survey.
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Introduction, Acknowledgments,
and Methods

By LAWRENCE C. CRAIG

PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM IN
THE UNITED STATES, PART I. INTRODUCTION AND REGIONAL ANALYSES
OF THE MISSISSIPPIAN SYSTEM
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PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM IN THE UNITED STATES,
PART I: INTRODUCTION AND REGIONAL ANALYSES OF THE MISSISSIPPIAN SYSTEM

INTRODUCTION, ACKNOWLEDGMENTS, AND METHODS

By LAWRENCE C. CrAIG

INTRODUCTION

Paleotectonic map compilation was begun by the U.S.
Geological Survey in 1952, and a project to compile the
Mississippian System was initiated in late 1961. The ob-
jective of the program is to prepare publications that
document rock thicknesses, generalized lithology, and
other regional rock relations for each of the geologic
systems on a nationwide basis and to interpret these
data in terms of tectonic, environmental, and
geographic evolution. The first publications emphasized
the data record and included a minimum of interpreta-
tion; later publications included more interpretative
maps, and in this report the authors of each region have
been encouraged to discuss their interpretations in the
text as well as to show the interpretations on maps. It is
hoped that the factual and interpretive materials
together will provide a summary for the reader, as well
as a basis for modifications and new concepts as addi-
tional data become available.

ACKNOWLEDGMENTS

A compilation of this magnitude must rely on many
sources and on the support of many individual
geologists. Authors have been dependent on the
cooperation of State geological surveys and of univer-
sity and oil company geologists. In particular, we
acknowledge the cooperation of E. C. Reed and V. H.
Dreeszen, State Geologists of Nebraska, F. C. Foley and
W. W. Hambleton, State Geologists of Kansas, and C. C.
Branson and C. J. Mankin, State Geologists of
Oklahoma for the author contributions made by mem-
bers of their statfs: M. P. Carlson of the Nebraska
Geological Survey, E. D. Goebel and G. F. Stewart of the
Kansas Geological Survey, and Louise Jordan of the
Oklahoma Geological Survey. Through the services of
the Government Liaison Committee of the American
Petroleum Institute, some critical data were obtained
that assisted the construction of the maps; these ser-
vices are gratefully acknowledged.

Special acknowledgment must be extended for assis-
tance provided during the preparation of the fron-
tispiece. Dr. Michael E. Williams, The Cleveland
Museum of Natural History, provided original data and
guidance for the restoration of the shark, Symmorium.
Many of the smaller invertebrates were added to the
photograph of the Smithsonian diorama based on the
published assemblage study by N. Gary Lane (1973).
Members of the Paleontology and Stratigraphy Branch,
U.S. Geological Survey, were helpful in providing sug-
gestions and guidance during the preparation of the

frontispiece.

Acknowledgement is made to the following
geologists for their special contributions of geologic
data or advice in the course of the compilation of this

publication:
U.S. Geological Survey Michigan Geological Survey
W. L. Adkison G.D.Ells
H. H. Arndt Harry Hardenburg
K. G. Bell R. E. Ives
Michael Churkin, Jr. R. W. Kelley
R. R. Coats W. E. Montek
M. D. Crittenden, Jr. H. O. Sorensen
W. H. Hays Indiana Department of
R. K. Hose Conservation
P. E. Hotz H. H. Gray
R. C. Kepferle Tennessee Division of
J. F. Kleinhampl Conservation
R. Q. Lewis, Sr. W.D. Hardeman
J. C. Maher E.S. Luther
George Moore Department of Internal Affairs
H. T. Morris of Pennsylvania, Bureau of
F. G. Poole Topgraphy and Geological
C. A. Sandberg Survey
J. H. Stewart D. M. Hoskins
R. D. Trace R. W. Wagner
G. W. Weir Indiana State Geological Survey
Illinois State Geological Survey Stanley Keller
Elwood Atherton R. H. Shaver

C. W. Collinson
J. A. Lineback
D. H. Swann
Michigan Geological Survey
B. L. Champion
G. E. Eddy

A_F.Schneider
Missouri Division of Geological
Survey and Water Resources
J. W. Koenig
Iowa Geological Survey
M. C. Parker
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Oklahoma Geological Survey Indiana University,
T.L.Rowland Department of Geology
Kentucky Geological Survey P.E. Potter
Bl Smith. . University of Missouri,
Kentucky Division of Oil and Department of Geology
e Dietmar Schumacher
F.H, Walker University of Missouri, School of
University of Michigan, Misses snd Metalluegy
Department of Geology and A.C.Spreng
Mineralogy Vanderbilt University
L1 Briggs R.G. Stearns
K. K. Landes o ) )
Virginia Polytechnic Institute West Virginia University,
B. N. Cooper Department of Geology
University of Michigan, Museum ) Dar*a Wells.
of Paleontology University of‘ Arizona
G. M. Ehlers J.J. Wright
Hope Natural Gas Co. Columbian Carbon Co.
R. E. Bales R. L. Bird, Jr.

CONSTRUCTION OF MISSISSIPPIAN
PALEOTECTONIC MAPS!

COMPILATION OF DATA

The team of authors for the Mississippian investiga-
tions began compilation of data in mid-1962. Data col-
lection was largely completed by the end of 1965 and
this is the effective date of most of the data contained in
this publication. Until publication, however, some im-
portant new data continued to be incorporated in the
maps and text during the compilation and editing.

The region of responsibility for each author of this
paper is shown in figure 1. The work was directed by
Lawrence C. Craig and the maps and cross sections
were edited by Carol W. Connor and Katharine L.
Varnes. Louise M. Kiteley prepared most of the text
figures. Curt A. Mast scribed or drafted all the major
plates in this publication.

Sources of data and availability. — Each publication
in this series is an effort to synthesize the available in-
formation of one geologic system. The sources of infor-
mation are from the published and unpublished records
of the geologic profession and include data provided by
geologists in private industry, universities, and govern-
ment surveys. During compilation the data are sum-
marized on standardized data cards, one or more for
each locality. The many thousands of cards accumu-
lated during the paleotectonic studies form a perma-
nent file of stratigraphic data arranged by State. This
file, except data obtained in confidence, is available for
use at the library of the U.S. Geological Survey, Denver,
Colo. The specific sources of data used in the study of

! Inasmuch as this paper is one of a standardized series of publications, much of the
material presented here is taken directly from preceding paleotectonic map publications
without specific acknowledgment. (See “Preface.”)

the Mississippian System are listed in the “Index to
Localities and Sources” (chap. W) and in the
“References” lists accompanying each chapter of this
report.

Index to localities and sources. — The list of sources
(part II, chap. W) provides documentation for this study
in an abbreviated form and is keyed to the locality maps
(pl. 1) by State and locality number, each State having
its own series of numbers. The abbreviations are ex-
plained at the beginning of chapter W and entries in
the chapter list allow the reader to identify the original
source and obtain the data if they are a part of the
public record. Complete references both for publica-
tions and for unpublished theses are given in the
“References” at the end of each chapter.

MAPPING UNITS

In order to analyze the Mississippian System it is
necessary to separate it into a number of parts. A
lithofacies map and, to a lesser extent, an isopach map
of the entire system is difficult to analyze; dividing the
system into several mapping units minimizes the com-
bining of geologic conditions, depositional and ero-
sional, that differed from time to time during the
geologic period.

The Mississippian System is divided into four parts
designated, in ascending order, intervals A, B, C, and D
(pl. 15). Most of the maps prepared for this publication
are designed to show certain geologic features of an in-
terval. The intervals can be recognized and delimited
nearly everywhere where the system occurs in the Unit-
ed States, and, therefore, comparison of genetically
related events can be made between regions.

DIVISION OF THE SYSTEM

Use of the informal term “interval” and the means
for recognizing interval boundaries are discussed by
Oriel (in McKee and others, 1959, p. 5). Essentially, the
intervals are rock-stratigraphic units that serve as
practical time-stratigraphic units as proposed by
Rodgers (1954, p. 658 —-659). Each interval is composed
of an assemblage of members, formations, or groups
that lies mainly between recognizable lithologic con-
tacts. The lithologic boundary of an interval in any
given area may not and commonly does not represent
the same time surface as the corresponding interval
boundary elsewhere. In some places age control is lack-
ing and rocks are arbitrarily assigned to intervals on
the basis of rock-stratigraphic inferences, or age con-
trol may be so sparse that interval boundaries are
poorly defined and must be placed arbitrarily at a con-
venient horizon marking a change in rock type. In some
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other areas the effective cutoff date of the work pre- BASIS FOR CORRELATION

ceded new age information that could not be incopor-
ated into the study. In a few places new or controversial
age information has been used in this study that has
not yet become a part of official action by the U.S.
Geological Survey. For the Mississippian System the
four intervals in ascending order correspond approx-
imately to the four provincial series of the Mississippi
Valley area: the Kinderhook, Osage, Meramec, and
Chester Series.

A two-letter designation, interval A-B, is used in the
eastern part of the Appalachian Basin region of this
paper. In this area intervals A and B compose a thick
sequence of dominantly coarse-grained detrital strata
that are poorly known throughout much of the area.
The absence of key beds and of well-marked floral and
faunal zones precludes subdivision of the mass into dis-
crete meaningful units, and projection of an arbitrary
contact was considered misleading. These Lower
Mississippian rocks are mapped collectively and are
shown conjoined as interval A-B on the isopach and
lithofacies maps of both interval A (pls. 3-A, 3-B) and
interval B (pls. 4-A, 4-B). This usage is discussed in
more detail in chapter C: “Appalachian Basin region.”

A basis for the assignment of Mississippian rocks to
intervals was provided by the Mississippian correlation
chart compiled by the Mississippian subcommittee
(Weller and others, 1948) of the Committee on
Stratigraphy of the National Research Council. At the
beginning of the present study of the Mississippian,
meetings were held with a number of paleontologists of
the U.S. Geological Survey, notably Helen Duncan, J. T.
Dutro, Jr., Mackenzie Gordon, Jr., and W. J. Sando, and
a preliminary correlation chart was established. In
following years, a number of changes were made to the
chart as new or different rock or fossil relations were
recognized. Particularly helpful in this stage were iden-
tifications by B. A. Skipp of endothyrid Foraminifera in
some poorly dated sections in Western United States.

Thus, in this paper the assignment of Mississippian
stratigraphic units to intervals is the result of both
paleontologic and lithologic studies; in some decisions,
the placement of units in intervals was quite arbitrary
as a result of conflicts of geologic opinion or lack of
diagnostic information on age of units. Authors have
been at liberty to evaluate, revise source material, and
reassign rock units on the basis of new information.
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CHART OF STRATIGRAPHIC TERMS

Plate 15 is a generalized chart showing Mississippian
rock-stratigraphic units in the conterminous United
States and indicates (by heavy line) the assignment of
these units to intervals. In many columns on the chart
the interval boundaries do not coincide with the provin-
cial series or time-equivalent boundaries (horizontal
dashed lines) by which the interval is ideally defined.
These columns represent areas in which a time bound-
ary cannot be identified in the rock sequence or cannot
be mapped across a broad area, and the nearest practi-
cal lithologic change must be used as a mapping con-
venience. Thus, in such a place, an interval may include
beds older or younger than those included in the ideal
interval, or the interval may exclude some beds
equivalent in age to part of the ideal interval. Gaps in
the stratigraphic record, the result of either erosion or
nondeposition, are indicated by shading. Little attempt
has been made to indicate details of correlation, such as
facies relation, overlap, or intertonguing, and the time
span represented by each stratigraphic unit is indicated
in only a general way.

On plate 15 and throughout this paper, stratigraphic
names that have not been adopted by the U.S. Geologi-
cal Survey and those for which there has been no occa-
sion for official action are shown in italics. Names are
italicized also when usage in an area differs from the
accepted usage of the U.S. Geological Survey. Drillers’
terms and names of rock units that are defined by
economic significance are italicized also. Stratigraphic
names that have been adopted by the Geological Survey
are not italicized. Where names are applied to units
that are definitely not or probably not the same as
those of the type area, the names are enclosed in quota-
tion marks.

At the time that this project started, the U.S.
Geological Survey did not use -ian endings on series
names. In 1972 this was changed officially and now the
use of -ian series endings is standard practice. This pro-
ject was so far advanced at that time that it was deemed
inadvisable to change each series name where it occurs
on plate 15 or in the text.

TYPES OF MAPS AND SECTIONS

As in previous publications in this series, the basic
plates accompanying this paper are of two general
types, a group that is essentially factual or “objective”
and a group that is interpretive. The factual group in-
cludes: (1) the outcrop and control point map, (2) the
geologic map of units underlying the Mississippian, (3)
the isopach maps of each interval, (4) the lithofacies
maps of each interval, (5) the total isopach map of the
Mississippian System, (6) the geologic map of units
directly above the Mississippian System, and (7) the

cross sections of the Mississippian System. The in-
terpretive group includes the following maps of each in-
terval: (1) the paleotectonic maps, (2) the sedimentary
environment maps, and (3) the paleogeographic maps.
In addition to these basic plates, a few special plates il-
lustrate economic or other special features of the
Mississippian System and text figures provide index
maps or other illustrations to augment descriptive
material.

Comparison of the maps of each interval provides an
impression of the dynamic changes which influenced
the distribution and nature of the sedimentary rocks of
the system and either directly or indirectly indicates
the tectonic history of the United States during
Mississippian time.

PREPARATION OF MAPS AND SECTIONS

Compilation scale. — Most maps of the factual group
(pls. 2—8) were compiled on base maps at a scale of
1:2,500,000 and subsequently were reduced to the
publication scale of 1:5,000,000. Cross sections (pl. 9-
A —9-G) were compiled at 1:2,500,000 horizontal scale
and were published at that scale. Several vertical scales
were used, depending on the thickness of units: 1 inch
=250 feet, 1 inch=500 feet or 1 inch=1,000 feet. The in-
terpetive map group was compiled on several different
scales; the paleotectonic maps were compiled at
1:2,500,000 and reduced to 1:10,000,000 for publication,
the sedimentary environment maps were compiled at
1:5,000,000 and reduced to 1:10,000,000 for publication,
and the paleogeographic maps were compiled at
1:17,000,000 and were published at the same scale.

Map of control points and generalized outcrop pattern
of the Mississippian System (scale 1:2,500,000). — The
location of points that were used as controls for the
Mississippian maps is shown on plate 1. The “Index to
Localities and Sources” provides an abbreviated iden-
tification of the source of information for each locality.
(See chap. W.) Numbers on the map correspond to those
in the index and to those in the punchcard file. All pre-
vious paleotectonic map publications have used a con-
tinuing series of locality numbers; so that, for example,
Texas locality 22 in the Jurassic paleotectonic map
publication (McKee and others, 1956) was the same
locality and source as Texas locality 22 in the Permian
paleotectonic map publication (McKee, Oriel, and
others, 1967). This system was abandoned in preparing
the Mississippian maps, and locality numbers used here
have no relation to numbers used previously.

Purposes of the map of control points and the “Index
to Localities and Sources” are to enable the reader to
(1) evaluate the relative significance and reliability of
the maps and sections, (2) compare data in this paper
with data from other sources, and (3) have an oppor-
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tunity to prepare other, perhaps more detailed, maps of
local areas using supplementary data.

The density of control points on the maps indicates in
some degree the relative amount of information availa-
ble and permits an evaluation of the reliability of
isopachs and lithofacies trends. In some areas of dense
control more data were available, but all control points
could not be shown on the maps at a scale of 1:2,500,000.
In addition, some control points represent surface sec-
tions or wells that have been described more than once;
some of these alternative descriptions are in agreement,
some are not. Most of the additional or alternative data
in these areas were studied and compared with those
selected for map representation, but where there was
disagreement only one interpretation could be shown on
the principal maps. Some of the other interpretations
are shown on special illustrations or are discussed in the
text.

Most of the outcrops of the Mississippian System
shown on plate 1 have been adapted from large-scale
geologic maps, such as State or County geologic maps.
The outcrop patterns are necessarily generalized at the
scale of publication. For example, single line widths
may exaggerate the representation of very narrow belts
of outcrop; similarly, in order to show some isolated ero-
sion remnants on the map, their size has been exagger-
ated, whereas other, generally smaller, erosion rem-
nants have been omitted from the map.

Geologic maps of units directly beneath and directly
above the Mississippian System (pls. 2, 8). — These maps
provide bracketing information for the Mississippian
System. They show only the systemic breakdown of the
underlying or overlying rocks, except for the Devonian
on the map of the underlying rocks and the Pen-
nsylvania on the map of overlying rocks; these two
systems are divided into series. Letter symbols indicate
names of selected groups or formations in the general
area of their usage but no attempt has been made to
draw boundary lines between them.

Thickness maps (pls. 3-A—6-A, 7). — The isopach
maps for each interval and the total isopach map of the
system are factual maps that indicate thicknesses
preserved today. Thus, care must be exercised in in-
terpreting thickness values shown on these maps
because they do not necessarily represent original
thicknesses; erosion may have removed part of the
originally deposited beds of the mapped unit. In several
regions of the midcontinent where rocks of the
Mississippian System are flat lying and at the surface
over broad areas, a convention of placing a line above
each posted thickness value is used to indicate that the
top of the mapped unit was eroded during Quaternary
time. Thicknesses shown at some places are incomplete

because basal parts of the sections are not exposed or
are not penetrated by drill.

Only a selected, limited number of control points
have the thickness values printed by them; all control
points shown on each map, however, were used as con-
trol in constructing isopachous lines. Although these
maps are called “factual,” the information provided
may be interpretive in some degree; geologic bias, for
instance, may be introduced in the assignment of beds
to the mapped unit and in places the control may per-
mit alternative construction of isopachs.

In much of the Basin and Range province of Nevada,
southern California, southern Arizona, and southern
New Mexico, isopachs have been drawn to fit the
limited amount of control available. This construction
implies that rocks of the mapped unit are known to be
present beneath the broad valleys. In.only a few places,
however, have wells penetrated Mississippian rocks in
these areas; thus, the construction of isopachs across
the valleys must be regarded as an interpretive
reconstruction for the sake of providing as complete a
treatment of the conterminous United States as possi-
ble.

In the Pacific Coast region, points are so widely
spaced that interpolation between them is not war-
ranted. Here information is so sparse and indefinite
that only a few tentative thickness values are shown on
the total system isopach map; a few symbols indicating
presence of rocks are shown on interval isopach maps,
and at only a few localities are lithofacies colors shown
on the lithofacies maps.

In the course of compiling thickness and lithofacies
maps it was desirable to show some faults in order to ex-
plain map discontinuities; for example, abrupt offsets in
isopachs or marked changes of lithofacies patterns. In
areas of known Mississippian or post-Mississippian
faulting, such as the Appalachian Mountains, where
faults did not produce an abrupt change or where
sparse control made delineation of structures uncer-
tain, the faults have been omitted. Selected faults that
are known to have moved in Mississippian time are
shown in black; those that moved only after the
Mississippian are shown in red.

Lithofacies maps (pls. 3-B—6-B). — The lithofacies
maps for each interval indicate the distribution of
average rock types of the mapped unit as these units
are preserved today. Care must be exercised in in-
terpreting the rock types shown on these maps because
they do not necessarily represent all of the originally
deposited unit; erosion may have removed part of the
original beds and the representation on the map of the
remaining beds in places may be an incomplete and im-
proper symbolization of the original unit. In places
where sections are incomplete because the base of the
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unit is not exposed or was not penetrated by drilling,
proportions of rock types cannot be computed. In some
areas they can be estimated with a reasonable degree of
reliability.

As in isopach mapping, lithofacies mapping has been
extended across the broad valleys in a large part of the
Basin and Range province. This implies that rocks of
the mapped unit are known to be present beneath the
basin areas. This projection of lithofacies colors
through much of the province should be regarded as an
interpretive reconstruction for the sake of providing as
complete a treatment of the conterminous United
States as possible.

Lithofacies represented on the maps were deter-
mined by computation of the proportions of rock types
in an interval. The lithofacies colors are used as sym-
bols for lithologic combinations of sandstone, mudstone,
carbonate rock, and evaporite. The classification chart
that accompanies each lithofacies map is based on
these four end-member rock types. The use of the chart
has been discussed in detail in “Paleotectonic Maps of
the Permian System” (McKee, Oriel, and others, 1967,
p. 58).

The lithofacies maps show only the relative abun-
dance of various rock types for each area, not how these
types .are distributed in vertical section or in relation
one to the other. Lithofacies colors on the lithofacies
maps indicate a composite of rock types in the interval
mapped and may represent one of many possible com-
binations of different rock types. For example, a map
pattern representing carbonate rock mixed with some
sandstone may represent a single homogeneous unit of
sandy limestone or interbedded layers of sandstone and
carbonate rock; the layers may be either a few thick
strata or many thin strata; the sandstone may be
calcareous and the carbonate rock may be sandy; and
one component may dominate in the lower or upper
part of the section or may be erratically distributed. For
this reason, cross sections (pls. 9-A —9-G) have been
prepared to show, within the scale limitations, the
thickness of rock types and the vertical distribution
and stratigraphic relations between rock types. The
maps do not agree exactly with the cross sections at
some locality points, inasmuch as they are more
generalized, owing to greater scale limitation, and as a
limited amount of interpretation was permitted to pro-
vide coherent lithofacies maps. A special facies over-
print is used on these maps to denote areas in which
chert content of the mapped unit exceeds 10 percent.
The determination of this chert content can only be ap-
proximate, for the chert may occur in nodules or in

highly irregular beds, and the nature of many of the
data records does not permit precise quantitative deter-
minations.

As explained in the discussion of isopach maps, only
selected faults have been shown. Faults that are known
to have moved in Mississippian time are shown in
black; those that moved only after the Mississippian
are shown in red.

Cross sections (pls. 9-A—9-G). — Fifty-six cross sec-
tions showing thickness, vertical distribution, and
lateral relations of rock types were constructed. The
cross sections are constructed with a horizontal datum
at the top. This datum represents the surface of the in-
terval or the system at the close of its deposition, and
the datum is projected across areas where erosion has
removed the uppermost deposits. Position of the top of
the remaining rocks below the projected horizontal
datum is determined by comparison of remaining strata
with complete sections and estimation of the thickness

of missing rock. Use of a reconstructed datum results in

a cross section that graphically shows the amount and
location of regional sinking during deposition of the
sediments, so the cross sections are interpretive to the
extent that the amount of erosion is an estimate.

The sections show a number of formation or group
names without bounding lines to indicate the
geographic limit of terminology usage; many names
must be omitted because of space limitation. Beneath
the sections, named structures of Mississippian age,
and above the sections, named post-Mississippian
structures or geographic features and the age of erosion
episodes are shown.

Most of the cross sections in the eastern part of the
country consist of a single interval of the Mississippian
System; most of the cross sections in the West consist of
combined intervals of the Mississippian.

Paleotectonic maps (pl. 10, figs. 1—4). —The
paleotectonic maps of each interval of the Mississippian
are an outgrowth of the interpretive maps of preceding
publications in this series. They show a considerable
amount of information that is derived by the authors of
this study from the basic data of the study, as well as
from the interpretations of other authors. One feature,
the present extent of each interval, is of a factual
nature and is taken directly from the interval thickness
maps (pls. 3-A —6-A). Restored isopachs indicate the
original depositional thickness and extent of the inter-
val and are theoretical reconstructions of the sediments
deposited during each interval. The thickness of strata
known or inferred to have been eroded since deposition
is restored and included in interpretive thicknesses.
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The postulated original limits of deposition are indi-
cated by the zero isopach.

Directions of sediment transport are indicated by ar-
rows, and the amount and texture of material
transported is indicated by different lengths and widths
of the arrows. Superimposed is an arbitrary system of
colors indicating the gross tectonics of the interval:
areas and relative amounts of subsidence or uplift, and
areas of stability during the interval. A scheme of black
tectonic symbols is overprinted where appropriate to
show structural axes, direction of overthrusting, and
slight or severe deformation. Intrusive igneous and
volcanic activity are indicated by red symbols.

The paleotectonic maps differ from the sedimentary
environment and paleogeographic maps in that the in-
ferred margins of deposition (zero isopachs, pl. 10) do
not necessarily represent ancient shorelines of the sea;
some strata were deposited in continental environ-
ments. Although moderate or great uplift may be
postulated for a source area, it does not necessarily im-
ply the presence of mountains. Belts of maximum
downwarping may not coincide with areas of maximum
water depth in marine environments; the contrary is
true in areas where deposition essentially kept up with
subsidence.

Sedimentary environment maps (pl. 11, figs. 1—4). —
These maps were prepared as an experiment and are
highly generalized. Sedimentary environment maps
ideally show the distribution of coexisting environ-
ments at a particular instant in time. Because environ-
ments shift position with time and may sometimes
change rapidly, the identification of a common
stratigraphic horizon is important. For this reason the
preceding paleotectonic map publications included only
selected areas of limited extent for mapping sedimen-
tary environments. Generally, these were areas in
which a time horizon could be identified in the rocks
with some confidence, either with the aid of fossils or by
mechanical devices — that is, proportionate division of
sections to select an empirical horizon, or identification
of facies related to a geologic event, such as a maximum
marine transgression. These methods of establishing a
time horizon were discussed in more detail by McKee,
Oriel, and others (1967, p. 34).

In this report a series of four sedimentary environ-
ment maps of national scope is included. By agreement
among the authors these are constructed on approxi-
mate time horizons that can be identified from region to
region. Although the construction of the maps seems
compatible between regions, great opportunity for error
exists at the boundaries of regions. The horizons repre-

sented by the maps are upper interval A (late Kin-
derhook time — approximately mid-Rockford, mid-
Chouteau of the midcontinent); mid-interval B (approx-
imately middle Osage); mid-interval C(middle Meramec
time — approximately early St. Louis of the midconti-
nent); and mid-interval D (approximately middle
Chester time). Acknowledging the hazards of this na-
tional compilation and the problems of interregional as
well as local correlation, the authors consider the maps
to be fairly reasonable portraits of the national dis-
tribution of environments at the selected times.

The classification of the sedimentary environments
on these maps is based on and modified from the system
used in ‘“Paleotectonic Maps of the Jurassic System”
(McKee and others, 1956, pl. 9).

Paleogeographic maps (pl. 12, figs. 1—4). — Paleogeo-
graphic maps were prepared for each interval of the
Mississippian System. They graphically present the
“average” physical appearance of the conterminous
United States during the time of each interval and
show, by comparison of maps, the major geographic
changes during the Mississippian Period. Like the sedi-
mentary environment maps, a paleogeographic map
properly should be constructed for a specific instant in
geologic time, for the physical geography of the land is
continuously changing. Figures 1-4, plate 12, are
generalized for each interval. To some extent the
degree of change that may take place during a single in-
terval is shown by comparing figure 44 (early interval
D) with figures 4B and 4C (late and end of interval D) in
Eastern United States.
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PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM IN THE UNITED STATES,
PART I: INTRODUCTION AND REGIONAL ANALYSES OF THE MISSISSIPPIAN SYSTEM

NEW ENGLAND REGION

By ROBERT W. SCHNABEL

ABSTRACT

Mississippian rocks, identifiable by fossils, are unknown in New
England. In Maine a few small outcrops of sedimentary rocks have
been correlated, on the basis of lithologic similarity, with fossiliferous
Mississippian rocks in New Brunswick. Volcanoclastic rocks in the
Boston basin of Massachusetts are post-Devonian and pre-Cre-
taceous and thus may be, in part, Mississippian in age. Volcanic
rocks just west of the Narragansett basin of Rhode Island are post-
Devonian and pre-Pennsylvanian in age as determined on the basis
of structural discontinuities.

ROCKS OF POSSIBLE MISSISSIPPIAN AGE

Sedimentary rocks of possible Mississippian age crop
out in four small downfaulted blocks in east-central
Maine (fig. 2) (Larrabee and others, 1965). They have
been designated Devonian through Pennsylvanian in
age on the basis of lithologic similarity to rocks
described in adjacent New Brunswick by Clark (1961).
Some of the New Brunswick rocks have been dated as
Early Mississippian by miospores (Belt, 1968).

A series of plutonic and volcanic rocks exposed just
west of the Narragansett basin of Rhode Island, some
plutonic rocks in eastern Massachusetts, and some
volcanic rocks in the Boston basin are possibly of
Mississippian age. The East Greenwich Group of Rhode
Island, which includes the Spencer Hill Volcanics, the
Cowesett Granite, a granite porphyry, and small
masses of fine-grained granitic rocks, has been desig-
nated as Mississippian (?) by Quinn (1952). The Quincy
Granite of northeastern Rhode Island has been
assigned a Mississippian age both on geologic in-
ferences and on a Rb-Sr whole rock radiometric age of
325+15 m.y. (Quinn and Moore, 1968; Bottino, 1963).
However, work by R. E. Zartman (in Quinn and Moore,
1968) indicates a minimum age of Ordovician for the
Quincy Granite. These discrepancies in age may be the
result of miscorrelation of lithologically similar in-
trusive bodies as suggested by recent work in eastern
Massachusetts (K. G. Bell, oral commun. 1970). A thick

sequence of layered volcanoclastic rocks in the Boston
basin may be, in part, Mississippian in age, but no fossil
data have been found to corroborate the age.

No fossils have been reported from any of these
possible Mississippian rocks in New England.

THICKNESS AND LITHOFACIES

Thicknesses of the sedimentary rocks of possible
Mississippian age in east-central Maine cannot be esti-
mated from their limited exposure, and the thickness of
the Spencer Hill Volcanics in Rhode Island has not been
recorded; therefore, thickness values have not been
shown on the isopach maps (pls. 3-A —6-A, pl. 7).

The dominant rock types in east-central Maine are
soft, red, pink, and gray locally carbonate-bearing
siltstone; hard gray-green quartzite conglomerate; soft
to hard poorly sorted coarse red conglomerate; inter-
bedded red and light-gray quartzite conglomerate; and
sandstone (Larrabee and others, 1965). In Rhode Island
the Spencer Hill Volcanics are rhyolite flows with inter-
bedded pyroclastic rocks and conglomerate; associated
plutonic rocks in the East Greenwich Group are granite
and granite porphyry. In the Boston basin possible
Mississippian rocks are mostly pyroclastics.

In Maine, Massachusetts, and Rhode Island the
areas that are underlain by these rocks are limited in
size, but they are represented on the lithofacies maps
(pls. 3-B —6-B) by stylized colors and symbols. Inasmuch
as the interval assignment of the rocks is unknown, the
colors and symbols have arbitrarily been shown on all
the interval lithofacies maps.

OVERLYING AND UNDERLYING ROCKS

Because the sedimentary rocks in Maine are exposed
as part of isolated fault slices, neither overlying nor un-
derlying rocks were observed. The rocks in Canada with
which they are correlated are apparently conformably

9
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overlain and underlain by sedimentary sequences of
Pennsylvanian and Devoniage age (Belt, 1968). These
relations are indicated in column 1 of plate 15 even
though they are not evident in the outcrops in Maine.
This projection of New Brunswick relations has not
been shown on the maps of overlying and underlying
rocks (pls. 2, 8).

Igneous rocks adjacent to the edge of the Narragan-
sett basin include layered volcanics that were tilted to
steep angles and were exposed by erosion before deposi-
tion of the overlying Pennsylvanian rocks (pl. 8) (Quinn
and Moore, 1968). Although Pennsylvanian rocks are
widespread in the Narragansett basin and, locally, they
rest in angular unconformity on possible Mississippian
rocks, the subsurface extent of the rocks of possible
Mississippian age in the basin is unknown; thus, a sym-
bol for overlying Pennsylvanian rocks is not shown on
the map of overlying units (pl. 8). Nowhere in eastern
Massachusetts or Rhode Island are intrusive rocks seen
to cut fossiliferous strata; therefore, none are unques-
tionably Mississippian in age. Plutonic and
metamorphic rocks of older Paleozoic age are present in
the Narragansett basin area and are indicated in col-
umn 1 of plate 15 as underlying the East Greenwich
Group; these are arbitrarily shown on the map of un-
derlying rocks (pl. 2) as undifferentiated Devonian(?).

The thick sequence of rocks in the Boston basin is
undated, and the age of rocks overlying possible
Mississippain rocks is unknown; for this reason, on
plate 8 no rocks are shown to overlie the Mississippian
rocks in the Boston basin.

PALEOTECTONIC IMPLICATIONS

During Mississippian time nearly all of New England
was probably an area of high rugged mountains (pl. 12,
figs. 1 —4) that formed during the Acadian orogeny. Off
the present southeast coast, in the Boston-Rhode Island
area, there may have been active volcanoes. Faulting
and the development of rift valleys was occurring in
New Brunswick (Belt, 1968) and these faults probably
extended into east-central Maine. Only slight uplift is
shown on the paleotectonic maps (pl. 10, figs. 1-4) for
all the region except for diagrammatically represented

subsiding fault trough areas in east-central Maine and
neutral areas in Rhode Island and Massachusetts that
received volcanic deposits.

SEDIMENTARY ENVIRONMENTS

In the New Brunswick-Newfoundland area of
eastern Canada, Mississippian rocks consist of sedi-
ments derived from source areas along faults that were
active during the time of deposition. The sedimentary
rocks are coarse fanglomerates and conglomerates
close to the fault scarps, and they grade into fine-
grained fluvial and lacustrine sandstones and shales
away from the faults (Belt, 1968). Presumably, the sedi-
mentary environment in eastern Maine was similar to
that in New Brunswick, and this is shown in a
generalized manner as alluvial fans on the sedimentary
environment maps (pl. 11, figs. 1—4) in this area.
Volcanics in Rhode Island and Massachusetts may have
accumulated as flows and ash falls in an alluvial or
swamp environment.
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PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM IN THE UNITED STATES,
PART I: INTRODUCTION AND REGIONAL ANALYSES OF THE MISSISSIPPIAN SYSTEM

THE APPALACHIAN BASIN REGION

By WALLACE DE WITT, JR., and LAURA W. MCGREW

ABSTRACT

The tectonic framework of the Appalachian basin during the
Mississippian Period, which was inherited with little modification
from the Devonian, consisted of an eastern arcuately elongate
miogeosynclinal segment extending from eastern Pennsylvania to
northern Mississippi and a western subparallel unstable shelf seg-
ment of slightly smaller size. Upland source areas of sedimentary, ig-
neous, and metamorphic rocks bordered the basin on the north, east,
and southeast. Repeated rejuvenation of these source areas released
vast floods of terrigenous detritus, which accumulated as delta com-
plexes and delta fluvial plains in the adjacent geosynclinal segment
of the basin. The finer grained components accumulated as prodelta
silts and muds in the deeper waters which covered the unstable shelf
segment. Mississippian rocks in the Appalachian basin are locally
more than 7,000 feet thick.

The northeastern source areas were the site of greatest uplift and
folding during the Mississippian Period. Although modified locally,
the position of the major elements of the tectonic framework of the
Appalachian basin underwent little change during Mississippian
time.

Generally, the basal boundary of the Mississippian System is not
well marked in the Appalachian basin, and at many places deposi-
tion was continuous across the systemic boundary. Locally, in the
Anthracite district of Pennsylvania, an episode of uplift and gentle
open folding occurred early in Kinderhook time. Uplift of a small
part of eastern West Virginia may have taken place concurrently.
During Kinderhook and Osage time, when intervals A and B ac-
cumulated, wedges of terrigenous clastics filled the northern half of
the basin to a maximum thickness of about 3,000 feet. Subaerially
deposited deltaic sediments covered much of the geosynclinal seg-
ment at times and spread onto and across the shelf segment of the
basin. Evaporites accumulated locally in a small tectonically con-
trolled faulted basin in southwestern Virginia late in Osage time. In
contrast, interval A is very thin or locally absent in the southern half
of the basin. The overlying sheet of interval B carbonate strata is
more than 200 feet thick.

In Meramec time, during which interval C accumulated, a marked
flooding of the geosynclinal segment of the basin and a decreased
supply of clastic detritus from the low-lying source areas adjacent to
the southern two-thirds of the Appalachian basin produced a thick
sequence of dominantly carbonate strata in all but the extreme
northeastern part of the area. Shallow-water marine carbonate sedi-
ment accumulated in high- and low-energy environments to a thick-
ness of more than 2,600 feet in southwestern Virginia, whereas a
thinner sequence of red beds was deposited concurrently in parts of
eastern Pennsylvania and extreme northeastern West Virginia. A
sheet of calcareous sediment, ranging in thickness from 100 to 300

feet and in composition from quartzose sand in western Penn-
sylvania to nonclastic carbonate mud in Tennessee and northern
Mississippi, blanketed the shelf segment of the basin in Meramec
time. Local warping of the basin exposed the recently deposited
strata in parts of central Ohio, and some shallow scour channels
trenched the recently exposed rocks. Elsewhere, the basin was quies-
cent.

Interval D shows a more complex depositional pattern. Widespread
deposition of carbonate sediment continued throughout much of the
Appalachian basin in early Chester time. However, strong uplift and
rejuvenation of source areas peripheral to the basin produced a great
influx of terrigenous debris which filled the geosynclinal segment of
the basin by late middle Chester time and displaced the sea from all
but the western distal extremities of the shelf segment before the
close of Chester time. Chester-age sediments accumulated in a
subaerial environment in eastern Pennsylvania to a thickness of
more than 5,000 feet; to the south a mixed sequence of marine and
nonmarine sediments in the Greendale syncline of southwestern
Virginia exceeded 4,500 feet in thickness; and from Tennessee south-
westward into northern Mississippi interval D rocks are as much as
2,000 feet thick. They are predominantly shale with some interbed-
ded marine sandstone and limestone.

Conspicuous disconformities at the base of the Lower Pennsylva-
nian rocks in outcrops in northeastern Kentucky, eastern Ohio, and.
northwestern Pennsylvania pass into paraconformities downdip into
the basin and are not present in the axial part of the geosynclinal
segment of the Appalachian basin. Although some tilting, warping,
and erosion of the northern edge of the basin occurred near the end of
Chester time, deposition was continuous from Late Mississippian to
Early Pennsylvanian along the axis of the geosyncline.

REGION DEFINED

As commonly defined, the Appalachian basin con-
sists of the elongate area underlain by the large mass of
downwarped Paleozoic rocks between the Blue Ridge
anticlinorium on the east and the crest of the Cincin-
nati arch on the west (fig. 3). As here defined, the basin
is about four times as long as it is wide. Its axial trend is
roughly N. 40° E. although local segments may depart
considerably from the average trend. The basin con-
tains two distinct structural segments: an eastern seg-
ment composed of complexly folded and faulted miogeo-
synclinal rocks, and a western segment composed of

gently folded to undeformed rocks in the foreland or
13
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FIGURE 3. — Some physiographic and structural elements within and adjacent to the Appalachian basin showing some
features mentioned in text.

slightly unstable shelf part of the basin. Throughout
the basin the two segments are separated at the
Allegheny Front, which marks the change from
strongly deformed to gently deformed rocks. The
strongly folded segment of the basin corresponds
areally to the Valley and Ridge physiographic province
and the slightly deformed western segment corres-
ponds to the Appalachian Plateaus province.

Most of the preserved Mississippian rocks in the
basin underlie the Appalachian Plateaus province;
although locally, Mississippian strata remain infolded
in the structurally deeper synclines of the Valley and
Ridge province. The Anthracite basins of eastern Penn-
sylvania, the Greendale syncline of southwestern
Virginia and northeastern Tennessee, and the Cahaba
syncline of central Alabama are examples of synclines
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which contain infolded Mississippian rocks in the
Valley and Ridge province. The Allegheny Front marks
the eastern edge of the main sheet of Mississippian age
rocks. The northern boundary of these strata is a rag-
ged line extending west from the Northern Anthracite
basin of Pennsylvania to Huron County (fig. 4) in
north-central Ohio. The western side of this roughly
triangular patch of rocks extends south along the east
flank of the Cincinnati arch into south-central Ken-
tucky, east-central Tennessee, and northern Alabama
where it is buried by coastal plain rocks in the vicinity
of the Black Warrior basin of northwestern Alabama
and northern Mississippi (fig. 3).

PALEOGEOLOGY
UNITS UNDERLYING MISSISSIPPIAN

Throughout most of the Appalachian basin, Upper
Devonian strata (pl. 2) underlie the Mississippian
rocks. Paleontologic data indicate that the Devonian
rocks are for the most part in the Bradford stage, and at
many places deposition appears to have been con-
tinuous across the systemic boundary. However, rocks
older than Bradfordian underlie the Mississippian se-
quence in the following four areas in Alabama: in the
Coosa River valley southeast of Birmingham, the Frog
Mountain Sandstone of Early or Middle Devonian age;
about 12 miles northwest of Birmingham, the Red
Mountain Formation of Silurian age; in the north-
western corner of the State, undifferentiated Silurian
rocks; and in the north-central part of the State, un-
differentiated Ordovician rocks. In Polk County, Ga.,
the Rockmart Slate of Ordovician age underlies
Mississippian rocks.

Upper Devonian strata exhibit a diversity of rock
types ranging from conglomerate and coarse-grained
sandstone in the continental red bed sequence of the
Catskill and Hampshire Formations (pl. 15) to fine-
grained black shale in the Ohio and the Chattanooga
Shales. A largely continental sequence of red and pur-
ple rocks makes up the Catskill Formation in the
Anthracite region of Pennsylvania and south along the
Allegheny Front to Altoona in Blair County. From Blair
County south into the Virginias the name Hampshire
Formation is frequently used for this sequence of red
beds. The names Catskill and Hampshire have been
used interchangeably for the red-bed facies at the dis-
cretion of individual geologists. The red beds of the
Catskill or Hampshire intergrade westward with
greenish-gray and olive-drab marine sandstone,
siltstone, and shale. Many of these strata accumulated
in a well-aerated shallow marine environment near the
shore of the Late Devonian sea, and the local abun-
dance of fossils in these strata attests to the large and
diverse benthonic fauna that existed throughout much

of the Late Devonian. To the west and south of these
shallow-water deposits the rocks are dominantly dark
gray, dark brown, or black; strongly indicative of their
euxinic environment of accumulation. Fossils are re-
latively scarce in the dark rocks excepting conodonts
which are locally abundant.

LOWER BOUNDARY OF MISSISSIPPIAN

The stratigraphic position of the lower boundary of
the Mississippian System in the Appalachian basin has
provided much lively controversy during the last 100
years. Several recent studies have greatly aided in
establishing locally acceptable boundaries and have
considerably reduced the area in which boundary
problems exist.

In the western part of the basin throughout much of
Ohio, western West Virginia, eastern Kentucky, and a
part of southwestern Virginia, the boundary between
the Mississippian and Devonian Systems is generally
placed at the base of a zone of marine fossils in the
basal part of the Bedford Shale. The underlying Cleve-
land Member of the Ohio Shale contains definite Late
Devonian fauna and is equivalent to the Gassaway
Member of the Chattanooga Shale (Hass, 1956, p. 23).
The age of the fauna in the Bedford is equivocal and has
been considered as Devonian or Mississippian by pre-
vious geologists. However, the age of most of the Bed-
ford Shale excepting the basal fossil bed is Mississip-
pian (de Witt, 1970, p. G10). The gray fossiliferous Bed-
ford contrasts strongly with the underlying black Ohio
or Chattanooga Shale, and the boundary can be readily
located in both surface and subsurface sections (pl. 15).
In Kentucky the Bedford Shale feathers out of the se-
quence along a line between Estill and Pike Counties
(pl. 9-B, sec. j—j’, interval A). South of this line the base
of the Mississippian System lies within the uppermost
few feet of black shale of the Chattanooga Formation,
and the systemic boundary must be located by paleon-
tologic criteria. The Chattanooga contains at most only
a few feet of beds of Mississippian age and has ar-
bitrarily been excluded from this study throughout its
extent. The lithologic contact at the top of the Chat-
tanooga is the closest feasible contact to the systemic
boundary.

In eastern Ohio, western Pennsylvania, and a part of
northern West Virginia, the Bedford Shale is absent or
unrecognizable, and the basal boundary of the system is
here arbitrarily placed at the base of the Murrysville
sand in Pennsylvania or its equivalent in West Virginia
which may be identified as Murrysville or “Gantz” by
well drillers. In Erie and Crawford Counties, Pa., the
basal boundary of the system is the base of the
Cussewago Sandstone, the surface equivalent of the
Murrysville sand. The Cussewago Sandstone is absent
to the east in Warren and McKean Counties, and the
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base of the Mississippian is the base of the fine-grained
Corry Sandstone or its coarse-grained equivalent, the
Knapp Formation. The presence of a conodont fauna in
the Kushequa Shale Member in the basal part of the
Knapp Formation similar to the fauna in the base of the
Bedford Shale of Ohio indicates the equivalency of the
basal Bedford and the Knapp. The beds below the
Knapp contain a typical Late Devonian brachiopod
fauna.

Location of the basal Mississippian boundary in out-
crops along the east face of the Allegheny Plateau and
in the outliers of the Valley and Ridge province — in
the triangular area between McKean and Carbon Coun-
ties, Pa., and Greenbrier County, W. Va. —is compli-
cated by the fact that the systemic boundary lies within
the red-bed facies of the Catskill or Hampshire Forma-
tions. Most workers in the Appalachians during the sec-
ond half of the 19th and the first half of the 20th cen-
turies commonly drew the base of the Mississippian
(Carboniferous) at the base of the stratigraphically
oldest white sandstone or quartzite overlying the red
beds of the Catskill or Hampshire. However, I. C. White
(1881 —-83) showed that a transition zone several
hundred feet thick separated the dominantly red
Catskill below from the massive conglomeratic
quartzites of the Pocono Formation above. The transi-
tion zone contains intercalations of rocks characteristic
of both the Catskill and the Pocono. White believed that
the rocks of the transition zone were of Mississippian
(Carboniferous) age; however, his conclusion was
largely ignored by other workers.

Studies by Read (1955), Dally (1956), Trexler, Wood,
and Arndt (1962), and Read and Mamay (1964) have
demonstrated that White was correct and that in much
of the northeastern part of the Appalachian basin the
systemic boundary is within the Catskill or Hampshire
red-bed sequence. Both floral evidence in Pennsylvania
and faunal evidence in West Virginia indicate that in
several places the upper part of the red-bed sequence is
of Early Mississippian age. In this paper, the basal
Mississippian boundary has been arbitrarily placed at
the base of the massive sandstone in the red beds that
most closely approximates the time plane indicated by
paleontologic control. At some places where data are
scant, the boundary is the top of the red beds;
elsewhere, the boundary has been drawn within the se-
quence where control existed.

In the Valley and Ridge province southeast of
Greenbrier County, W. Va., the base of the Mississip-
pian is difficult to locate because the red beds of the
Hampshire feather out of the section and the clastic
rocks of Late Devonian and Early Mississippian age are
gradational. However, Glover (1953) has demonstrated

the Mississippian age of the Parrott Formation, the
basal unit of the Mississippian in Pulaski County, Va.,
and he has presented correlations which showed that
Reger’s Broad Ford Sandstone is of Late Devonian age
at the type locality. The Broad Ford Sandstone in parts
of southwestern Virginia contains a Cyrtospirifer fauna
which links it with the so-called “Chemung” Forma-
tion —a catch-all name for non-red marine clastic
rocks of Late Devonian age which underlie the oldest
Mississippian rocks west and south of the red beds of
the Catskill or Hampshire. The name Chemung Forma-
tion or Chemung Group has fallen into disrepute and
has been abandoned in central New York which was
the type area for the unit.

In the southern part of the Appalachian basin from
Tennessee south, the lower boundary of the Mississip-
pian System has, in this report, been placed at the base
of the Maury Formation. The assignment is based
largely on the conclusions of Hass (1956, p. 23 —24) and
Conant and Swanson (1961, p. 1619, 67) who sum-
marized the controversy over the age of the Maury For-
mation and Chattanooga Shale. The change in color
from the black of the Chattanooga Shale to the green of
the Maury Formation and the phosphate nodules
generally present in the lower part of the Maury For-
mation are the physical criteria which have been used
for picking the lower boundary of the Mississippian
System.

PALEOTECTONIC IMPLICATIONS

The similarity of many of the oldest Mississippian
rocks to the youngest Devonian strata below them, the
vertical gradation of units across the systemic bound-
ary at many places, and the absence of marked changes
in the regional pattern of sedimentation at the begin-
ning of the Mississippian indicate that the tectonic
framework of the basin and adjacent source areas did
not change abruptly at the advent of the period.
However, the intercalation of coarser grained strata in
the basal Mississippian in the northeastern part of the
basin indicates an increased uplift of source areas east
and northeast of the Appalachian basin.

In the southern part of the Appalachian basin the
Late Devonian was a time of tectonic quiescence. Still,
shallow seas covered much of what is now Tennessee,
northwestern Georgia, northern Alabama, and north-
eastern Mississippi. Conant and Swanson (1961) sug-
gested that a land area of low relief existed in western
North Carolina with lowlands bordering the Late Devo-
nian sea to the south, southeast, and southwest. These
lowlands were a subaerial continuation of a submerged
peneplain which formed the bottom of the Chattanooga
sea. A landmass may have existed in the Ozark area to
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the west and northwest and several islands lay within
the sea as indicated by the localities where earliest
Mississippian rocks rest directly on rocks older than
Chattanooga Shale.

Sandy facies in the Chattanooga Shale in north-
eastern Mississippi and adjacent parts of Tennessee
and near Centerville (fig. 4) in Bibb County, Ala., sug-
gest the proximity of large streams entering the Chat-
tanooga sea at these localities (Conant and Swanson,
1961).

The basal Mississippian Maury Formation, over most
of its extent, is entirely of Kinderhook age; but at a few
localities in north-central Tennessee, the oldest beds of
the formation are probably of very late Devonian age,
and in some places the uppermost beds are probably of
early Osage age (Hass, 1956, p. 23, 24; Conant and
Swanson, 1961, p. 67). Conant and Swanson (1961, p.
68) suggested that it is a transitional unit marking a
gradual regional change from the poorly oxygenated
waters of Late Devonian time to the well-aerated seas
of later Mississippian. They also suggested that,
although there is very little physical evidence of a
hiatus between the Chattanooga Shale and Maury For-
mation, deposition may have been interrupted locally in
Late Devonian time by shallowing of the sea and by
some warping and planation of the sea bottom. Phosph-
ate and glauconite are conspicuous constituents of the
Maury Formation. Goldman (1922) cited instances in
which the presence of these minerals along with a
minimum of detrital material are indicative of impor-
tant stratigraphic hiatuses.

INTERVAL A
RELATION OF INTERVAL A TO INTERVAL A-B

In most of the western and southern parts of the
basin, the rocks of interval A, which are of Kinderhook
age, can be readily distinguished from the rocks of in-
terval B, which are of Osage age (pl. 15). On the other
hand, in the eastern part of the basin, the fossils and
key beds necessary to separate the two intervals are
missing at many places, and the thick sequence of
clastic rocks cannot be subdivided regionally into com-
ponent intervals A and B. Local subdivision is possible,
but the stratigraphic relations of individual units in the
sequence are not well established, and much paleon-
tologic work remains to be done before intervals A and
B can be differentiated and delineated with certainty
throughout the Appalachian basin. Because of the rela-
tive impossibility of distinguishing intervals A and B
throughout much of the eastern part of the basin, the
strata comprising these intervals in that area here are
treated as a single interval combining the rocks of Kin-
derhook and Osage ages in a unit mapped as interval A-

B. Combined interval A-B is shown on both plates 3 and
4 for convenience in comparing with the differentiated
intervals.

FORMATIONS INCLUDED AND STRATIGRAPHIC
RELATIONS

Throughout much of eastern Ohio, eastern Ken-
tucky, western West Virginia, and a part of south-
western Virginia, interval A is made up in ascending
stratigraphic order of the Bedford Shale, Berea
Sandstone, and Sunbury Shale (pl. 15; pl. 9-B, sec. 2 —%/,
interval A). In much of eastern Kentucky from Pike
County northwest to Lewis County, siltstone and
sandstone fill the interval below the Sunbury Shale,
and well drillers commonly refer to the sequence as the
Berea sand, although surface data demonstrate that
much of the sequence is of Bedford age (Morris, 1966).

In northeastern Ohio and part of northwestern
Pennsylvania, the Cussewago Sandstone is the basal
part of interval A, and the top of the interval is not well
marked because the Sunbury Shale grades laterally
into the basal part of a thicker unit of very dark
brownish-gray shale, the Orangeville Shale. The
Shellhammer Hollow Formation of Erie and Crawford
Counties, Pa., includes equivalents of the Bedford
Shale, Berea Sandstone, Corry Sandstone, and the
basal part of the Sunbury Shale (de Witt, 1951, pl. 2).
The Cussewago Sandstone is absent in Warren and
McKean Counties to the east, where the coarse-grained
conglomeratic Knapp Formation or its fine-grained
equivalent, the Corry Sandstone, composes most of in-
terval A.

In much of western Pennsylvania and adjacent
northern West Virginia, the coarse-grained Murrysville
sand, the subsurface equivalent of the Cussewago
Sandstone, occupies the lower two-thirds of interval A.
The Bedford Shale and Berea Sandstone are not pres-
ent, and the Sunbury Shale has lost its identity in a
thick sequence of dark-gray silty shale between the
Murrysville sand below and the 2d gas sand above. To
the east in central Pennsylvania the Murrysville and re-
lated strata merge into the thick wedge of coarse-
grained clastic rocks, the Pocono Formation, that com-
pose interval A-B.

Throughout the southern part of the Appalachian
basin from northeastern Tennessee southwestward
into northern Mississippi interval A is represented by a
single unit, the Maury Formation (pl. 15). It consists of
grayish-green mudstone, claystone, shale, siltstone,
and some glauconitic sandstone, and it contains abun-
dant calcium phosphate. The phosphate generally oc-
curs as concentrations of nodules in the lower part and
as sparse, scattered nodules and plates in the re-
mainder of the formation. Although thin — generally
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2 -5 feet thick —the Maury Formation is believed to
represent deposition during most, if not all, of interval
A or Kinderhook time (Conant and Swanson, 1961,
p. 67).

UPPER BOUNDARY OF INTERVAL A

The top of the black Siphonodella-bearing Sunbury
Shale (pl. 15) is here arbitrarily selected as the upper
boundary of interval A in the west part of the basin
because the horizon is widespread and readily iden-
tified in both surface and subsurface sections. Although
some of the overlying Cuyahoga Formation of Ohio is of
Kinderhook age (Root and others, 1961, p. 7), the lack
of paleontologic contrel, the absence of widespread key
beds, and the complex facies relations in the unit pre-
veni its separation into intervals A and B.

The Sunbury grades into the basal part of the
Orangeville Shale, a thick unit of dark-gray silty shale
in northeast Ohio (pl. 15, col. 9), and in this area and in
adjacent northwest Pennsylvania the upper boundary
of interval A is lifted slightly to the base of the drillers’
2d gas sand or its lateral equivalents which the drillers
call Gable, Welch Stray, or Weir sand. Although these
sand bodies are younger than the Sunbury and are
probably not absolute time equivalents, they are the
most widespread group of key beds in this part of the
basin. The 2d gas sand has been traced from the Pitts-
burgh area eastward to the vicinity of Johnstown,
Cambria County, Pa., (Pepper and others, 1954, pl. 14)
east of which it cannot be identified with certainty in
the thick clastics of interval A-B.

Throughout the southern part of the Appalachian
basin the upper boundary of interval A is the top of the
Maury Formation, and its upper surface is generally
sharply defined by the overlying Fort Payne Formation.
Occasionally, the blue-green shaly chips of claystone so
characteristic of the upper part of the Maury are also
present in the lower 2 -3 inches of the Fort Payne. At
these places the contact is placed at the lowest occur-
rence of limestone or chert. However, both the upper
and lower boundaries of interval A are commonly
difficult to select because the Maury is so thin that at
many places it is lost completely in well cuttings and is
difficult to find in outcrops.

THICKNESS TRENDS

In much of the western part of the Appalachian
basin region, interval A is less than 100 feet thick;
however, at two localities in central Ohio it is more than
200 feet thick (pl. 3-A). Locally, it is interrupted by
several linear belts of thicker strata in which the inter-
val is more than 100 feet thick. One linear belt extends
from north-central Ohio (Lorain County) southward

across Ohio and eastern Kentucky. A second extends
from south-central Pennsylvania (Somerset County)
northwestward to the vicinity of Cleveland in north-
central Ohio. These two elongated thick masses are
joined by a short cross-trending belt extending from
northeastern Ohio (Mahoning County) to central Ohio
(Muskingum County). Interval A also attains a thick-
ness of more than 100 feet in a small area in north-
western Pennsylvania (Warren and McKean Counties).

With the exception of one locality in Scott County,
northeastefn Tennessee, where it is 25 feet thick, inter-
val A throughout the southern part of the Appalachian
basin is uniformly a very thin unit, 17 feet thick.

LITHOFACIES TRENDS

Commonly in Pennsylvania and adjacent parts of
West Virginia, the areas of thick strata correspond to
areas of coarse-grained quartzose sandstone. The con-
glomeratic Knapp Formation makes up a thick interval
A in Warren and McKean Counties, and a sheet of peb-
bly Murrysville sand matches the belt of thick strata in
western Pennsylvania and northeastern Ohio (pl. 3-B).
In Trumbull County, Ohio, the Murrysville is over-
lapped from the northwest by a tongue of finer grained
Berea sand, which is coarser grained to the northwest
near Cleveland. Correspondence of a thick interval A
with coarse-grained rocks is less in Ohio, Kentucky,
and western West Virginia than in Pennsylvania.

The maximum thickness of the Bedford Shale, repre-
senting the Red Bedford delta (fig. 6; Pepper and
others, 1954, p. 45) underlies a broad area along the
western edge of the preserved rocks in central Ohio
(from Huron County to Lawrence County). Rocks in
this area are predominantly shale and mudrock. In con-
trast the Berea Sandstone dominates the lithofacies
map (pl. 3-B) in northern Ohio, where it is thickest and
coarsest grained. The Berea thins and becomes finger
grained to the south as the lithofacies pattern clearly
shows. A belt of predominantly sandy rocks extends
from Tuscarawas County south across Ohio and West
Virginia to the Virginia border in the vicinity of
Bluefield. In West Virginia several narrow sinuous
tongues of sandy strata project eastward into the adja-
cent area of thin shaly rock.

Throughout eastern Tennessee, northwestern
Georgia, northern Alabama, and northeastern
Mississippi, interval A, as represented by the Maury
Formation, consists almost entirely of claystone and
siltstone. Minor amounts of sandstone present in some
areas do not affect the lithofacies pattern. Phosphate
and glauconite are conspicuous components of the en-
tire unit.



20 PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM, PART I

SOURCES AND ENVIRONMENTS

The sandy rocks that make up the sheet of
Cussewago Sandstone and Murrysville sand had an
eastern source area (pl. 10, fig. 1; pl. 12, fig. 1). The
rocks were deposited as the nearshore parts of a large
delta complex (pl. 11, fig. 1) that covered parts of
western and central Pennsylvania, eastern Ohio, and
northern West Virginia (Pepper and others, 1954, p.
40).

The source area for the red Bedford Shale and the
Berea Sandstone of Ohio lay far to the north in the
eastern part of the Canadian Shield (Pepper and others,
1954, p. 99). The Knapp Formation of northwestern
Pennsylvania, another delta deposit, similarly had a
northern source. It is thickest and coarsest grained in
the north part of its outcrop and becomes progressively
thinner and finer grained to the south. Both the Knapp
and the Berea accumulated as deltas which were built
southward into a shallow epicontinental sea by rivers
that headed in highlands in eastern Canada (Pepper
and others, 1954, pl. 12).

The Berea sand of West Virginia, like the Murrysville
sand of Pennsylvania, was derived from an eastern
source. Sand from the eastern source was carried west
into the epicontinental sea in western West Virginia
and eastern Kentucky by several rivers. Sand-filled
channels of the ancient Gay-Fink and Cabin Creek
Rivers (fig. 5) have been known for many years (Pepper
and others, 1954, p. 75 -79). Recent drilling in Tazewell
County, Va., has confirmed the presence of the channel
of the Virginia-Carolina River (J. T. Galey oral com-
mun., 1967) another of the large streams that drained
from the eastern source area.

The main source of clastic sediment for the Maury
Formation was probably surficial material from the
lowland areas that were submerged by the Early
Mississippian sea (Conant and Swanson, 1961, p. 69).
Accumulation was slow, resulting in deposition of only
2 -5 feet of sediment throughout most of the southern
Appalachian basin during entire Kinderhook time. The
predominantly fine-grained character of the Maury
Formation suggests extensive reworking of the
material by currents and waves before final deposition.
Minor amounts of coarser detrital material in the for-
mation were probably derived from the low islands of
Late Devonian rocks as they were submerged by the
deepening, but probably still fairly shallow, Early
Mississippian sea.

Phosphate was presumably precipitated from the
seawater. It occurs as nodules in a thin persistent bed
in the lower part of the formation and more sparsely
scattered throughout the upper part and as tabular
masses which may be parallel to or cut across bedding
in the upper part of the formation. Conant and Swan-

son (1961, p. 66) believed that the nodular phosphate
formed simultaneously with the accumulation of the
mud and shortly afterward but that the tabular masses
that cut across bedding are a result of local migration
and redeposition of the phosphate material after burial
and compaction. Glauconite, presumably an alteration
product, commonly occurs in the Maury Formation as
abundant visible grains where it is associated with
sandstone, but it is rarely visible in the upper claystone
part of the formation. There it may occur as “pigmen-
tary glauconite” (Conant and Swanson, 1961, p. 64) and
possibly gives the claystone its characteristic green col-
or. Some writers believe (for example, Conant and
Swanson, 1961, p. 68) that both phosphate and
glauconite are formed during periods of slow clastic
sedimentation and that glauconite is formed in a reduc-
ing marine environment.

PALEOTECTONIC IMPLICATIONS

The strata of interval A record several episodes of
uplift in source areas to the north and east of the Ap-
palachian basin. The eastern source area produced two
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FIGURE 5. — Paleogeographic map of middle Berea time showing the
location of the Gay-Fink, Cabin Creek and Virginia-Carolina
Rivers. (Modified from Pepper and others, 1954.)
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floods of clastic debris — the Murrysville sand of Penn-
sylvania and the Berea sand of West Virginia — and ap-
pears to have been more active than the northern
source area which produced only one flood of coarser
clastics —the Berea Sandstone of Ohio.

The presence of a large delta, the Red Bedford delta
(fig. 6) with fringing offshore bars, from Cuyahoga
County south across Ohio to Lawrence County at the
Ohio River shows that the epicontinental sea was
shallow and locally nonexistent during a part of Bed-
ford time (Pepper and others, 1954, pl. 13B). Sub-
mergence of the delta by a late Bedford sea indicates
that the sea began to deepen toward the close of Bed-
ford time. However, the presence of a well-established
shoreline in western West Virginia and eastern Ken-
tucky and the scour of river channels to the east of the
shoreline indicate that a major regression of the sea
took place in the basin during early Berea time. In all
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FIGURE 6. — Paleogeographic map of early Bedford time showing the
Red Bedford delta with associated ofsshore bars. (Modified from
Pepper and others, 1954.)

probability this regression was the maximum retreat of
the Early Mississippian sea. A ridge of shoals and low
islands, Cincinnatia, marked the crest of the Cincinnati
arch across western Ohio and in north-central Ken-
tucky during much of the Kinderhook (Pepper and
others, 1954, pls. 13A —I). Cincinnatia was sufficiently
positive to prevent exchange of sediments between the
Appalachian and Illinois basins during accumulation of
the Bedford Shale and Berea Sandstone. If sediments
were contributed to the Appalachian basin by Cincin-
natia, they have not been identified.

Gradual and continual submergence of the coastal
plain by transgressive overlap occurred throughout the
rest of Berea time. During the late Kinderhook the
western part of the Appalachian basin returned to a
period of quiescence and stagnation similar to that of
the Late Devonian. Black mud of the Sunbury accumul-
ated in an euxinic environment. Only small amounts of
fine-grained detritus were carried into this part of the
basin from land areas to the north and east. The -
widespread and relatively uniform sheet of black Sun-
bury Shale suggests strongly that Cincinnatia was sub-
merged and did not interrupt the deposition of black
mud, which covered adjacent parts of the Appalachian,
Illinois, and Michigan basins in the late Kinderhook.

In the southern part of the Appalachian basin inter-
val A was a time of gradual regional change from the
poorly oxygenated waters of the Late Devonian to the
well-aerated sea of later Mississippian time (Conant
and Swanson, 1961, p. 68). Gradual subsidence caused
the sea to spread widely, submerging the Late Devonian
islands and encroaching upon the peneplaned
shoreline. Conant and Swanson (1961, pl. 14) inferred
that the landmass which bordered the Late Devonian
and earliest Mississippian sea extended across the
Southern United States westward from the Carolinas
across southern Georgia and Alabama, northward up
the Mississippi embayment region into part of Ten-
nessee, Kentucky, Missouri, and Arkansas and then
westward again across Louisiana and into east Texas.
(See pl. 12, fig. 1.)

INTERVAL A-B

FORMATIONS INCLUDED AND STRATIGRAPHIC
RELATIONS

In contrast to the many well-marked stratigraphic
units occupying intervals A and B in the western part of
the basin, a thick wedge of dominantly coarse-grained
clastic strata of Kinderhook and Osage age fills the
eastern part of the basin. These rocks are poorly known
in much of the area. The absence of widespread key
beds and well-marked floral and faunal zones at many
places precludes subdivision of the mass into discrete
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intervals. Consequently, these Lower Mississippian
rocks are herein mapped collectively as combined inter-
val A-B and are shown combined on the accompanying
maps (pls. 3-A, 3-B, 4-A, 4-B).

Interval A-B received its most intensive study in the
Anthracite region of eastern Pennsylvania. Two thick
units of clastic rock, the Spechty Kopf Member of the
Catskill Formation (Trexler, and others, 1962, p. C36)
and the overlying Pocono Formation, compose the in-
terval (pl. 15; pl. 9-B, sec. h—h’, interval A). The
Spechty Kopf Member was originally named the
Pocono-Catskill transitional group by White (1883, p.
47 -52) because it contains rocks that are charac-
teristic of both the Catskill red beds and the quartzitic
conglomerates of the Pocono. Red, purple, greenish-
gray, and black shale are intercalated with gray and
white pebbly sandstone and conglomerate. Read (1955,
p. 8; Read and Mamay, 1964, p. K5) obtained an Adian-
tites flora from the middle and upper parts of the
Spechty Kopf Member which he designated as lower
Pocono. The Adiantites flora established an Early
Mississippian age for most of the member. As yet a
flora has not been obtained from the lower part of the
member; however, the conformable relation and grada-
tional boundary of the member with the subjacent Bud-
dys Run Member of the Catskill Formation suggest a
Late Devonian age for the basal beds of the Spechty
Kopf Member.

Trexler, Wood, and Arndt (1962, p. C37) assigned a
maximum thickness of 2,400 feet to the Spechty Kopf
Member at the type area near Lykens, adjacent to the
southwestern part of the Southern Anthracite basin;
whereas D. M. Hoskins (oral commun., 1965) stated
that the member was about 1,000 feet thick in the type
area. Adopting a conservative view, we have here ten-
tatively accepted the lesser thickness figure pending
resolution of these conflicting data. In the type area
near Lykens, the Pocono Formation locally lies with
angular unconformity upon the Spechty Kopf (Trexler
and others, 1961, p. B84), and locally pre-Pocono folding
and erosion have combined to remove more than 300
feet of the member. The Spechty Kopf Member thins
away from the type area and appears to be about 300
feet thick in the vicinity of the Northern Anthracite
basin. The time span and topographic relief on the un-
conformity at the top of the member also appear to
decrease in magnitude away from the Southern
Anthracite basin. The hiatus is represented in the
Northern Anthracite basin by a gentle disconformity or
an obscure paraconformity.

The massive and resistant Pocono Formation makes
up much of interval A-B in the Anthracite basins and in
the Broad Top basin of Pennsylvania, as well as along
the Allegheny Front in Pennsylvania, Maryland, and
the Virginias. In the Southern Anthracite basin, the
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Pocono is divided into members, the Beckville below
and the Mount Carbon above (Trexler and others, 1962,
p. C38). Both members are coarse-grained con-
glomeratic sandstone that locally contains some shale
and impure coal. An Adiantites flora in the subjacent
Spechty Kopf suggest that the Beckville may be of Kin-
derhook age, whereas the Osage age of the Mount Car-
bon is indicated by a Triphyllopteris flora (Read, 1955,
p. 8-15; Trexler and others, 1962, p. C36). The two
members of the Pocono cannot be distinguished north
of the Southern Anthracite basin. In the Northern
Anthracite basin the Pocono contains a massive con-
glomerate in the basal part, the Griswold Gap Con-
glomerate of White (1881, p. 56 —57). Recent work by M.
J. Bergin and others (oral commun., 1966) corroborates
the suggestion by Willard (1946, p. 787) and Leonard
(1953) that at the type locality, Griswold Gap, at the
northern end of the Northern Anthracite basin, the
basal conglomeratic sandstone of the Pottsville Forma-
tion was incorrectly assigned to the Pocono. Elsewhere
in the Northern basin, however, the Griswold Gap is a
part of the Pocono Formation and is of Early Mississip-
pian age.

The Pocono Formation makes up interval A-B in the
Broad Top basin and along the Allegheny Front in
central Pennsylvania (pl. 9-B, sec. A—A’, interval A).
The lower part of the formation, which contains many
beds of siltstone, shale, and some impure coal, is less
resistant than the upper part of the Pocono. An Adian-
tites flora occurs locally in the lower part of the forma-
tion in Blair, Centre, and Clearfield Counties (Read,
1955, p. 8, 15; Read and Mamay, 1964, pl. 1), suggesting
that this shaly part of the Pocono is temporally
equivalent to the Spechty Kopf Member of the Catskill
Formation in the Anthracite basins. The upper part of
the Pocono, the Burgoon Sandstone Member, is a hard
resistant quartzite which can be readily identified in
both the surface and subsurface parts of central Penn-
sylvania. A Triphyllopteris flora that occurs in the
Burgoon at several places, including the type exposures
along Burgoon Run, Blair County, (Swartz, 1965, p. 18),
suggests a correlation of the member with the Mount
Carbon Member in the Southern Anthracite basin.

In northeasternmost West Virginia (Morgan and
Berkeley Counties), the deep Meadow Branch syncline
contains a thick sequence of continental strata which
compose the Pocono Group (pl. 9-B, sec. g—¢, interval
A). In ascending order these strata are divided into the
Rockwell Formation, Purslane Sandstone, and Hedges
Shale (Read, 1955, p. 10—-11). Previously, Stose and
Swartz (1912, p. 14) had assigned the overlying Myers
Shale and Pinkerton Sandstone to the Pocono, but Read
has indicated that the age of post-Hedges formations is
open to question and suggests that lithologic charac-
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teristics favor correlation of the Myers with a younger
Mississippian unit and the Pinkerton with basal Penn-
sylvanian.

The base of the Rockwell Formation was arbitrarily
placed at the base of a pebbly quartzite in a sequence of
red and gray strata at the top of the Catskill
(Hampshire) Formation (Stose and Swartz, 1912). Dally
(1956) has demonstrated that the Rockwell and
Hampshire Formations intertongue and that at many
places along the Allegheny Front in West Virginia the
upper few feet of red beds of the Hampshire contain a
marine fauna of Early Mississippian age. The Rockwell,
which contains many beds of gray and red shale,
siltstone, and some impure coal, as well as some resis-
tant beds of quartzitic sandstone, is similar in composi-
tion and correlates with the sub-Burgoon part of the
Pocono Formation of southern Pennsylvania (de Witt,
1969, p. 31). The Purslane Sandstone, which overlies
the Rockwell Formation in Washington and eastern
Allegany Counties, Md., as well as in northeastern West
Virginia, is a resistant pebbly orthoquartzite. The soft
coal-bearing beds of the overlying Hedges Shale contain
a Triphyllopteris flora in the Meadow Branch syncline
which demonstrates the Osage age of these soft strata
(Read, 1955, p. 1). The Hedges Shale is restricted to the
Meadow Branch syncline,whereas Purslane Sandstone
is of wider extent. Although recognized in the eastern
part of Allegany County, Md., the Purslane is not pres-
ent along the Allegheny Front in the western part of
the county.

In eastern West Virginia (parts of Greenbrier,
Pocahontas, Randolph, Pendleton, and Tucker Coun-
ties), Dally (1956) has shown that the upper part of the
red beds of the Hampshire Formation is of Early
Mississippian age. The red beds of Mississippian age
are overlain by Dally’s Pocono Group throughout much
of these five counties except in the vicinity of Beverly,
Randolph County, where the strata in interval A-B are
extremely thin and the Pocono is absent. There,
carbonate rocks of Chester age are in contact with the
Hampshire (pl. 9-B, sec. i <, interval A). In an area im-
mediately to the west (parts of Barbour, Braxton,
Lewis, and Webster Counties), Flowers (1956)
demonstrated that Catskill red beds directly underlie
Chester age beds of the Greenbrier Limestone. Thus,
within a small area in eastern West Virginia interval
A-B is extremely thin and is represented only by red
beds. Most probably, the upper part of Flowers’ red
Catskill is the subsurface equivalent of Dally’s
Mississippian age Hampshire of the Allegheny Front.
The absence of paleontologic control in the subsurface
prevents confirmation of this supposition.

In Montgomery County, Va., and south along the
Valley and Ridge province, clastic coal-bearing rocks of
the Price Formation and the overlying red beds of the

Maccrady Shale make up interval A-B (pl. 9-B, sec. j ",
interval A, A-B, B). Locally in the vicinity of Saltville,
Smyth County, Va., the Maccrady contains salt and
gypsum which have been exploited commercially for
many years. In Pulaski County, Glover (1953) has sub-
divided the Price Formation into a lower predominantly
shaly unit, which Cooper (1963, p. 22) formally desig-
nated the Parrott Formation, and an overlying sandy
unit, the restricted Price Formation. Cooper’s Parrott
Formation contains an Early Mississippian fauna and
overlies the Broad Ford Sandstone of Reger (1926, p.
505, 520), which at its type locality in Smyth County
contains a Late Devonian Cyrtospirifer fauna (Glover,
1953). Most probably, the Parrott Formation correlates
in a general way with the upper part of the Hampshire
Formation and with the Marlinton Formation of Dally
(1956), both of which contain similar Early Mississip-
pian fossils in parts of eastern West Virginia
(Greenbrier, Pocahontas, Randolph, and Tucker Coun-
ties). The restricted Price Formation, which contains
several coal beds in west-central Virginia, has a
Triphyllopteris flora that suggests a general correlation
with the Purslane Sandstone and Hedges Shale of the
Meadow Branch syncline in northeastern West
Virginia and with the Burgoon Member of the Pocono
in south-central Pennsylvania.

At some places along the Allegheny Front south of
Mercer County, W. Va,, and in the Greendale syncline
south of the front, the Price Formation overlies the Big
Stone Gap Member of the Chattanooga Shale (pl. 9-B,
sec. k—F, interval A). The upper part of the Big Stone
Gap Member contains a Kinderhook Siphonodella
fauna that is identical to the fauna in the Sunbury
Shale, whereas the lower part of the member contains a
Late Devonian fauna (Roen and others, 1964, p. B47).
The age of the Price Sandstone in southwestern
Virginia is not well documented; however, fossils from
the Maccrady Shale in Lee County indicate an early
Osage age for the red beds there. Both the Price and the
Maccrady intertongue with the greenish-gray Grainger
Shale in Lee County and cannot be recognized in the
section at Cumberland Gap in extreme western Lee
County (pl. 3-A; pl. 9-B, sec. i—, intervals A, A-B, and
B). A northeast-thinning wedge of cherty Fort Payne
separates the Grainger from the carbonate rocks in in-
terval C at Cumberland and Jellico Gaps (fig. 4).

UPPER BOUNDARY OF INTERVAL A-B

From the Anthracite basins of Pennsylvania south
along the Valley and Ridge province to the Blacksburg-
Pulaski synclinorium of Cooper (1964, p. 103), in south-
western Virginia, the sandy rocks of interval A-B are
overlain by red beds of Meramec and Chester age.
These rocks are the Mauch Chunk Formation in Penn-
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sylvania, the Myers Shale in the Meadow Branch syn-
cline in West Virginia, and the Stroubles Formation in
Virginia. Commonly, the contact between sandstone
and red shale is sharp, but at places the rock types in-
tertongue and the boundary between intervals must be
arbitrarily delineated. From Altoona, Blair County, Pa.,
south along the Allegheny Front and in the Greendale
syncline in southwestern Virginia, calcareous rocks of
Meramec and Chester age overlie the clastic strata in
interval A-B. Wells (1950, p. 918) has shown that from
southern West Virginia (Mercer County) north along
the front a hiatus of increasing magnitude separates
the rocks of interval A-B from the calcareous strata
above. Limestone of early Meramec age caps the Mac-
crady Formation in Tazewell County, Va., and adjacent
Mercer County, W. Va., whereas farther north in West
Virginia in parts of Randolph County, early Chester
limestone rests on the clastic strata of interval A-B.
The magnitude of the hiatus is less in south-central
Pennsylvania, where the very calcareous sandstone or
very sandy limestone of the Loyalhanna is paraconfor-
mable on the Burgoon Member of the Pocono Forma-
tion.

THICKNESS TRENDS

Three areas of thick strata dominate the isopach of
interval A-B (pls. 3-A, 4-A). The largest area, in which
the rocks are more than 2,900 feet thick, is centered in
the Southern Anthracite basin in eastern Pennsylvania
and marks the site of the Pocono delta. A second lies in
the Broad Top basin in south-central Pennsylvania and
is probably also a part of the Pocono delta. A third area,
in which the rocks are more than 1,400 feet thick, is lo-
cated in the Blacksburg-Pulaski synclinorium of south-
western Virginia and is the site of the Price delta. The
rocks of interval A-B are exceptionally thin or are
locally absent in parts of eastern West Virginia (parts
of Barbour, Braxton, Lewis, Randolph, and Webster
Counties). A smaller spot of thin strata exists in central
Allegany County, Md. In general the rocks of ir terval
A-B are thickest in the Valley and Ridge province and
thin westward into the Appalachian Plateaus province.
The rate of thinning is most marked in southern West
Virginia and southwestern Virginia adjacent to the
Allegheny Front.

LITHOFACIES TRENDS

Commonly areas containing the most sandstone cor-
respond to the areas of thick interval A-B. A tongue of
quartzose clastics projects west and southwest from
eastern Pennsylvania across western Maryland and
into adjacent northern West Virginia (pls. 3-B, 4-B).
The more rapid westerly transition from sandstone to
shale in southwestern Virginia and adjacent West

Virginia than in Pennsylvania suggegts that the Price
delta was considerably smaller than the Pocono delta.

A wedge of calcareous cherty rock underlies a small
part of southeastern Kentucky. These strata are the
distal fringe of a large mass of Fort Payne Formation
that lies west of the main part of the Appalachian
basin.

SOURCES AND ENVIRONMENTS

Clearly, the source for the clastic rocks of interval A-
B lay east of the Appalachian basin. The rocks thicken
and become coarser grained to the east (pls. 3-A, 3-B).
Pelletier (1958, p. 1041, 1061) suggested that a terrain
of sedimentary and low-rank metamorphic rocks lying
more than 40 miles east of the present Atlantic
shoreline was the source for the detritus that made up
the Pocono delta of eastern and central Pennsylvania.
Much of the strata of interval A-B was deposited in
nonmarine environment as demonstrated by the ab-
sence of marine fossils, the presence of continental
floras, and the abundance of local coaly beds. The coaly
rocks of the Pocono in Pennsylvania probably accumu-
lated in swamps on the coastal part of a large delta com-
plex (Pelletier, 1958, p. 1057). A similar environment
seems plausible for the coaly part of the Price Forma-
tion in Virginia. The presence of marine fossils in the
upper part of the Hampshire of West Virginia and in
the Parrott Formation and the lower part of the Price
Formation in parts of Virginia shows that some of these
strata were deposited in a shallow neritic marine en-
vironment. Certainly, the Big Stone Gap Member of the
Chattanooga Formation and the associated Grainger
Shale are marine deposits. From Pennsylvania south-
west along the axis of the geosyncline the rocks of in-
terval A-B show a gradation from coarse-grained
clastics of a high-energy continental environment to
marine shale typical of a tranquil euxinic environment.

The paleotectonic implications of the thickness and
lithofacies trends for interval A-B are discussed in con-
junction with the data from interval B.

INTERVAL B

FORMATIONS INCLUDED AND STRATIGRAPHIC
RELATIONS

Throughout most of the outcrop in Ohio two forma-
tions, the Cuyahoga below and the Logan above, make
up interval B (pl. 9-B, secs. g—g, k—F/, interval B). Both
formations have been subdivided into members. Facies
relations within the Cuyahoga are complex because
coarse-grained pebbly sandstone intertongues abruptly
with shale (Hyde, 1915; Holden, 1942; Root and others,
1961, p. 7—20). In contrast the members of the Logan
are relatively extensive and are of uniform thickness.
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Because two thin but characteristic beds of conglomer-
ate, the Berne and Allensville Members, are rarely
found in drill cuttings, the Logan cannot be readily sub-
divided in the subsurface. Commonly, the drillers’ Big
Injun sand fills most of interval B in the Ohio subsur-
face. The Big Injun sand is a thick sequence of
sandstone and siltstone which extends through much of
eastern Ohio, western Pennsylvania, eastern Ken-
tucky, and West Virginia. In Ohio the coarse-grained
pebbly Black Hand Member of the Cuyahoga Formation
and the sandstones of the Logan Formation make up
the Big Injun sand. Thickness variations in the Big In-
Jun of Ohio are commonly the result of abrupt changes
in thickness of the Black Hand. In the northern half of
Ohio and adjacent Pennsylvania coarse-grained
sandstones of Early Pennsylvanian age are in contact
with and fill channels scoured into the Osage age
sandstones of interval B. Because the drillers are una-
ble to differentiate between the sandstones from the
two systems in well cuttings, commonly, in this area the
Big Injun is shown to contain considerably more strata
than just the rocks of interval B.

Correlation of units in interval B in northwestern
Pennsylvania is not well established. The Cuyahoga
and part of the Shenango Sandstone in Pennsylvania
appear to be equivalent to similar rocks in northeastern
Ohio (pl. 15, cols. 8, 9). However, the age of the upper
part of the Shenango in parts of northwestern Pen-
nsylvania (parts of Venango and Clarion Counties) is
equivocal. Generally, all the Shenango has been
assigned to the Osage (Weller and others, 1948, chart
5). However, D. A. Busch (in Dickey and others, 1943, p.
149 —154) presented faunal data indicating that the up-
per part of the Shenango may be as young as Chester.
The area has not been intensively studied since Busch
introduced these intriguing data, and the conflicting
age assignments of the upper part of the Shenango
merit a thorough reexamination. The relation of the
Shenango Sandstone of northwestern Pennsylvania to
the Burgoon of western Pennsylvania is not clear. Both
sandstones grade into the thick Big Injun sand in the
subsurface, but the equivalence or nonequivalence of
the two sandstones remains unsettled.

The 2d gas sand of western Pennsylvania, which lies
at the base of interval B (pl. 15), can be traced east into
the thick sandstones of interval A-B; west into Ohio,
where several local names are applied to the discon-
tinuous sheet of sand; and south into West Virginia,
where the 2d gas sand appears to correlate with the
lower part of the Weir sand.

In parts of West Virginia the upper half of interval B
is filled by the coarse-grained Big Injun sand which ap-
pears to be equivalent to some of the Pocono or Price
Formations to the east (pl. 9-B, sec. £—k’, interval B).

However, in a segment of central West Virginia center-
ing in Calhoun and Gilmer Counties (Flowers, 1956, p.
11) the strata of interval B are mainly shale and
siltstone. In this area the drillers’ Big Injun sand is a
calcareous sandstone of Meramec age in the basal part
of interval C rather than an Osage-age sandstone in in-
terval B.

In much of the southern half of West Virginia and in
adjacent eastern Kentucky the drillers recognize one or
more Weir sands in interval B. Correlation of these
sands is somewhat of an enigma. Most probably the
lower or 2d Weir sand is roughly equivalent to the
Hamden sand of Ohio and the 2d gas sand of Penn-
sylvania. The drillers record a Red Injun sand, the sub-
surface part of the Maccrady Shale, at many places in
both southern West Virginia and eastern Kentucky.
The red stratum is a widespread key bed that com-
monly marks the upper limit of interval B in this part of
the basin. Similarly, a thin bed of red shale is reported
locally at or near the top of interval B in part of north-
ern West Virginia and in Monroe and Washington
Counties, Ohio.

In the Valley and Ridge province of eastern Ten-
nessee, interval B consists of the Grainger Formation, a
thick shale and sandstone unit. Elsewhere in the
southern part of the basin, interval B contains the Fort
Payne Chert which generally ranges from bedded chert
to a cherty limestone. However, in north-central Ten-
nessee, Klepser (1937) described the Fort Payne For-
mation as consisting of silty shale, siltstone, and crinoi-
dal limestone, which he named the “Greasy Creek”
facies and applied the name “Short Mountain” facies to
the predominantly chert and carbonate sequence to the
south. Butts (1926, p. 164) described as much as 60 feet
of dark shale in the lower part of the Fort Payne Chert
in northern Alabama, and Charles Cressler (written
commun., 1967) stated that the Fort Payne Chert in
Polk County, Ga., is very impure and contains large
quantities of silt and clay.

UPPER BOUNDARY OF INTERVAL B

Throughout most of the western part of the Ap-
palachian basin carbonate rocks of interval C overlie
either the red beds of the Maccrady Shale or the
sandstone of the Burgoon —Big Injun —Logan sequence
in areas where the Maccrady was not deposited. The
hiatus between the carbonate rocks and the underlying
clastics is least in southwestern Virginia and southern
West Virginia, where a thin sequence of Little Valley
Limestone or Hillsdale Limestone lies on the Maccrady
Shale. The hiatus is greatest in east-central Ohio,
where the Logan Formation is overlain by limestone of
early Chester age (Scatterday, 1963). Pre-Pennsylva-
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nian erosion has removed much of the Mississippian
strata in northeastern Ohio and adjacent Penn-
sylvania, and there basal Pennsylvanian sandstone
rests on the beveled edge of the clastic rocks of interval
B (pl. 9-B, sec. k', interval B).

In the southern part of the Appalachian basin carbo-
nate rocks of interval C generally conformably overlie
the Fort Payne Chert and the Grainger Formation. A
hiatus above interval B is present in Polk County, Ga.,
and in parts of northeast Alabama and northeast
Mississippi, where rocks of early Chester age rest on
the Fort Payne Chert (pl. 15). The upper boundary of
carbonate rocks of interval B, where overlain by
younger carbonate rocks, is generally selected to be
where the chert content decreases markedly.

THICKNESS TRENDS

A linear body of interval B, which is more than 500
feet thick, extends from north-central Ohio (Medina
and Wayne Counties) south across Ohio and West
Virginia to the southern boundary of West Virginia
(McDowell County), where the rocks of interval B
merge into the rocks of interval A-B (pl. 4-A). Interval
B is generally thinner to the east across eastern Ohio
and central West Virginia. However, the thickness of
the interval at the north end of this belt is not due to
original deposition but has been produced largely by
both pre-Chester and pre-Pennsylvanian erosion which
cut deeply into interval B north of the Ohio River. Also,
pre-Pleistocene erosion has removed a considerable
amount of Mississippian rocks in northern Ohio; conse-
quently, thicknesses do not indicate the original
amount of interval B deposited in this area.

Western Pennsylvania is covered by an extensive
sheet of rocks of Osage age, which is thickest adjacent
to the boundary with combined interval A-B. These
strata are the western part of the Pocono delta. A
smaller patch of thick strata in southeastern West
Virginia and eastern Tennessee appears to be a digita-
tion of the Price delta. (See p. 24.) An area of thin inter-
val A-B in north-central West Virginia (Braxton and
Lewis Counties) is associated with the area of very thin
Lower Mississippian (interval A-B) rocks to the east in
Randolph, Upshur, and Webster Counties.

The Fort Payne Chert in east-central Tennessee,
Georgia, Alabama, and Mississippi is a sheet of fairly
uniform thickness, generally 100 —200 feet. It thickens
to more than 300 feet to the south and east in parts of
the Valley and Ridge province of northeastern Ten-
nessee, northwestern Georgia, and east-central
Alabama. The thickest part of interval B in the
southern part of the Appalachian basin is in the Valley
and Ridge province of eastern Tennessee, where the
Grainger Formation is as much as 1,200 feet thick.

LITHOFACIES TRENDS

A west-thinning relatively shale-free wedge of
sandstone covers much of western Pennsylvania (pl. 4-
B). It is thickest and contains the greatest amount of
coarse-grained sand adjacent to the boundary with in-
terval A-B in southern Pennsylvania (Cambria and
Somerset Counties). In northwestern Pennsylvania a
small tongue of conglomeratic sandstone lies in
McKean County adjacent to the New York State line.

In parts of central Ohio the Black Hand Member of
the Cuyahoga, a thick mass of sandy rock, is dominant,
as shown on the lithofacies map. Elsewhere, a thick se-
quence of shale and siltstone in the Cuyahoga accentu-
ates the shale pattern and masks the sandstone of the
overlying Logan Formation (pl. 9-B, sec. g—¢, interval
B). In the subsurface only the thickest sequences of Big
Injun or Weir sands are indicated by sandstone patterns
on the interval B lithofacies map (pl. 4-B) because in
general the rocks of interval B contain sufficient
amounts of siltstone intercalated with the sandstone to
skew the lithofacies patterns to a shale lithofacies sym-
bol. The small area of sandy shale in southern West
Virginia (Mercer County) appears to be the fringe of a
thick mass of sandstone whose center of accumulation
lay to the southeast in Montgomery and Pulaski Coun-
ties, Va.

A sheet of carbonate rock of fairly uniform thick-
ness, the Fort Payne Formation, extends from east-
central Tennessee southwest to east-central Mississip-
pi. A small lobate tongue of shale with some sandstone
extends southeast into the carbonate sequence in
north-central Tennessee. In eastern Tennessee, where
interval B rocks of the Grainger Formation are
preserved in the Valley and Ridge province, the
lithologic composition ranges from shale to shaly
sandstone.

SOURCES AND ENVIRONMENTS

The rocks which make up interval B in northwestern
Pennsylvania and probably some of the strata in the ad-
jacent part of interval A-B had a northern source (pl.
10, fig. 2) in eastern Canada that was roughly similar in
location to the source of the Berea Sandstone and the
Knapp Formation. The Shenango Sandstone is thickest
and coarsest grained in the north. It thins and becomes
finer grained to the south. The Burgoon Member of
the Pocono Formation in central Pennsylvania (Clear-
field County) shows a similar southward decrease of
grain size and thinning (V. E. Sheps, oral commun.,
1965). Evidence of a northern source for the Cuyahoga
and Logan Formations of Ohio is less definite. Ver
Steeg (1947, p. 703—-727) concluded that the Black
Hand Member of the Cuyahoga probably had a north-
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ern source, although depositional structures indicate
local transport of detritus from the east or southeast.

The Pocono Formation of eastern and central Penn-
sylvania and the Price Sandstone of Virginia and West
Virginia were clearly derived from an eastern source.
These strata compose most of interval A-B as well as
large areas of both intervals A and B. The rocks are
coarsest grained and thickest in the east. Beds of coal
and coaly shale intercalated in the finer grained
strata, together with primary sedimentary structures
in these beds, indicate continental accumulation. The
coarser grained rocks, conglomerate and coarse-
grained pebbly sandstone, thin and grade laterally into
finer grained strata containing marine fossils in the
western part of the basin. Although the zone of transi-
tion from continental to marine deposition (pl. 11, fig.
2) is in the subsurface, well cuttings indicate that it lies
not far west of the boundary between interval A-B and
interval B (Pelletier, 1958, p. 1055). The rocks of these
two intervals are part of a large delta complex whose
center lay in southeastern Pennsylvania and whose dis-
tal extremities spread across parts of eastern Ken-
tucky, southeastern Ohio, western Virginia, and north-
eastern Tennessee. The source area of the rocks that
make up the northern part of this delta complex was a
mountainous area (pl. 12, fig. 2) that lay east of a fall
line across northwestern New Jersey, southeastern
Pennsylvania, and eastern Maryland (Pelletier, 1958, p.
1055). By analogy, the rocks of the Price delta, which
make up the south part of the complex, probably had a
source area along the Virginia-North Carolina border
south of Richmond. The small area of predominantly
silty shale and siltstone in interval B in north-central
Tennessee (pl. 4-B) may be a distal remnant of the delta
complex although its source could have been a slightly
positive area to the southwest in the vicinity of the
Nashville dome (fig. 3).

Pelletier (1958, p. 1057) indicated that fluviatile
deposition was dominant on a broad coastal plain west
of the fall line on which coal swamps formed in favora-
ble localities. In the shallow fringing sea high-energy
waves and currents winnowed and sorted sand, silt, and
mud. The large marine fauna in some parts of the
Cuyahoga and Logan of Ohio and the equivalent strata
in eastern Kentucky demonstrate that these rocks ac-
cumulated in a marine environment locally favorable to
a host of invertebrates. The large volume of medium- to
coarse-grained sand and the presence of lenses of peb-
bles in the Big Injun sand of western Pennsylvania and
adjacent northern West Virginia attest to the efficiency
of sorting and transport by the nearshore high-energy
waves and currents. The presence of coal flora and
abundant marine fauna suggests a moderate to warm
benign climate for the basin.

In contrast to the high-energy marine environment
of western Pennsylvania, the well-laminated siltstone
and shale, which make up much of interval B in eastern
Kentucky and north-central and eastern Tennessee,
appear to have accumulated in a lower energy tranquil
environment. The increasing amount of carbonate and
chert in the southwgstern part of the basin in east-
central Tennessee, northwestern Georgia, northern
Alabama, and northeastern Mississippi suggests that
these strata accumulated in a deeper water environ-
ment some distance from the shore of the expanding
delta complex that dominated the eastern part of the
basin during the accumulation of interval B.

Locally, salt, anhydrite, gypsum, and dolomite were
deposited in a small trough around Saltville in parts of
Smyth and Washington Counties, Va. The hypersaline
environment in which these evaporites accumulated
was developed in a local trough as a part of Maccrady
deposition. Cooper (1966, p. 23, 29) has indicated that
folding and faulting during, accumulation of the Mac-
crady were major factors in the localization of the
Saltville deposit. Local tectonic control and evaporation
in a small basin rather than a general arid climate is in-
dicated by the presence of abundant flora and fauna in
lateral equivalents of the Maccrady.

PALEOTECTONIC IMPLICATIONS

The great volume of dominantly coarse grained
clastic rocks that makes up much of interval A-B and
interval B in the northern part of the region indicates
that source areas to the east and north of the Ap-
palachian basin were actively uplifted and eroded dur-
ing much of Early Mississippian time. Progressive
offlap of terrestrial strata over marine rocks and the
restriction of the sea to the western part of the basin
suggest that the sources supplied detritus more rapidly
than the subsiding basin could readily accommodate
them. The widespread sheet of Burgoon —Big In-
jun-Black Hand Sandstone indicates the extent to
which coarse-grained clastics filled the northeastern
part of the basin.

The presence of a sheet of fine-grained clastic, which
occurs at the top of intervals B and A-B in the central
part of the basin and occupies entire interval B in the
south-central part of the basin, suggests a slackening of
the rate at which coarse clastics were being transported
to these parts of the Price-Pocono delta complex, the
southern extremities of which extend into eastern Ten-
nessee. The small area of fine-grained clastics in north-
central Tennessee may be part of the delta complex;
however, it could suggest uplift to the southwest in the
vicinity of the Nashville dome.

Accumulation of coal and shale in the Hedges Shale



28 PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM, PART I

of the Meadow Branch syncline in northeastern West
Virginia also suggests that the south part of the eastern
source area had been considerably degraded by late
Osage time and was no longer capable of producing
much coarse-grained detritus. In contrast the northern
part of this eastern source area continued to supply
coarse-grained clastic debris well into Meramec time.

The thin sequence of Lower Mississippian rocks in
north-central West Virginia (Barbour, Braxton, Lewis,
Randolph, and Webster Counties) (pl. 9-B, sec. i —', in-
terval B) marks a shoal area of little or no deposition
throughout most of the Early Mississippian. Although
surrounded by gray Pocono Sandstone, this area con-
tains only a few tens of feet of Hampshire red beds with
an Early Mississippian marine fauna (Flowers, 1956, p.
8; Dally, 1956, p. 195). Uplift was apparently sufficient
to prevent the accumulation of younger Early and Mid-
dle Mississippian strata. Possibly, this area was uplifted
at about the same time that the Spechty Kopf rocks
were locally folded in the Southern Anthracite basin in
Pennsylvania and at about the same time that the
Mississippian sea retreated from much of the Ohio bay
in the western part of the Appalachian basin (Pepper
and others, 1954, pl. 13E).

A thin sheet of Lower Mississippian rock covers part
of western Allegany County, Md. Although Pocono
Sandstone is present there, it is only about one-third as
thick as in surrounding areas. Possibly, western
Allegany County was an area of some uplift during the
Early Mississippian. The available data are not defini-
tive.

In the southern part of the basin the widespread
sheet of carbonate and chert indicates the presence of a
deeper, better aerated sea than had existed during in-
terval A.

Silt and clay in the Fort Payne Chert in parts of
Mississippi, Alabama, and Georgia suggest the
possiblity of uplift along the southern margin of the sea
during interval B.

The landmass that had extended from Georgia west-
ward into Texas during interval A had probably become
submerged along its northern and western margins and
was now restricted to east Texas, Louisiana, and the
southern parts of Mississippi and Alabama (pl. 12,
fig. 2).

INTERVAL C

FORMATIONS INCLUDED AND STRATIGRAPHIC
RELATIONS

The Little Valley Limestone, which is the oldest rock
of the basal part of interval C (pl. 15, col. 24), is present
in the Greendale syncline of southwestern Virginia and
along the adjacent part of the Allegheny Front in

Virginia and West Virginia (pl. 9-C, secs. f—f", g—g',j—J,
interval C). The limestone, which contains a Warsaw
fauna (Averitt, 1941, p. 17-21), is as much as 500 feet
thick in Scott County, Va., where salt and gypsum are
locally present in the basal part (Cooper, 1966, p. 17).
The Little Valley thins to the southwest along the
Allegheny Front (pl. 9-C, sec. f—f", interval C). Price
(Price and others, 1938, p. 220) reported a similar fauna
from his Maccrady Series in southern West Virginia
(Mercer and Monroe Counties). There Price’s Maccrady
contains a large amount of yellow calcareous mudrock
similar to some beds in the Little Valley of the Green-
dale syncline. These data suggest that some of the Mac-
crady Series of Mercer and Monroe Counties may well
be a Little Valley equivalent.

The dark-gray commonly cherty Hillsdale Limestone
overlies and overlaps the Little Valley Limestone. The
Hillsdale contains a Lithostrotionella fauna (Wells,
1950, p. 901) which suggests correlation with the St.
Louis Limestone of the Mississippi Valley.

The abundantly fossiliferous, commonly oolitic Den-
mar Formation overlies the Hillsdale Limestone in the
Greendale syncline and northeast along the Allegheny
Front (fig. 7) from Cumberland Gap to northern West
Virginia (southern Randolph County) (Butts, 1940b, p.
366 —374; Wells, 1950, p. 918). Throughout its extent in
eastern Kentucky, Virginia, and southern West
Virginia, the Denmar contains the characteristic stem
plates of the crinoid Platycrinites huntsvillae which sug-
gests a correlation with the Ste. Genevieve Limestone
of the Mississippi Valley section. In the subsurface of
eastern Kentucky, southwestern Virginia, and much of
West Virginia, strata equivalent to the Hillsdale and
Denmar make up the lower part of the well drillers’ Big
Lime, the lower part of the Greenbrier Limestone of
Virginia, or the Greenbrier Group of West Virginia.
Locally, small amounts of anhydrite are intercalated in
the basal part of the Greenbrier, and some oolite zones
are productive of gas and oil (Youse, 1964, p. 465 —486).
In part of central West Virginia in and near Calhoun
County, the basal part of the Greenbrier is a calcareous
sandstone which yields oil and gas. Although well
drillers included these petroliferous sandy rocks in
their Big Injun sand, sample studies clearly indicate
that the sandy strata are a facies of the Greenbrier
Limestone (Martens, 1945; Flowers, 1956, p. 11). In this
area the drillers’ Big Injun is excessively thick, and the
overlying Big lime is correspondingly thinner than nor-
mal.

In southwestern Pennsylvania, western Maryland,
southeastern Ohio, and northern West Virginia, the
Loyalhanna Limestone constitutes the strata of inter-
val C (pl. 9-C, secs. f—f', h—h’, interval C). At some
places the Loyalhanna is a calcareous sandstone;
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FIGURE 7. — Overlap of Meramec carbonate units (brick pattern) northward along the Allegheny Front in eastern West Virginia. No vertical
scale. Adapted from data by Wells (1950) and Dally (1956).

whereas at other places it is a sandy limestone. In parts
of southeastern Ohio (parts of Monroe and Washington
Counties), the drillers’ Lime sand, which is locally
petroliferous, appears to be an equivalent of the
Loyalhanna of Pennsylvania. The Loyalhanna
Limestone is of Meramec age and is an equivalent of
the Ste. Genevieve Limestone (Butts, 1945, p. 13 -14;
Adams, 1964).

Adams (1964) stated that the Trough Creek
Limestone, which consists of as much as 25 feet of
limestone and intercalated reddish-gray shale in the
Broad Top basin, is an eastern nonsandy part of the
Loyalhanna and is of Meramec age. Previously, the
Trough Creek was considered the basal member of the
Mauch Chunk Formation and of Chester age (Butts,
1945, p. 14). The absence of fossils above the Trough
Creek precludes determining how much of the overly-
ing 1,000 feet of Mauch Chunk may also be of Meramec
age. To the south in the Meadow Branch syncline, Read
(1955, p. 11) correlated the 800 —900 feet of red Myers
Shale with the Mauch Chunk. Again the absence of
fossils precludes determining how much, if any, of the
Myers Shale belongs in interval C. Presumably, a small
thickness of the basal Myers is equivalent to the
Meramec age Mauch Chunk of the Broad Top basin.

In parts of the Anthracite region the basal 300 -500
feet of the Mauch Chunk Formation contains intercala-
tions of light-gray conglomeratic sandstones similar in
lithology to the underlying Pocono Formation. Because
this sequence of beds appears to be transitional with
the Pocono Formation and occurs closely above beds
containing an Osage age Triphyllopteris flora (Read and
Mamay, 1964, p. K5), we tentatively assign them a
Meramec age and place them in interval C.

D. A. Busch (in Dickey and others, 1943, p. 149 —154)
suggested that the upper part of the Shenango
Sandstone of northwestern Pennsylvania (Venango
and Clarion Counties) is younger than Osage and may
be of Meramec or Chester age. Some of the Shenango is
shown on the lithofacies map of interval C (pl. 5-B)
although its relationships to the Loyalhanna are
unresolved.

In east-central Ohio the basal part of the Maxville
Limestone is of St. Louis age and is the only part of the
formation that falls in interval C (Scatterday, 1963);
the Ste. Genevieve equivalent is absent owing to non-
deposition. Scatterday has shown that most of the Max-
ville is of Chester age and belongs in interval D.

Throughout most of the southern part of the Ap-
palachian basin in eastern Tennessee, northeastern
Alabama, and northwestern Georgia the formations
that make up interval C are, from oldest to youngest:
Warsaw Limestone, St. Louis Limestone, and Ste.
Genevieve Limestone. In eastern Tennessee, Subdivi-
sions I, I1, and III of the Monteagle Limestone (Stearns,
1963) are equivalent to the Ste. Genevieve Limestone of
uppermost interval C. In parts of northwestern Georgia
and northeastern Alabama interval C is represented by
the lower part of the Floyd Shale, and in northern
Alabama and Mississippi interval C is represented by
the Tuscumbia Limestone which is of early and middle
Meramec age. The Tuscumbia is separated from
Chester age rocks or interval D by an unconformity
(Welch, 1959).

The Warsaw and St. Louis Limestones are generally
dark- to light-gray thick-bedded coarsely crystalline
crinoidal cherty limestones and are lithologically very
similar. Butts (1926, p. 175) reported that the St. Louis
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Limestone in Alabama and Tennessee contains layers
of fine-grained dark limestone unlike any rock in the
underlying Warsaw. Results of this study showed the
basal part of the Warsaw to be sandy and shaly in some
localities.

Smith (1967, p. 40) described the Tuscumbia
Limestone as a medium- to thick-bedded, crinoidal,
cherty limestone which in western Alabama is slighty
asphaltic and rarely contains scattered thin partings of
pale-green calcareous shale. He further stated that
although two divisions, Warsaw and St. Louis
Limestone, have been suggested (Butts, 1926) for the
Tuscumbia, megascopically there is little lithologic
difference between the upper and lower parts, and most
workers see little reason for the divisions. Thin sections
do reveal subtle difference between the strata in the
two parts of the formation.

The Ste. Genevieve Limestone is lighter gray and
although in places is quite cherty it is generally less so
than the underlying Tuscumbia or St. Louis Limestone.
It is porous, fossil fragmental, and generally oolitic, and
it contains some interbedded nonoolitic limestone. The
lower three subdivisions of the Monteagle Limestone,
which are correlated with the Ste. Genevieve, consist of
light-gray fine- to medium-grained fossil-fragmental
oolitic cherty limestone containing minor amounts of
slit and shale.

In Polk County, Ga., interval C was not recognized,
and the Floyd Shale of Chester age rests on the Fort
Payne Chert (C. Cressler, written commun., 1967).

UPPER BOUNDARY OF INTERVAL C

In outcrop, from eastern West Virginia (Pocahontas
County) south along the Allegheny Front and along
Pine Mountain to Jellico Gap, Tenn., the top of interval
C is the base of the Taggard Formation of Wells (1950,
p. 916), which is also the Taggard Red Member of the
Greenbrier Formation (Wilpolt and Marden, 1959, p.
594). The Taggard ranges in thickness from a few in-
ches to 40 feet and is a sequence of red and yellow shale
and intercalated silicious reddish-gray limestone. The
red beds can be seen in outcrop; however, because they
cannot be identified with certainty in the subsurface or
may be missing in much of southwestern West Virginia
and adjacent eastern Kentucky, the top of interval C is
drawn more or less arbitrarily in the subsurface at the
main change from light-gray or white limestone below
to light-brown limestone above. Locally, in the subsur-
face of eastern Kentucky, a bed of limestone con-
glomerate is closely associated with the zone of color
change. If this conglomeratic bed is the equivalent of
the Bryantsville Breccia Bed of the Greenbrier in out-
crops along the east side of the Cincinnati arch
(McFarlan and Walker, 1956, p. 10), the boundary

based on color change closely approximates the
Meramec-Chester boundary as determined by paleon-
tologic and other sedimentary criteria.

In northern West Virginia, western Maryland, and
southwestern Pennsylvania, the upper boundary of in-
terval C is customarily drawn at the top of the sandy
Loyalhanna Limestone (pl. 9-C, secs. f—f", h—h', j—j’, in-
terval C). The change from sandy to nonsandy
limestone is abrupt, and at some places a tongue of red
Mauch Chunk Shale separates the Loyalhanna of
Meramec age from the nonsandy Deer Valley Limestone
Member of the Mauch Chunk of Chester age. In
southeastern Ohio, the top of interval C appears to be
the top of the drillers’ Lime sand, which is overlain by a
sequence of nonsandy-limestone at some places. In east-
central Ohio an unconformity at the top of the St. Louis
part of the Maxville Limestone marks the top of inter-
val C. Locally, the St. Louis part has been removed by
an episode of Late Meramec erosion, and the Chester
part of the Maxville rests upon the upper part of the
Logan Formation (Osage) (Scatterday, 1963). The Ste.
Genevieve equivalent, which is missing in east-central
Ohio, is present in southernmost Ohio (Lawrence Coun-
ty) and in the adjacent part of eastern Kentucky.
There, the top of the Meramec limestone sequence is an
oolitic sandy limestone that underlies the Bryantsville
Breccia Bed (McFarlan and Walker, 1956, p. 35).

Because widespread key beds are not present near
the top of interval C in much of the subsurface Ap-
palachian basin, delimiting the top of the interval is
necessarily subjective and arbitrary. In much of the
subsurface of central and east-central West Virginia
and parts of eastern Kentucky, deposition appears to
have been continuous from Meramec to Chester. In this
part of the basin, subdivision of the Meramec-Chester
carbonate sequence is accomplished in part by splitting
the stratigraphic sequence at the base of the main mass
of brownish-gray or brown limestene, close to the boun-
dary between the Denmar Formation (Ste. Genevieve)
and the younger Pickaway Limestone (Girkin), and in
part by projecting intervals from adjacent outcrops
where lithologic and paleontologic criteria permit
delineation of the Meramec-Chester boundary.

In Mississippi and Alabama where the Pride Moun-
tain Formation or Floyd Shale of Chester age rests on
the Tuscumbia Limestone, the top of interval C is
placed at the top of the massive gray limestone which
forms the Tuscumbia and provides a distinct upper
boundary. However, throughout the rest of the
southern part of the Appalachian basin the upper boun-
dary is extremely difficult to select. Where the bound-
ary falls within the Monteagle Limestone or between
the Ste. Genevieve Limestone below and the Girkin For-
mation above (pl. 15), it is placed at the top of the lower-
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most oolitic limestone. Where no oolite is present or
where the boundary falls within the Floyd Shale, its
location is arbitrdry.

THICKNESS TRENDS

The isopach (pl. 5-A) shows two areas of thick strata
in the Valley and Ridge province that grade west into a
broad sheet of relatively thin rocks underlying the Ap-
palachian Plateaus province. The greatest thickness of
interval C, more than 2,600 feet, occupies the Green-
dale syncline and impinges on the Allegheny Front in
Mercer County, W. Va.

From the southern end of the Greendale syncline,
where interval C is nearly 900 feet thick, southwest-
ward in the Valley and Ridge province rocks of interval
C thin progressively to zero in east-central Alabama.
The absence of interval C rocks in this area is probably
due to pre-Chester erosion, but the area may also be
very near the limit of deposition.

Interval C may be as much as 500 feet thick in the
Southern Anthracite basin; however, the thickness is
suppositional because the data are much less conclusive
there than in the Greendale syncline. Throughout the
Appalachian Plateaus province the limestones of inter-
val C are relatively thin and rarely exceed a thickness
of 150 feet except along the Allegheny Front. The digi-
tate pattern of the zero line in western Pennsylvania
and eastern Ohio is in part depositional but is more the
result of pre-Pennsylvanian erosion in Pennsylvania
and a combination of pre-Chester and pre-Pennsylva-
nian erosion in Ohio. The zero area in the vicinity of
Randolph County, W. Va., appears to be the result of
nondeposition during Meramec time rather than post-
Meramec erosion (pl. 10, fig. 3).

In the southern part of the Appalachian Plateaus
province interval C reaches a maximum thickness of
about 550 feet in northeastern Tennessee. The zero line
along the eastern highland rim represents recent ero-
sion; whereas the zero line in northeast Mississippi is
probably a result of pre-Chester erosion (Welch, 1959).

LITHOFACIES TRENDS

Shaly and sandy clastic strata cover much of the
Anthracite basins, the Broad Top basin of Penn-
sylvania, and the Meadow Branch syncline of West
Virginia. Scant data indicate that the greatest quantity
of coarse-grained clastics is concentrated in Carbon and
Schuylkill Counties, Pa., in the eastern and middle
parts of the Southern Anthracite basin.

A broad tongue of calcareous sandstone and sandy
limestone, which extends from central Pennsylvania
west to the Ohio River in south-central Ohio, dominates
the north part of the Appalachian basin (pl. 5-B; pl. 9-C,
sec. h—H, interval C). Crossbedded calcareous sand-

stone makes up interval C in south-central Penn-
sylvania, whereas the equivalent strata are predomi-
nantly sandy oolitic limestone in southern Ohio and the
adjacent part of northeastern Kentucky. Belts of purer
carbonate strata lie northwest and south of the tongue
of sandy rock. Within the blanket of limestone in
eastern Kentucky, southwestern Virginia, and West
Virginia are many zones of porous oolite, some of which
are productive of oil or gas. The long axes of many of
these oolitic zones are roughly parallel to the axis of the
basin, and the zones appear to thin westward updip
against less porous and less permeable strata along a
shoreline rimming the eastern edge of the Cincinnati
arch, which was emergent during the early Meramec
(Youse, 1964, p. 484).

A linear body of argillaceous and sandy carbonate
rock covers the northern part of the Greendale syn-
cline, Mississippian outliers to the northeast in the
Valley and Ridge province, and the edge of the
Allegheny Front in southeastern West Virginia
(Mercer and Monroe Counties). These rocks contain the
largest amount of quartzose clastics in Montgomery
and Pulaski Counties, Va., and grade into a thick se-
quence of dominantly carbonate rocks south along the
axis of the Greendale syncline.

Southwest of the Greendale syncline a narrow strip
of sandy carbonate rock runs northwesterly through
the predominantly carbonate sequence of interval C in
that part of the Appalachian Plateaus, and shale and
sandstone are present in the lower part of interval Cin
east-central Tennessee. In southeastern Tennessee and
northwestern Georgia shaly and sandy carbonate rocks
are present in outliers in the southern Valley and Ridge
province, whereas throughout the remainder of the
southern part of the Appalachian basin interval C is
represented by a sheet of relatively pure carbonate rock
locally containing some chert.

SOURCES AND ENVIRONMENTS

The sources of the carbonate rocks of interval C lie
within the basin of accumulation. Beds of fragmented
fossils, oolite, and pellitoid limestone are indicative of
high-energy depositional environments common to the
shallow neritic and sublittoral zones. In contrast, beds
of calcilutite, which are commonly intercalated with the
calcarenite, formed from fine carbonate muds which
were winnowed from the high-energy environments
and which accumulated in the lower energy environ-
ments either in deeper water, shallow protected bays,
and lagoons, or on mud flats. Local beds of anhydrite in
the basal part of the interval, exclusive of the Saltville
area of southwest Virginia, probably accumulated in a
hypersaline environment in lagoons associated with
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offshore bars along the edge of the shallow Meramec
Sea.

The Canadian Shield north and northwest of the Ap-
palachian basin appears to have been the source of
most of the quartz sand in the Loyalhanna Limestone of
southwestern Pennsylvania and contiguous parts of
Maryland, Ohio, and West Virginia (Rittenhouse, 1949,
p-1722; Adams, 1964). Apparently, the pattern of sand-
transporting currents in the Appalachian basin was
more complex than heretofore realized. Adams showed
that most of the quartz sand in the Loyalhanna was in-
troduced into the basin of deposition from the north and
spread to the east and northeast along the axis of the
basin from western Pennsylvania into central Penn-
sylvania as well as being spread to the southwest into
Ohio and West Virginia. Small amounts of quartz sand
and silt were derived from an eastern source and were
deposited in a relatively high-energy environment in
north-central West Virginia adjacent to the zero-sedi-
ment area of Randolph County. Sandstone and shale in
the lower part of the Mauch Chunk Formation in the
Anthracite basins of Pennsylvania and in the Stroubles
Formation of southwestern Virginia indicate that the
eastern source areas were still undergoing erosion. The
clastic material present in interval C in east-central
Tennessee and northwestern Georgia is also presuma-
bly derived from the eastern source area, although the
sand and shale in the lower part of interval C in east-
central Tennessee could have been derived from a
source area in the vicinity of the Nashville dome.

In the Greendale syncline the Little Valley
Limestone contains discrete beds of sandstone intercal-
ated in the shaly limestone in the lower part of the for-
mation as well as local accumulations of salt and gyp-
sum in the immediate vicinity of Saltville, Va. In
general, the Little Valley is more argillaceous than the
overlying Hillsdale Limestone and Denmar Formation,
although all three units show intercalation of
calcareous sandstone and shale in the thick geo-
synclinal accumulation preserved in the Greendale syn-
cline (pl. 10, fig. 3). Widespread and abundant beds of
oolite and fragmented fossils are characteristic of the
thinner shelf deposits to the northwest of the
Allegheny Front. These beds are indicative of a high-
energy environment of deposition in a shallow sea
populated by an abundant fauna (pl. 11, fig. 3). Youse
(1964, p. 473 -474) suggested that the Greenbrier sea
in which these strata were deposited was shallow with
sufficient wave and current energy to form oolites and
to spread them as sheet deposits of considerable lateral
extent. He also suggested that relatively slow subsi-
dence of the sea floor permitted the formation of abun-
dant oolites in the high-energy environment and that
these particles were moved about into fringing bars and

beaches. The beds of oolite in the upper part of interval
C in the shelf segment are commonly less porous and
less well sorted than are those in the lower part of the
interval. Most probably, the increase of intergrain ce-
ment resulted from a less complete winnowing of the
oolites in a deeper water lower energy environment.

Apparently, the shelf-sea environment extended
over most of the western part of the Appalachian basin
during part of interval C time. The sandy limestone of
Meramec age in southeast Ohio probably represents a
higher energy environment than the finer grained
slightly dolomitic limestone in the basal part of the
Maxville Limestone of central Ohio. The absence of ter-
rigenous clastics in the Maxville of central Ohio indi-
cates that the sea was open for some distance to the
north of the present outcrops.

In the southern part of the Appalachian Plateaus
province the Warsaw, St. Louis, and Tuscumbia
Limestones of early and middle Meramec age are com-
posed of relatively pure well-indurated cherty fine to
coarsely crystalline crinoidal carbonate. The Warsaw
Limestone is sandy and shaly in the lower part at some
localities. Probably, these limestones were deposited in
open sea, although bioclastic elements within the
limestones suggest that the sediments were subjected,
periodically at least, to some wave and current action.

The late Meramec —Ste. Genevieve and lower part of
the Monteagle Limestone are oolitic fossil fragmental
limestones and may be shaly or silty in part. These
limestones were probably deposited in a somewhat
shallower high-energy marine shelf environment.

PALEOTECTONIC IMPLICATIONS

The presence of a thick sequence of dominantly
clastic carbonate rocks of Meramec age in much of the
geosynclinal segment of the Appalachian basin indi-
cates that the bordering lands, particularly those adja-
cent to the southern half of the basin, had been reduced
to areas of low relief in which chemical erosion was
dominant (pl. 12, fig. 3). As a result of the state of rela-
tive tectonic tranquility, the rate of geosynclinal subsi-
dence (pl. 10, fig. 3) considerably exceeded the rate of
supply of terrigenous detritus, as demonstrated by the
sporadic occurrence of thin sheets of noncarbonate
shale and sandstone in the thick sequence of limestone
in the geosynclinal segment of the basin and by the vir-
tual absence of noncarbonate rocks in much of the shelf
segment of the basin. The southern borderland had
retreated only slightly southward and still occupied
much the same position it had during interval B (pl. 12,
figs. 2, 3).

In contrast to the relative inactivity in the southern
borderlands, areas adjacent to the northern half of the
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Appalachian basin continued to be elevated and eroded
but at a decreasing rate as indicated by the smaller
volume of clastic detritus that was trapped mainly on
the eastern side of the growing geosynclinal segment of
the basin. The rate of sedimentation was insufficient to
keep the geosynclinal segment dry in southern
Virginia, and the presence of marine fossils in the up-
per part of the Stroubles Formation in the Blacksburg-
Pulaski synclinorium demonstrates that the sea even-
tually flooded the site of the foundered Price delta. Ap-
parently, uplift was greater to the northeast and a
larger quantity of detritus was produced because much
of the red beds of the Mauch Chunk Formation in the
Anthracite basins of eastern Pennsylvania was
deposited subaerially.

Slow subsidence of the northern part of the basin
was halted during the closing half of Meramec time by
uplift to the north in eastern Canada. Rejuvenation of
this source area released a flood of coarse-grained
quartzose detritus which was swept south along the
steepened paleoslope and poured into the northernend
of the shallow sea that covered much of the Ap-
palachian basin. Adams (1964) demonstrated that the
bulk of the sand in the Loyalhanna Limestone was
derived from a northern source. Scatterday (1963) has
shown that during the late Meramec the recently inun-
dated coastal plain in central Ohio was upwarped and
subjected to a subaerial episode of shallow channel cut-
ting. This gentle uplift, which may have been related to
the more vigorous uplift in Canada, was sufficient to
prevent the accumulation of Loyalhanna detritus in the
central part of the State, although a belt of sandy
limestone was deposited in the shallow high-energy sea
in southern Ohio.

Subsidence of the geosynclinal segment of the Ap-
palachian basin had relatively little effect upon the
shoal or island that lay in east-central West Virginia
(Randolph County). This area remained sufficiently
positive during Meramec time to act as a barrier
against the southward migration of sandy detritus from
northern sources, and it blocked transportation of ter-
rigenous clastics into the shallow sea in southern West
Virginia.

INTERVAL D

FORMATIONS INCLUDED AND STRATIGRAPHIC
RELATIONS

Interval D in eastern Kentucky, western Virginia,
and much of West Virginia is divisible into a lower
limestone and calcareous shale sequence and an upper
sandstone, siltstone, and variegated shale sequence (pl.
9-D, secs. e—e’, c—c’, b-b’', interval D). The name
Greenbrier has long been used for the calcareous part
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of the sequence in West Virginia and Virginia (pl. 15),
although, as generally applied, the Greenbrier includes
the calcareous strata of interval C as well (Wilpolt and
Marden, 1959, p. 593). Butts (1940b, p. 374) introduced
the name Gasper for the Chester part of the Greenbrier
Limestone in Virginia, and the name has been used
widely in Virginia, part of West Virginia, eastern Ten-
nessee, northwestern Georgia, and northeastern
Alabama. However, in parts of West Virginia the
Greenbrier is treated as a series composed of many
local units (Reger, 1916; Price and others, 1939, p. 267;
Wells, 1950, p. 917). (See table 1.) Recently, the name
Gasper has been abandoned at the type area in Ken-
tucky and has been replaced by the name Girkin
(Rainey, 1963). The change in nomenclature is followed
here (pl. 15).

In east-central Tennessee the name Monteagle
Limestone has been applied (Vail, 1959; Stearns, 1963)
to uppermost interval C, the Ste. Genevieve Limestone,
and to lowermost interval D, the Girkin Formation,
however, in northwestern Alabama and northern
Mississippi rocks equivalent to the Girkin Formation
have been named the Pride Mountain Formation, a se-
quence of several shale, limestone, and sandstone mem-
bers (Welch, 1958). In northeastern Alabama, north-
western Georgia, and the subsurface of northeastern
Mississippi, part of the Floyd Shale is equivalent to the
Girkin Formation. Overlying the Girkin or its
equivalents throughout Tennessee, Georgia, Alabama,
and Mississippi are, in ascending order: the Golconda
Formation locally, the Hartselle Sandstone, Bangor
Limestone, and Pennington Formation. In parts of
northeastern Alabama the upper part of the Floyd
Shale occupies all interval D and in parts of the subsur-
face of northeastern Mississippi the Floyd Shale oc-
cupies all interval D below the Pennington Formation.

Throughout much of southern West Virginia along
the Allegheny Front and in adjacent Virginia, the lower
part of the Girkin Limestone is replaced by a sequence
of red rocks — namely, the Taggard Formation of Wells
(1950, p. 904) or the Taggard Red Member of the
Greenbrier Limestone of Wilpolt and Marden (1959, p.
594). Unfortunately, this unit cannot be recognized
with certainty in the subsurface where it would be most
useful for delimiting the boundary between Meramec
and Chester rocks.

In the Greendale syncline the Girkin Limestone is
overlain by the red Fido Sandstone (Butts, 1927), and
the Fido is overlain by the Cove Creek Limestone
(Butts, 1927, p. 16), which is considerably more
argillaceous than the Girkin Limestone. Along the
Allegheny Front to the northwest of the Greendale syn-
cline the Girkin underlies a lateral equivalent of the
Cove Creek, the Bluefield Formation, which is com-
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posed of argillaceous limestone and calcareous shale. A
heterogeneous sequence of sandstone, siltstone, and
variegated shale overlies both the Cove Creek
Limestone and the Bluefield Formation. These clastic

TABLE 1.— Stratigraphic units assigned to‘interval D in parts of West
Virginia and Kentucky

[Shaded areas indicate beds are missing]
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rocks, which compose the bulk of interval D in the
central part of the basin, make up the Pennington
Group (Wilpolt and Marden, 1959, p. 598). In ascending
order the units in the group are the Hinton Formation,
Princeton Sandstone, and Bluestone Formation (pl. 15,
cols. 20, 23, 25). Locally, members are recognized in
some of the formations. In the Greendale syncline the
Princeton has not been recognized and the Pennington
is treated as a formation (Averitt, 1941, p. 11 -14). Re-
cent work by Englund (1964, p. B32; Englund and
DeLaney, 1966, p. D50) demonstrated that the Pen-
nington interfingers with the orthoquartzitic Lee For-
mation in southwestern Virginia and that in Lee Coun-
ty some of the Lee Formation is of Chester age. Thus, an
undetermined thickness of the Lee belongs in interval
D but has been excluded from the interval in this study
because of the impossibility of locating, using existing
criteria, the Mississippian-Pennsylvanian contact with-
in the formation.

The Girkin Limestone, which may be all or just the
upper part of the well drillers’ Big lime, is present in the
subsurface of eastern Kentucky, southeastern Ohio,
southwestern Pennsylvania, and West Virginia. Along
the Allegheny Front in northern West Virginia, Mary-
land, and southern Pennsylvania, the Girkin Limestone
thins and interfingers with red shale of the Mauch
Chunk Formation. The Mauch Chunk is equivalent to
some of the limestone of Meramec age, the Girkin, and
the Pennington. In general the Mauch Chunk contains
more red shale and less sandstone than does its
southern equivalents. In southern Pennsylvania two
thin tongues of limestone are present in the Mauch
Chunk. The Deer Valley Limestone Member (Flint, 1965,
p. 41) lies at the base of the red bed sequence and is
locally separated from the younger Greenbrier
Limestone Member by a tongue of red and purplish-red
silty shale. The Greenbrier Member has recently been
renamed the Wymps Gap Limestone by Flint (1965, p.
46). Flint demonstrated that these two limestones are
north-projecting tongues from the main body of the
Greenbrier (Girkin) Limestone of West Virginia.

The Mauch Chunk (Lesley, 1876, p. 221 —222) For-
mation is thickest and contains much coarse-grained
clastic rock in the vicinity of the Anthracite basins of
Pennsylvania. The formation is about 5,000 feet thick
in the Southern Anthracite basin (Dauphin County)
and thins to the east, north, and west. It commonly con-
tains a larger percentage of shale in the western part of
Pennsylvania than at the type locality, Jim Thorpe, Car-
bon County, in eastern Pennsylvania. The Myers Shale
of the Meadow Branch syncline has been correlated by
Read (1955, p. 10—11) with the Mauch Chunk of Pen-
nsylvania. The Myers is also a red-bed unit in which red
shale is intercalated with red and gray sandstone.
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Clastic strata of Chester age are not present in Ohio.
However, as much as 80 feet of Chester-age Maxville
Limestone is present locally. Scatterday (1963) has in-
dicated that most of the Maxville in central Ohio is of
Chester age, whereas in southern Ohio in the vicinity of
Ironton, Lawrence County, more than half of the thick-
ness of the Maxuville is of Meramec age. The drillers’ Big
lime of southeastern Ohio is probably equivalent to the
Loyalhanna Limestone and Greenbrier (Girkin)
Limestone of southwestern Pennsylvania and northern
West Virginia. The Lime sand part of the Big lime ap-
pears to be the Loyalhanna equivalent; whereas the
overlying nonsandy limestone is the Girkin equivalent.

Throughout the subsurface of eastern Kentucky, as
in much of West Virginia, the rocks composing interval
D can be generally divided into limestone below and
heterogeneous clastics above. The limestone, which
forms the upper half of the drillers’ Big lime, is
equivalent to the several Chester limestones exposed
along the eastern side of the Cincinnati arch in east-
central Kentucky (McFarlan and Walker, 1956). The
overlying sequence of clastic rocks is commonly called
Pennington, and less frequently Mauch Chunk. The
Pennington consists of several zones of lenticular
sandstone intercalated in variegated shale and
siltstone. The well drillers have given the names
Bradley, Maxton, and Salt sands to these lenticular
sandstones. Because of intertonguing in the clastic se-
quence and deposition of similar-appearing sandstones
in scour channels of Early Pennsylvanian age, these in-
formally named sands can only be roughly correlated.
At some places (as shown on pl. 15, cols. 17, 19, 26) the
drillers’ Maxton and Salt sands are of Mississippian age;
at other places the same names have been applied to
sands of Pennsylvanian age. Detailed examination of
drill cuttings will commonly resolve the age of the
drillers’ Bradley, Maxton, and Salt sands. In general the
units in the lower part of the Pennington appear to
have greater lateral extent than do those in the upper
part. Several relatively thin units, the Reynolds
Limestone and the Webster Springs Sandstone (Flowers,
1956), for example, have been traced widely in the sub-
surface of southern West Virginia and adjacent Ken-
tucky.

UPPER BOUNDARY OF INTERVAL D

In the vicinity of the Southern and Middle
Anthracite basins the red beds in the upper part of the
Mauch Chunk Formation intertongue with basal con-
glomeratic sandstones of the Pottsville Formation in a
transition zone 300 —600 feet thick (Wood and others,
1962, p. C39). At Pottsville on the south side of the
Southern basin, the systemic boundary is at the base of
the Tumbling Run Member, the basal unit of the Potts-

ville Formation; at Upper Lehigh in the eastern Middle
Anthracite basin, however, the basal beds of the Tum-
bling Run Member are younger and the systemic boun-
dary lies in the upper part of the Mauch Chunk (Wood
and others, 1962, p. C39). The Mauch Chunk thins
markedly to the north across the southern part of the
Northern Anthracite basin from more than 1,000 feet
south of Wilkes-Barre to a featheredge in the vicinity of
Pittston about 10 miles to the northeast. Data are in-
sufficient to determine if the abrupt thinning of the
Mauch Chunk is due simply to deposition or is a com-
bination of deposition. and pre-Pennsylvanian erosion.
Considering that Pre-Pennsylvanian erosion has cut
down into the Upper Devonian rocks at the north end of
the Northern Anthracite basin about 20 miles farther
to the northeast, some Mauch Chunk was probably
removed by pre-Pennsylvanian erosion in the area be-
tween Wilkes-Barre and Pittston. Inasmuch as all the
Mauch Chunk is included in the Mississippian in this
report, the Pottsville is shown (pl. 15) as the overlying
unit throughout the Anthracite basins.

Similarly, Mississippian and Pennsylvanian rocks
are transitional and intertongue in exposures along the
Allegheny Front from Mercer County, W. Va., south to
Cumberland Gap. In Tazewell County, Va., rocks of the
Bluestone Formation of the Pennington Group inter-
tongue with strata of the overlying Pocahontas Forma-
tion, the basal unit in the Pottsville Group in this area
(Englund and DeLaney, 1966, p. D51). The position of
the systemic boundary must be determined from the
contained floras, because deposition was continuous
across the boundary. To the southwest in the vicinity of
Cumberland Gap, Englund (1964, p. B31; Englund and
DeLaney, 1966, p. D50) demonstrated that the Pen-
nington Formation intertongues with the overlying Lee
Formation which is of Mississippian age in the basal
part. The systemic boundary lies within the coarse-
grained conglomeratic Lee Formation. Previously, the
basal bed of the Lee had been used to delimit the Mis-
sissippian-Pennsylvanian boundary, and a hiatus
equivalent to the Bluestone Formation was assumed to
be represented by an unconformity at the base of the
Lee Formation in extreme southwestern Virginia
(Butts, 1940b, p. 407). Englund’s work has shown,
however, that the lower part of the Lee intertongues
with the Bluestone along the Allegheny Front north-
east from Cumberland Gap, and the hiatus is nonexis-
tent. The specific placement of the systemic boundary
within the coarse-grained Lee Formation is uncertain,
and the top of interval D is arbitrarily placed at the only
practical lithologic subdivision, the base of the Lee For-
mation.

In parts of northeast Alabama the Parkwood Forma-
tion, the base of which in this report is used as the ar-
bitrary top of interval D, is of transitional Mississip-
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pian-Pennsylvanian age and is apparently conformable
with the Pennington Formation or the Floyd Shale, de-
pending on which unit it overlies (Weller and others,
1948; Rothrock, 1949).

In contrast to these three areas where the sequence
is conformable, the systemic boundary is an unconfor-
mity along the Allegheny Front from southern West
Virginia (Mercer County) north to north-central Penn-
sylvania (Lycoming County), in the northwestern part
of the Pennsylvania Anthracite region, and from Cum-
berland Gap south to northeastern Mississippi.
Throughout the southern part of the Appalachian basin
from northeastern Tennessee to northern Mississippi,
the hiatus is approximately equivalent to the upper
part of the Pennington Group or the Bluestone Forma-
tion of eastern Kentucky. In this area the upper part of
the Lee Formation (Tennessee) and the Pottsville
Group or Formation (Georgia, Alabama, and Mississip-
pi) of Pennsylvanian age overlie the lower part of the
Pennington Formation with erosional unconformity. In
the northern half of the Appalachian basin the mag-
nitude of the hiatus increases northward from Mercer
County, W. Va., where rocks of the Pocahontas Forma-
tion (Pottsville Group) are unconformable on beds in
the middle of the Bluestone Formation (Pennington
Group) (Thomas, 1966, p. 489). In Somerset County,
Pa., the Sharon Sandstone of Flint (1965, p. 54), which
is equivalent to the upper part of the New River Forma-
tion (Pottsville Group) of West Virginia, overlies red
beds in the Mauch Chunk. The hiatus in southern
Pennsylvania is equivalent to the Pocahontas Forma-
tion and much of the overlying New River Formation of
the Pottsville Group of West Virginia, and to the Tum-
bling Run Member of the Pottsville Formation of the
Antracite basins.

Pre-Pennsylvanian erosion beveled Mississippian
strata along the northern and western edges of the Ap-
palachian basin (pl. 9-C, secs. f—f", h—h’, interval C).
The Mauch Chunk was cut away north of a south-
westerly trending line through Pennsylvania (north of
a line between Lackawanna, Lycoming, and Allegheny
Counties). The relief on the unconformity increases to
the north inasmuch as older Mississippian units were
removed, and in the southern part of Allegany and Cat-
taraugus Counties, N.Y. the basal Pennsylvanian
Olean Conglomerate rests directly upon Upper Devo-
nian rocks.

Patches of Chester carbonate rocks are present
locally below Pennsylvanian-age sandstone in eastern
and southern Ohio (pl. 6-A). Relief on the extensive pre-
Pennsylvanian unconformity increases in magnitude to
the north, and, locally, in northern Ohio the Sharon
Conglomerate rests on the top of the Sunbury Shale (pl.
9-D, sec b—b', interval D). In the subsurface of Boyd and
Greenup Counties in northeastern Kentucky, the Lee

Sandstone is locally absent, and Osage- or Chester-age
shales are overlain disconformably by similar-appear-
ing shale of Early Pennsylvanian age. In this area the
hiatus is masked by the similar lithologies, and the
systemic boundary cannot be precisely located.

The stratigraphic relations in the subsurface of
eastern Kentucky are similar to those in West Virginia.
Near the Allegheny Front in southeastern Kentucky
the massive Lee Formation is thick, and the base of the
oldest “Lee” type sandstone is commonly and ar-
bitrarily selected as the boundary between systems,
although some of the massive sandstone may well be of
Late Mississippian age. To the north and west, where
pre-Pennsylvanian erosion has produced a marked
hiatus, the basal Pennsylvanian sandstone can be iden-
tified with considerable certainty at places where it
rests on variegated shale in the Pennington. However,
at many places the Pennsylvanian sandstone fills chan-
nels scoured in only slightly less coarse-grained
sandstone in the Pennington, and delimiting the
systemic boundary becomes an arbitrary choice.

From northeastern Tennessee southward through-
out most of the southern part of the Appalachian basin
the top of interval D is placed at the top of the Pen-
nington Formation and is generally marked by a
change from varicolored shale and interbedded
limestone below to sandy shale, sandstone, and coal
above. Where the Floyd Shale underlies Pennsylvanian
rocks the top of interval D has been placed at the base
of the sandy, coal-bearing sequence.

In parts of northeastern Mississippi and north-
western Alabama, pre-Pennsylvanian or pre-Cre-
taceous erosion or both have beveled interval D, and the
Tuscaloosa Formation of Cretaceous age consisting of
chert gravel with lesser amounts of shale and clay rests
on the eroded surface.

THICKNESS TRENDS

The overall thickness pattern of the strata in inter-
val D (pl. 6-A) is relatively simple in the Appalachian
basin. A thick mass of rock fills the eastern geo-
synclinal segment of the basin; whereas a relatively
thin blanket of strata covers the western shelf segment
and laps upon the east side of the Cincinnati arch. Cen-
ters of accumulation in the geosynclinal segment are
the Anthracite basins of Pennsylvania, the Hurricane
Ridge syncline of Mercer and McDowell Counties, W.
Va., the Greendale syncline of southwest Virginia, the
Valley and Ridge province of northwestern Georgia and
east-central Alabama, and the Black Warrior basin of
east-central Mississippi. Thicknesses of more than
4,000 feet of interval D were attained in several of these
centers; in contrast, scant data suggest that interval D
was probably not more than several hundred feet thick
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in the shelf segment to the west. Local isopachs indicate
that the Chester rocks are thicker along the axes of the
synclines than on the adjacent anticlines in south-
western Virginia and adjacent West Virginia (Wilpolt
and Marden, 1959; Cooper, 1964, p. 101; Thomas, 1966,
p. 476). These data strongly suggest that local folding
occurred during deposition of the Chester rocks and
that the growing synclines acted as traps for detritus
eroded from adjacent rising anticlines.

West and northwest thinning of the Chester rocks
has been accentuated by pre-Pennsylvanian erosion.
South-flowing streams incised the western and north-
ern edges of these rocks and cut deep indentations,
such as those in northwestern West Virginia (Wirt and
Wood Counties), into and through the thinner sequence
of interval D on the west flank of the basin. Irregular
patches of Maxville Limestone in central Ohio were
produced by two episodes of erosion. Maxville
Limestone of Chester age filled channels cut into and
through the Meramec age Maxville (Scatterday, 1963),
and pre-Pennsylvanian erosion dissected and removed
large amounts of the sheet of Chester-age Maxville that
once covered most of southeastern Ohio.

LITHOFACIES TRENDS

Because interval D is filled by a relatively
heterogeneous sequence of rocks that has been beveled
by erosion at an acute angle to the depositional strike of
the strata, the lithofacies trends shown on plate 6-B,
which are based on the preserved rocks of interval D,
are overaccentuated and may be misleading in terms of
the original lithofacies distribution of the interval
before erosion. In the Greendale syncline of Virginia, at
a locality within the geosynclinal segment of the basin,
a thick sequence of clastic rocks overlies the Girkin and
Cove Creek Limestones (pl. 9-E, sec. A—A’, interval D).
The lithofacies pattern shows a relatively large volume
of shale and sandstone in the sequence, although as
much as 2,200 feet of limestone and dolomite is present.
In contrast, interval D in southern Ohio is all limestone,
because pre-Pennsylvanian erosion has removed any
Pennington or Mauch Chunk clastics that may have
been deposited there. Although the Maxville in
southern Ohio is only about one-thirtieth as thick as
the sequence of Girkin and Cove Creek carbonate in the
Greendale syncline, it is shown on the lithofacies map
by the limestone pattern, whereas the carbonate rocks
in southwest Virginia are masked by the suprajacent
mass of clastic rocks. Largely because of truncation of
the upper part of the Chester rocks in the northwest
part of the basin, the lithologic pattern of the lower
calcareous part of the interval is exaggerated.

Tongues of clastic strata project west and northwest
from the centers of accumulation east of the Allegheny

Front and lap onto the shelf segment of the basin to the
west of the geosynclinal segment. Commonly, the rocks
become finer grained to the west and north. The lobe
of sandstone pattern in west-central Pennsylvania (In-
diana County) that suggests coarsening texture to the
north is again an instance of accentuation of a re-
latively thin sequence of beds near the eroded edge of
the Mauch Chunk Formation.

In general, the lithofacies map of the southern part
of the Appalachian region shows a true picture of
deposition in this area during interval D time. In the
shelf segment the lower part of interval D is for the
most part limestone with some shale (the Girkin For-
mation), whereas the upper part is generally shale with
some interbedded sandstone and limestone (the Gol-
conda, Hartselle, Bangor, and Pennington Formations).
In the geosynclinal segment to the southeast and in the
Black Warrior basin of Mississippi, the entire interval
D is made up of calcareous sandy shale (the Floyd
Shale) or by a sequence of interbedded calcareous san-
dy shale, sandstone, and limestone (the Pride Moun-
tain, Hartselle, Bangor, and Pennington Formations).

SOURCES AND ENVIRONMENTS

The major source of terrigenous clastic sediment
during Chester time was the borderland lying east and
southeast of the geosynclinal segment of the Ap-
palachian basin (pl. 10, fig. 4). From exposed masses of
metamorphic and sedimentary rocks in and east of the
present Piedmont province, streams swept large
amounts of detritus to the west and northwest down the
paleoslope into the Appalachian basin, where the
materials were winnowed and sorted by streams,
waves, and currents. The source area for the Mauch
Chunk red beds of Pennsylvania apparently lay east of
the present coastline of New Jersey.

Polymictic conglomerates and poorly sorted coarse-
grained sandstones in the Pennington Group in the
Greendale and Hurricane Ridge synclines of southwest
Virginia indicate a relatively local source for much of
the clastics in these beds. Sandstone, siltstone, and
shale in the Chester strata in the geosynclinal segment
of the basin from eastern Tennessee to north-central
Mississippi presumably had a southeastern source (pl.
10, fig. 4) (King, 1950, p. 663); however, some of the
material may have been derived from uplift to the
northwest in the vicinity of the Nashville dome and
Ozark uplift (Thomas, 1967, p. 8, 9). Swann (1964, p.
653) suggested that the sediments which formed the
Late Mississippian clastic rocks in the western part of
the Black Warrior basin in Mississippi must have been
transported by the Michigan River across the Illinois
basin since “They are isolated from potential sources in
the southern Appalachians by the contemporaneous



38 PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM, PART I

limestone sequence of Alabama and from Llanoria by
deep-water deposits of the Ouachitas.”

During the early part of Chester time the land east
and southeast of the geosyncline was topographically
low and supplied only a relatively small quantity of
debris to the geosyncline (pl. 10, fig. 4). Only in the
northeastern part of the basin was a sufficient amount
of terrigenous clastics being deposited to fill the trough
above sea level (pl 12, fig. 44). Much of the geo-
synclinal segment of the basin, as well as the shelf to
the west, was covered by a shallow sea in whose active
waters carbonate clastics were sorted and winnowed
into bars and banks.

The source of clastic carbonate, which is the domi-
nant lithology in the central and southern parts of the
geosynclinal segment and the western shelf segment of
the basin during the first half of Chester time, was
within the basin itself. Beds of oolite and whole or
broken fossils formed in shallow, well-agitated water.
These strata are intercalated with beds of fine-textured
limestone and calcilutite. The texture of the rock de-
pends predominantly on the energy level within the
depositional environment and the distance from the
source of encroaching terrigenous detritus.

Throughout much of the Appalachian basin deposi-
tional environments in the early half of Chester time
contrast strongly with those in the later half (pl. 11, fig.
4 represents an intermediate stage in mid-interval D).
Shallow-water high-energy deposition of clastic carbo-
nate dominated both geosynclinal and shelf segments
of the basin except in the northeastern part of the geo-
synclinal segment where red beds of the Mauch Chunk
delta complex were filling the geosyncline. In this local
area, some detritus was being deposited subaerially in a
fluviatile environment.

In the Girkin Limestone and the Monteagle
Limestone of both segments of the basin as well as in
the Maxville Limestone of the shelf segment, lenticular
beds and sheets of oolite and fragmented fossils indi-
cate high-energy marine environments; whereas inter-
calated beds of calcilutite with some chert and shale in-
dicate low-energy environments (pl. 12, fig. 4A). The
coarse-textured high-energy rocks apparently accumul-
ated as banks and bars; the finer textured lower energy
strata were deposited in lagoons, on mud flats, or in the
deeper waters adjacent to the growing bars and banks.
The presence of scattered beds of quartzose sandstone
or siltstone in the dominantly carbonate sequence
marks incursions of terrigenous clastics into the sea
from the growing delta complex to the east or
southeast, probably during times of excessively high
energy.

The presence of increasing amounts of argillaceous
calcilutite in the upper part of the Girkin Limestone
and in both the Cove Creek Limestone and the Bluefield

Formation in the southwest Virginia segment of the
geosyncline suggests a shift to a lower energy environ-
ment, probably from the shoaling of the sea and restric-
tion of wave energy along the front of the growing
Mauch Chunk —Pennington delta complex in mid-
Chester time.

A greater diversity of depositional environment ex-
isted in the Appalachian basin in the later half of
Chester time as the thick wedge of terrigenous detritus
of the Mauch Chunk-Pennington delta complex ex-
panded westward to fill the geosynclinal segment and
to displace the sea from the shelf segment of the basin
in the closing phase of the epoch (pl. 12, figs. 4B, 40).
Fluvial deposition dominated a broad coastal plain of
the delta complex which lay along the eastern side of
the basin and separated the rising source areas on the
east from the shrinking sea on the west. Red beds ac-
cumulated abundantly in the Mauch Chunk of eastern
and central Pennsylvania. Coarse-grained rocks associ-
ated with coal beds in the Pennington Group along the
Allegheny Front in southwestern Virginia were
deposited in a high-energy fluvial environment on a
broad coastal plain that contained widespread coal
swamps in protected localities between the anastomos-
ing distributary channels of the major rivers draining
from the highlands to the east.

A broad belt of sedimentary rocks consisting of inter-
calated marine and nonmarine beds extends along the
eastern side of the shelf segment of the basin from
western Pennsylvania southwest to Tennessee, and
predominantly marine beds extend along the south-
eastern part of the shelf from eastern Tennessee into
mortheastern Mississippi. In these zones, high-energy
nearshore bar and beach environments are indicated
by the presence of relatively well sorted and clean
quartzose sandstones. These high-energy strata are in-
tercalated with finer grained rocks characteristic of
low-energy environments of lagoon, backbay, mudflat,
and overbank accumulations. Some of the better sorted
gas sands of the subsurface of eastern Kentucky appear
to have accumulated in a high-energy nearshore en-
vironment possibly as offshore bars and shoals. The
presence of impure fossiliferous calcarenites associated
with some of the gas sands also suggests a marine
depositional environment.

In the late Chester (pl. 12, fig. 4B), the influx of ter-
rigenous detritus overwhelmed the geosynclinal seg-
ment of the basin, and in the northeast the shoreline of
a large delta complex transgressed into the shelf seg-
ment west of the trough. A low coastal plain extended
from northeastern Pennsylvania southwest through
West Virginia, eastern Kentucky, and Tennessee into
Georgia, Alabama, and Mississippi and may have
reached as far west as southwestern Louisiana. The
presence of coal beds in the upper part of the Chester



THE APPALACHIAN BASIN REGION 39

sequence north of Tennessee indicates that much ter-
restrial vegetation grew in a benign climate and that
coal swamps formed in depressions on the coastal plain.
The sea was displaced from the Appalachian basin ex-
cept for brief transgressions which are indicated by
tongues of argillaceous marine limestone in the Pen-
nington in parts of Mississippi, Alabama, Georgia, Ten-
nessee, eastern Kentucky, southwestern Virginia, and
southern West Virginia. The greater abundance of red
beds in the Mauch Chunk of eastern Pennsylvania than
in the Pennington of Virginia suggests that the climate
may have been more arid in the northern part of the
source area and in the adjacent part of the basin of
deposition.

In the southern part of the Appalachian basin evi-
dence suggests gradual uplift in late Chester time of the
eastern landmass, associated gradual filling of the geo-
syncline with fine-grained clastic sediments, and even-
tual spreading of the clastic facies northwestward over
the shelf segment of the sea. If a rapid rise of the
eastern land area took place, if coal swamps or deltas
existed, or if any continental deposits were laid down in
the southeastern part of the southern Appalachian
region in Chester time, all evidence of such events has
since been obliterated.

PALEOTECTONIC IMPLICATIONS

Subsidence dominated most of the Appalachian
basin during the early part of the Chester. Downwarp
carried the recently emergent shelf segment in central
Ohio below sea level again as the Chester sea flooded
widely across the basin. Source areas of terrigenous
detritus were uplifted to the east of the geosynclinal
segment of the basin in and contiguous to eastern
Pennsylvania, and large amounts of debris, ranging
from cobbles to mud, were swept from the rising hills
and carried westward into the subsiding trough in
eastern and central Pennsylvania (pl. 10, fig. 4). In
contrast, source areas of terrigenous detritus adjacent
to the central and southern part of the basin remained
largely quiescent, as shown by the predominance of
relatively pure carbonate strata of early Chester age in
much of the Appalachian basin. Maximum flooding of
the subsiding basin by Mississippian seas, which pre-
sumably coincides with maximum subsidence in the
area, took place before mid-Chester time (pl. 12, fig.
4A).

A pulse of orogenic activity beginning about mid-
Chester uplifted the source areas of terrigenous
detritus to the east and southeast of the Appalachian
basin. The center of activity appears to have been lo-
cated near the northern part of the geosyncline where
fine- to coarse-grained detritus was stripped from a ter-
rain of complex lithology and deposited in the broad

Mauch Chunk delta-alluvial plain complex to the west.
Predominantly finer grained clastic sediments ac-
cumulated to the south and southwest suggesting that
the source areas of these sediments were not as
strongly uplifted or were farther from the Appalachian
trough or a combination of both these factors. The
detrital sediments produced by the uplift displaced the
Mississippian sea from the geosynclinal segment of the
basin and locally prograded onto the adjacent shelf seg-
ment of the basin (pl. 12, fig. 4B), inasmuch as the rate
of accumulating sediment greatly exceeded the rate of
subsidence of the basin.

Uplift of source areas contiguous to the eastern side
of the basin continued throughout late Chester time,
apparently at an accelerating pace. The presence of
pebbles and cobbles of locally derived rocks, ranging in
age from Silurian to early Chester in the Hurricane
Ridge syncline of southwestern Virginia (Cooper, 1964,
p. 103; Thomas, 1966, p. 481), indicates that Paleozoic
rocks, including some recently deposited strata, had
been upwarped and gently folded in close proximity to
the syncline. Field data from several parts of southwest
Virginia suggest that open folding occurred locally dur-
ing the late Chester. Abundant coarse-grained pebbly
sandstone in the upper part of the Mauch Chunk in
eastern Pennsylvania indicates that uplift of con-
tiguous source areas to the east continued at an in-
creasing rate during the close of Chester time (pl. 12,
fig. 40).

The abundance of finer grained detritus in the
southern part of the basin and the general absence of
beds of cobbles and pebbles in the Pennington and its
lateral equivalents indicate that sites of uplift were
remote from this part of the basin and that the sedi-
ment-transporting streams may have crossed a broad
alluvial plain prior to discharging their load of sediment
in the Appalachian trough. Certainly, the low hills and
high plains produced a large volume of detritus which
filled the geosynclinal segment of the basin and
ultimately displaced the sea from much of the shelf seg-
ment to the northwest.

Uplift to the north in the Canadian Shield and south-
ward tilting of the northwest part of the basin coupled
with renewed orogenic activity to the east of the basin
terminated Chester deposition in most of the Ap-
palachian basin. An episode of deep-valley cutting took
place along the northern and northwestern side of the
basin, where recently deposited Chester strata were
brought well above sea level by differential warping.
Pre-Pennsylvanian and Early Pennsylvanian erosion
removed large amounts of Mississippian rocks, par-
ticularly in northeastern Ohio and northwestern Pen-
nsylvania (pl. 9-D, secs. c—c’, b—b’, interval D). Basal
Pennsylvanian conglomeratic sandstone and con-
glomerate fill south-sloping scour channels in the
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Mississippian strata, indicating that in the northwest
part of the basin tilting locally reversed the general
west-dipping Chester paleoslope. Erosion also cut
deeply into Chester-age strata in northeastern Ken-
tucky and northern West Virginia and less deeply in
Maryland, Tennessee, Georgia, Alabama, and
Mississippi.

In contrast, subsidence continued along the axial
part of the geosyncline, and deposition appears to have
been continuous from Mississippian to Pennsylvanian
near centers of accumulating clastics in eastern Pen-
nsylvania, southwestern Virginia, and central
Alabama. These data suggest that orogenic forces adja-
cent to the basin differentially uplifted and warped the
Appalachian area at the close of Chester deposition,
and so some parts of the basin were subjected to
vigorous dissection and erosion, whereas other parts
were unaffected.

TOTAL THICKNESS OF MISSISSIPPIAN
SYSTEM
THICKNESS TRENDS

The total thickness of the Mississippian rocks (pl. 7)
is similar in general outline to the thicknesses of the in-
tervals (pls. 3-A, 4-A, 5-A, 6-A). A west-thinning wedge
of strata fills the geosynclinal segment on the east side
of the Appalachian basin. Two maximums of 7,000 feet
or more each mark the sites of greatest accumulation.
The northern site centers in the western part of the
Southern Anthracite basin of Pennsylvania, where the
Mississippian rocks may be more than 8,000 feet thick,
and the southern falls in the Greendale syncline of
southwestern Virginia. A third locality in which more
than 6,000 feet of Mississippian was deposited is the
Hurricane Ridge syncline of Mercer County, W. Va.
Southwestward along the geosyncline in northwestern
Georgia, thickness of accumulated sediment is as much
as 3,000 feet. The shelf segment of the basin, northwest
of the geosynclinal segment, contains a thinner se-
quence of Mississippian strata. The rocks in the shelf
segment are about one-tenth as thick as the rocks in
the geosynclinal segment in the northeast and from
one-fifth to nearly one-third as thick in the south.

The thickness in the northwestern part of the basin
has been profoundly affected by erosion: pre-Chester,
pre-Pennsylvanian, and post-Pennsylvanian. Deep inci-
sion of pre-Pennsylvanian valleys and dissection of the
Mississippian strata have overprinted a pattern of
alternating thick and thin linear bodies of strata trend-
ing in directions deviating considerably from the sedi-
mentary strike of the beds. The belt of relatively thick
strata which trends south across the east-central part
of Ohio is depositional. The presence of the thick
sandstone of the Black Hand Member of the Cuyahoga

Formation makes the sequence thicker there than in
areas in eastern Ohio where the equivalent rocks con-
sist largely of more compactible shale and mudrock.
Pre-Pennsylvanian erosion has greatly thinned the
rocks in northeastern Ohio.

An area of relatively thin strata centered in Braxton
County, W. Va., is an anomalous indentation on the
west edge of the geosynclinal segment of the basin. This
thin spot results from the nondeposition of most of the
strata of Kinderhook, Osage, and Meramec age in Brax-
ton County.

Post-Pennsylvanian erosion has greatly exaggerated
the northwestward thinning of the Mississippian se-
quence in east-central Tennessee and northern
Alabama, and a 500-foot isopach showing the originally
deposited thickness would probably fall considerably
north and west of the present 500-foot isopach (pl. 7).

PALEOTECTONIC IMPLICATIONS

Thickness data coupled with the lithofacies of the in-
tervals (pls. 3-B, 4-B, 5-B, 6-B) indicate that for much of
the Mississippian a land area of considerable size —

Appalachia — bordered the Appalachian basin on the
east. Periodic uplift of the source area and accelerated
erosion supplied floods of clastic debris to the geo-
synclinal segment of the basin. The trough subsided at
a rate sufficient to trap much of the sediment, although
at times the trough filled and tongues of subaerially
deposited sediment spread west onto the contiguous
shelf segment. The existence of two widely spaced cen-
ters of accumulation in the geosynclinal segment in the
northern part of the basin, both of which contain ter-
restrial deposits, suggests a broad piedmont alluvial
fan —delta complex that covered parts of Pennsylvania,
Maryland, West Virginia, Virginia, and North Carolina.

Although sediments from a northern source area,
the Canadian Shield, had a considerable effect on the
lithofacies patterns in the northwestern part of the
basin where the Mississippian strata are thin, the
volume of detritus from this source was relatively insig-
nificant when compared to the large quantities of ter-
rigenous clastics shed by the eastern source area.

The southern part of the land area, Appalachia, ex-
tended southwestward from Virginia to south-central
Alabama but was probably never as high or rose as
rapidly as its counterpart to the northeast. The ter-
rigenous clastics in the geosynclinal segment of this
part of the basin are fine-grained marine deposits and
do not indicate rapid uplift. If a marine facies consisting
of coarse-grained terrigenous clastic rocks was
deposited or if a swamp or fluviatile continental facies
was deposited, they have since been obliterated by
uplift and erosion along the southeastern margin of the
Valley and Ridge province. :
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Plate 7 shows a relatively shallow trough en echelon
to the main geosyncline extending from east-central
Mississippi northeast through northern Alabama and
into east-central Tennessee. This trough was bordered
on the northwest by a positive area in the approximate
position of the Nashville dome. Uplift of the positive
area took place from time to time during the Mississip-
pian, and it may have been nearly or slightly emergent
during parts of intervals B, C, and D time.

GEOLOGIC UNITS DIRECTLY ABOVE THE
MISSISSIPPIAN SYSTEM

UNITS OVERLYING MISSISSIPPIAN

Strata of the Mississippian System are overlain by
Pennsylvanian age rocks (pl. 8) throughout the Ap-
palachian basin, except in northern Alabama and
northern Mississippi where Cretaceous age Tuscaloosa
gravels lie on the eroded Mississippian beds or
elsewhere in the basin where post-Permian erosion has
stripped away the Pennsylvanian cover and unconsoli-
dated Quaternary detritus mantles the Mississippian
rocks.

Near Pottsville, Schuylkill County, Pa., in the
Southern Anthracite basin, the oldest Pottsville rocks,
the Tumbling Run Member of the Pottsville Formation,
overlie red beds of the Mauch Chunk Formation. The
basal beds of the Pottsville become younger to the north
and west of the Southern Anthracite basin, and in the
Northern Anthracite basin the conglomeratic beds of
the Sharp Mountain Member of the Pottsville Forma-
tion, the youngest member of the formation, disconfor-
mably overlie strata of Early Mississippian and of Late
Devonian age.

To the south of the Anthracite basins along the axial
part of the Appalachian basin in southwestern Virginia
and contiguous parts of Kentucky and West Virginia,
the oldest Pottsville rocks, which contain plants of
floral zone 4 of Read and Mamay (1964, p. K6), confor-
mably overlie the youngest Mississippian rocks, which
contain plants of floral zone 3 of Read and Mamay.
Deposition was virtually continuous across the systemic
boundary in this segment of the Appalachian basin. In
Tazewell County, Va., the Pocahontas Formation of the
Pottsville Group conformably overlies the Bluestone
Formation of the Pennington Group. To the southwest
along the Allegheny Front toward Cumberland Gap the
two formations intertongue with the Lee Formation
which is of both Mississippian and Pennsylvanian age
(Englund and DeLaney, 1966, p. D50). In eastern Ten-
nessee and southward along the axial part of the basin,
the Mississippian age Pennington Formation is over-
lain by rocks of Pennsylvanian age, except in areas of
post-Pennsylvanian erosion. In Tennessee the

quartzitic Lee Formation caps the Pennington. In
northwest Georgia, northern Alabama, and north-
eastern Mississippi, the Pottsville Formation or the Pot-
tsville Group make up the overlying unit. Locally, in
east-central Alabama the Parkwood Formation, a tran-
sitional unit of both Mississippian and Pennsylvanian
age, overlies the Pennington.

Because of extensive pre-Pennsylvanian erosion of
the northwestern part of the Appalachian basin and
filling of the basin by Pennsylvanian sediments from
several source areas, strata in the Pottsville Formation
are in contact with Mississippian rocks ranging in age
from Chester to Kinderhook in various parts of Ken-
tucky, Maryland, Ohio, Pennsylvania, and West
Virginia. The basal beds of the Pottsville become
progressively younger from Tazewell County, Va., north
and northwest across West Virginia and into western
Pennsylvania. In the same direction the basal Pen-
nsylvanian strata overlap all the Mississippian beds
from youngest Chester in Virginia to oldest Kinderhook
in northwestern Pennsylvania and adjacent north-
eastern Ohio. In southern West Virginia the New River
Formation of the Pottsville Group overlaps the underly-
ing Pocahontas Formation and lies on the Pennington
Formation or the Mauch Chunk in much of central
West Virginia. A quartzose Lee facies, probably largely
equivalent to the New River Formation, is present in
the subsurface of eastern Kentucky where it fills chan-
nels scoured in the Pennington or Mauch Chunk beds.
The Connoquenessing Sandstone Member of the Pot-
tsville Formation, an equivalent of the upper part of the
New River Formation or the lower part of the younger
Kanawha Formation, is the basal Pennsylvanian unit
in much of the Allegheny Plateau in western Pen-
nsylvania and eastern Ohio. The Sharon Conglomerate
Member of the Pottsville Formation blankets Mississip-
pian strata in much of northeastern Ohio, and its
equivalent, the Olean Conglomerate Member of the
Pottsville Formation, caps the Mississippian rocks in
part of northwestern Pennsylvania and adjacent south-
western New York. Both conglomerates, which appear
to be slightly older than the Connoquenessing
Sandstone Member, were derived from a northern
source area and lie between the eroded Mississippian
rocks below and the main body of the Connoquenessing
and younger Pennsylvanian rocks above. They are
probably equivalent to the upper part of the New River
Formation of West Virginia, the upper part of the Lee
Formation of east-central Kentucky, and the Schuylkill
Member of the Pottsville Formation in the Anthracite
basins of eastern Pennsylvania (Read and Mamay,
1964, p. K6 —K7). The correlation of the coarse-grained
Pennsylvanian units is commonly uncertain in the sub-
surface because of the similarity of the sandstones and
the absence of diagnostic plant fossils in drill cuttings.



42

Consequently, delineation of the areas occupied by the
various units of the Pottsville is not precise.

Similarly, the basal Pennsylvanian rocks decrease in
age between the Southern Anthracite basin and areas
in the Allegheny Plateau to the north and west;
however, this relationship is not so clearly shown as it is
farther south because recent erosion has left large gaps
between the Pennsylvanian outliers in northern Penn-
sylvania.

PALEOTECTONIC IMPLICATIONS

Terminal Chester uplift rejuvenated source areas,
particularly thosc adjacent to the Anthracite basins
of Pennsylvania and to the Tennessee-Alabama geo-
synclinal segment of the Appalachian basin, as shown
by the great influx of cobbly coarse-grained detritus in
the oldest beds of the Pottsville in these areas. An
episode of uplift tilted and differentially warped the
northwestern edge of the basin at the close of Chester
time. A source area to the north in eastern Canada was
briefly uplifted, possibly concurrent with the tilting in
northern Ohio, and produced the pebbly detritus, which
was carried south into the basin to become the Sharon
Conglomerate Member of the Pottsville Formation in
northern Ohio and the Olean Conglomerate Member of
the Pottsville Formation in northwestern Penn-
sylvania.

In contrast to positive movement along the periphery
of the basin, virtually continuous deposition in the axial
part of the basin from eastern Pennsylvania south to
Alabama demonstrates the persistent negative
character of the geosynclinal segment of the Ap-
palachian basin during the Late Mississippian and
Early Pennsylvanian.

Most of the movement in the Appalachian basin at.
the close of Mississippian time appears to have been’
vertical. However, in the vicinity of the Greendale and
Hurricane Ridge synclines in southwestern Virginia,
horizontally directed compressional forces that pro-
duced open folds (pl. 10, fig. 4) appear to have accom-
panied the uplift of adjacent source areas. Evidence of
compressional forces in other parts of the basin is in-
conclusive.

Deposition of detritus continued in the Appalachian
basin during the Pennsylvanian Period and the early
part of the following Permian Period. Unwarped and
folded source areas bordering the basin shed ter-
rigenous material into the basin but in decreasing
amounts after the great influx of very coarse grained
debris during the Early Pennsylvanian. The Late Penn-
sylvanian and Early Permian rocks contain a much
greater percent of fine-grained clastics than do the
Early Pennsylvanian rocks. Only occasionally after
Chester time was the basin flooded by marine water
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from the western epicontinental sea. Cyclothemic ac-
cumulation of coal-bearing rocks continued in a basin
of dwindling size. Pottsville strata covered much of the
same area that is underlain by Chester strata; whereas
the Lower Permian Dunkard Group, the youngest
Paleozoic rocks in the Appalachian basin, cover only a
small area in southwestern Pennsylvania and adjacent
parts of Maryland, Ohio, and West Virginia (Berryhill,
in McKee and others, 1967, pl. 1). The general tectonic
framework of the basin remained intact until it was
destroyed by the Appalachian revolution at the close of
the Paleozoic Era.

During the Appalachian revolution in the eastern
part of the basin, the Valley and Ridge segment, com-
plex folding and faulting were dominant; whereas in
the western part, the Appalachian Plateaus segment,
vertical uplift was dominant, although some gentle fold-
ing and faulting occurred locally. The Paleozoic rocks
along the southeastern margin of the Appalachian
region were gently folded and faulted and, subse-
quently, were beveled. After the Appalachian revolu-
tion, long periods of erosion punctuated by brief
episodes of uplift have dominated the history of the Ap-
palachian basin. Subsidence in the Mississippi embay-
ment area in Late Cretaceous time instigated deposi-
tion of the Tuscaloosa gravel on the eroded Paleozoic
rocks in northern Mississippi, northwestern Alabama,
and central Tennessee. Stearns (1957, p. 1092 -1093)
stated that the Tuscaloosa Formation is probably a non-
marine “back beach” deposit of limited extent and that
it represents the initial transgressive stage of a sedi-
mentary cycle that lasted into early Eocene time. The
sea réached its maximum transgression up the
Mississippi embayment during Paleocene time. From
late Eocene to Pleistocene time as the continent gra-
dually emerged, the sea withdrew from the coastal
plain, and since the last glacial period the present
shoreline is believed to have developed (Hunt, 1967, p.
162).

During the Pleistocene epoch the Mississippian
strata along the northern edge of the Appalachian
basin in Ohio and Pennsylvania were locally scoured
and eroded by several continental glaciers that moved
into the Appalachian area from centers of accumula-
tion to the north in Canada. Glacial ice and melt water
from the waning ice sheets cut deep valleys into and
through the exposed Mississippian rocks, particularly
in northern Ohio where the softer beds in the Cuyahoga
Formation were stripped back from the more resistant
Berea Sandstone and from the Black Hand Sandstone
Member of the Cuyahoga. Much of the work of glaciers
in the northern part of the basin was constructional
rather than erosive. Large amounts of detritus were
deposited in till plains, kame terraces, terminal
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moraines, and eskers. At many places the newly
scoured Mississippian beds were buried under con-
siderable thicknesses of glacial drift or associated lake
beds.

Since the retreat of the Pleistocene glaciers, erosion
has been slowly diminishing the relief of mountains and
hills within the Appalachian basin.

SUMMARY

The major tectonic elements of the Appalachian
basin —namely, an elongate miogeosynclinal eastern
segment partly surrounded on the north, east, and
southeast by bordering source areas and a western re-
latively stable shelf segment — were inherited from
earlier Paleozoic periods. One relatively new element, a
northern source area in eastern Canada, played an im-
portant role in the history of the northern part of the
basin. Repeated uplift and erosion of this source area
produced large amounts of terrigenous detritus which,
when carried into the basin by streams and rivers, con-
siderably modified the pattern of deposition in the
northern part of the basin during several epochs of the
Mississippian.

Active erosion of the uplifted bordering lands during
the Late Devonian and Early Mississippian produced
vast floods of coarse-grained clastic sediment which
were swept into the basin by streams and rivers. The
rate of geosynclinal subsidence was considerably ex-
ceeded by the rate of accumulating detritus in the
northern half of the basin, and the geosynclinal seg-
ment was filled by a westward-expanding delta alluvial
plain. Locally, sheets of pebbly sand and silt spread onto
the relatively more stable shelf segment to the west.
Concurrently, rivers transporting sediment from the
northern source area built elongate deltas in the
shallow epicontinental sea that covered the shelf seg-
ment in the northwestern part of the Appalachian
basin. The lands bordering the southern part of the
basin were of low relief and supplied only a small
amount of fine-grained detritus to the basin.

An episode of uplift and local gentle folding occurred
during interval A time at the close of Spechty Kopf
deposition in the northeastern part of the basin, center-
ing in the vicinity of the Anthracite basins in eastern
Pennsylvania. The effects of the uplift included a brief
withdrawal of the sea from a wide zone along the
eastern edge of the shelf segment in West Virginia and
southwestern Pennsylvania, trenching of the newly ex-
posed coastal plain by consequent rivers and streams,
and the warping of an area in east-central West

Virginia which remained emergent until the end of

Meramec (interval C) time.
In the late Kinderhook (interval A) the rate of subsi-
dence overtook the dwindling rate of deposition in the

northern part of the shelf segment, probably because
the northern source area had been eroded to low relief,
and a broad shallow stagnant sea similar to the Late
Devonian Chattanooga sea covered the western part of
the Appalachian basin. In contrast, in the northeastern
part of the basin continued sedimentation from rising
source areas promoted the growth of the broad Pocono-
Price delta complex, which by late Osage (interval B)
had displaced the sea from much of the northeastern
part of the Appalachian basin. Renewed activity in
Canada rejuvenated the northern source area during
Osage time, but the volume of detritus transported into
the basin from this source was relatively small when
compared to the great amount of clastics shed by the
eastern sources.

In contrast to the considerable activity in and sur-
rounding the northern half of the basin during Kin-
derhook and Osage time, the southern part of the Ap-
palachian basin was relatively quiescent. Contiguous
source areas were of low relief and supplied only small
amounts of finer grained detritus. Their major con-
tribution was a large amount of material in solution or
in colloidal suspension. Subsidence of the sea floor was
slight, an extremely thin sheet of mudstone, the Maury
Formation, was deposited during Kinderhook (interval
A) time, and a relatively thin sheet of cherty carbonate
strata, the Fort Payne Chert, spread over much of the
southern half of the basin during Osage (interval B)
time. By the late Osage, the source areas along the
eastern side of the basin as far north as central
Virginia had been reduced to low relief, and much of the
detritus carried into the basin was of clay and silt sizes.

Reduction of much of the eastern borderlands to low
relief and a decrease in tectonic activity in the source
areas early in Meramec (interval C) time are indicated
by the flooding of much of the geosynclinal segment of
the basin by Meramec seas and the accumulation of a
thick wedge of dominantly calcareous strata in the
southern two-thirds of this segment of the basin. Only
the source areas contiguous to the extreme north-
eastern part of the Appalachian basin stood high
enough to supply detritus in volume sufficient to exceed
the rate of geosynclinal subsidence. Sources adjacent to
eastern Pennsylvania and northern Virginia produced
a considerable amount of red mud and sand which was
trapped locally in the eastern part of the geosynclinal
segment and did not spread far into the shallow carbon-
ate-depositing sea to the west.

Meramec flooding, which began in the south and
spread northward along the geosynclinal segment and
northwestward along the shelf segment, reached its
maximum in the middle of the epoch when the St. Louis
Sea inundated northeastern Kentucky and central
Ohio. Rejuvenation of the Canadian source area and
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uplift of the northwestern end of the shelf segment in
central Ohio produced a flood of coarse-grained quartz
sand which was incorporated in the carbonate sediment
of a high-energy sea south of the newly emergent
coastal strip to form the sandy Loyalhanna —Ste.
Genevieve Limestone from southwestern Pennsylvania
to northeastern Kentucky.

A low island in east-central West Virginia .was ap-
parently an effective barrier against the southern
migration of sand and silt from the northern part of the
basin. The proximity of the island to the edge of the
Loyalhanna —Ste. Genevieve sandy limestone suggests
that sand-carrying currents from the northeast im-
pinged upon the shoals and were deflected into the
western part of the basin instead of continuing south
along the western edge of the geosynclinal segment into
the shallow sea in southern West Virginia and south-
west Virginia.

Early Chester (interval D) was also a time of
widespread subsidence and flooding of the basin seg-
ments. Inundation of the Appalachian basin during the
Mississippian reached a maximum during the early
part of the Chester. A thick wedge of carbonate strata
accumulated in the geosynclinal segment south of west-
central Virginia, and a sheet of carbonate sand and
mud blanketed the shelf segment from central Ohio to
northeastern Mississippi. However, the tectonic quies-
cence implied by the sheet of carbonate strata is decep-
tive, because source areas bordering the basin on the
east and southeast had begun to rise by late early
Chester time. Locally, some gentle folding had exposed
recently deposited strata to erosion. Rejuvenation of
source areas became apparent first in the northeastern
and eastern parts of the geosynclinal segment where
large amounts of terrigenous material accumulated to
form a coalesced delta complex of large size. During the
early Chester these coarse-grained clastics were con-
fined to the eastern part of the geosyncline; however, by
late mid-Chester a delta alluvial plain was established
along the eastern side of the Chester Sea, and an ex-
panding wedge of detritus had displaced the sea from
the axial part of the geosynclinal segment.

Throughout late Chester time the sea retreated to
the west and southwest before the ever-increasing
wedge of terrigenous clastics. The delta alluvial plain
covered the geosynclinal segment of the basin and
spread west onto the shelf segment. By late Chester
time the sea had been displaced from all but the ex-
treme western part of the shelf area, and much of the
surface of the basin was above sea level. The source
areas to the northeast and south of the basin were ac-
tive during much of late Chester time; however, sedi-
ments from the source area on the Canadian Shield
were carried into the Eastern Interior basin in Illinois
and were not shed east of the Cincinnati arch.

At the close of Mississippian time the northwestern

part of the shelf segment of the Appalachian basin was

uplifted and differentially warped. Erosion in Early
Pennsylvanian time cut valleys into and through the
Mississippian strata in this part of the basin. In con-
trast, the axial part of the geosynclinal segment was
unaffected by uplift, and deposition there was con-
tinuous across the systemic boundary. Accelerated
uplift and erosion of the several source areas in early
Pottsville time (Early Pennsylvanian) produced a great
influx of very coarse grained detritus in the vicinity of
the Anthracite basins of eastern Pennsylvania. The
thick sequence of conglomerate and conglomeratic
sandstone in the Southern and Middle Anthracite
basins is indicative of a high-energy fluvial depositional
environment. In contrast, the intercalated beds of
coarse- and fine-grained strata, including coal beds in
the late Chester and early Pottsville rocks in southern
Virginia and in early Pottsville rocks from Tennessee
southwestward into Mississippi, suggest fluvial deposi-
tion with alternating high- and low-energy environ-
ments.
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PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM IN THE UNITED STATES,
PART I: INTRODUCTION AND REGIONAL ANALYSES OF THE MISSISSIPPIAN SYSTEM

MICHIGAN BASIN REGION

By GEORGE V. COHEE

ABSTRACT

During Mississippian time the Michigan basin was part of the Mid-
continent craton, and its seaway primarily received clastic sediment
largely derived from the Canadian Shield. The basin subsided suffi-
ciently to accommodate about 2,400 feet of sediment. Chemical pre-
cipitates include some limestone, dolomite, anhydrite, and gypsum.
Uplift, folding, and erosion in the basin took place in Chester time,
near the close of the period.

REGION DEFINED

The Michigan basin includes the Southern Peninsula
of Michigan, the eastern part of the Northern Penin-
sula of Michigan, eastern Wisconsin east of the Wiscon-
sin arch, northern Indiana north of the Kankakee arch,
northwestern Ohio north of the Findlay arch, and
southwestern Ontario, Canada, west of the Algonquin
axis (fig. 8). The deepest part of the basin is in Clare
and Gladwin Counties, Mich., and the Central Basin
area, as generally used, includes an area of about 100
miles in diameter surrounding those counties.

PALEOGEOLOGY
LOWER BOUNDARY OF MISSISSIPPIAN
BOUNDARY IN MICHIGAN

The boundary between the Mississippian and Devo-
nian Systems in some parts of the Eastern United
States has been in considerable debate since the
establishment of the Mississippian Series of the Car-
boniferous System in 1891. Because of special facies
relationships and the paucity of megafossils near the
boundary, correlations and boundary selections have
varied considerably from one worker to another. In re-
cent years the great increase in knowledge of conodont
ranges and correlations has resulted in refinement of
Upper Devonian and Lower Mississippian stratigraphy
in the United States. Because the rocks involved in the
Devonian and Mississippian boundary of the Michigan
basin are in the subsurface, it has been necessary to

compare the stratigraphic sequence with the same se-
quence in the northwestern part of the Appalachian
basin where the rocks are exposed. An erosional gap of
about 50 miles across the Findlay arch in northwestern
Ohio separates the rocks involved. Very little difference
is found between the Bedford, Berea, and Sunbury se-
quence (pl. 15) in southeastern Michigan and north-
western Ohio, north of the Findlay arch, a..d in the
northwestern part of the Appalachian basin.

In their study of the Berea Sandstone and associated
rocks in the Appalachian basin, Pepper, de Witt, and
Demarest (1954) placed the boundary between the
Mississippian and Devonian at the top of the Cleveland
Member of the Ohio Shale. The Ohio Shale correlates
with the Antrim Shale in the eastern part of the
Michigan basin. Recently, Wallace de Witt, Jr., stated
(oral commun., 1971) that there is no reason to change
his opinion set forth in the 1954 paper, namely, that the
same named units — the Bedford Shale, the Berea
Sandstone, and the Sunbury Shale in the Appalachian
and Michigan basins — are correlatives. Paleontologic
data substantiate the Mississippian age of the Sunbury
Shale in the Appalachian basin. The Bedford Shale,
which underlies the Berea Sandstone, has in its basal
1 -5 feet a widespread fauna that has a Devonian age
very close to the Famennian (Upper Devonian) — Tour-
naisian (Lower Mississippian) boundary. The Berea
Sandstone has very few fossils; however, in the Ap-
palachian and Michigan basins it contains (Winslow,
1962) the spore Endosporites lacunosus. This fossil,
which is now called Hymenozonotriletes lepidophytus
Kedo, ranges in age from Late Devonian to Early
Mississippian (Streel, 1970).

Because the Antrim Shale in southeastern Michigan
correlates with the Devonian Ohio Shale of the Ap-
palachian basin and because the basal few inches of the
Bedford Shale is also Devonian in age, the boundary be-
tween the Devonian and Mississippian in southeastern
Michigan was arbitrarily placed at the top of the
Antrim for convenience of mapping. Westward from
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southeastern Michigan across the basin the black
Antrim Shale thickens and grades into and inter-
tongues with the Bedford Shale and Berea Sandstone
on the east side of the basin and the Ellsworth Shale on
the west side of the basin. Because of the interfingering
relations, the Mississippian and Devonian boundary
could not be placed closely except in southeastern
Michigan, and an arbitrary thickness of 150 feet of the
black shale, the thickness of the Antrim Shale in
southeastern Michigan, was assumed to be Devonian
and all black shale above shale of that thickness was
assigned to the Mississippian.

AGE AND ASSIGNMENT OF THE KENWOOD SHALE, WISCONSIN
Edwards and Raasch (1921) studied the debris from

a shaft sunk in the bottom of a tunnel extending more |

than a half mile under Lake Michigan from the lake
shore at the east end of North Avenue, Milwaukee, Wis.
The shaft was 132 feet deep, and it penetrated dark to
black shale underlying a blue shaly limestone which is
the same as the limestone in a quarry on Milwaukee
River, 3 miles to the northwest. Edwards and Raasch
(1921) assigned the name Kenwood to the black shale
and determined its age to be early Late Devonian from
the fossils in the black shale and in green shale inter-
bedded with the black shale.

Pohl (1929) found in black shale in the same shaft
and at the same horizon a fauna of brachiopods and
other remains that indicated to him a Mississippian
age. Later, on the basis of conodonts, Cooper (in Weller
and others, 1948, p. 156 —157) also assigned a Mississip-
pian age to the Kenwood Shale. Raasch (1935) assigned
to the Kenwood a Mississippian age, which for many
years was generally accepted.

Charles Collinson of the Illinois State Geological
Survey, who had also studied the black shale from the
shaft under Lake Michigan, east of Milwaukee, Wis.,
noted (written commun., Jan. 21, 1965) that the cono-
donts found in the black shale indicate that it is of early
Late Devonian and correlates with the Grassy Creek
Shale of Missouri and Illinois, the Sweetland Creek
Shale of southeastern Iowa, the Independence Shale of
central Iowa, lower member of the Blackiston Forma-
tion of Indiana, and the lower part of the Gassaway
Member of the Chattanooga of Tennessee.

Dietmar Schumacher of the Geology Department,
University of Missouri (written commun., May 3, 1967),
studied the Kenwood Shale and likewise considered it to
be of Devonian age. Schumacher stated that conodont
faunas obtained from the Kenwood contained elements
of at least four of the standard Late Devonian conodont
zones of Europe and that the Kenwood ranges in age

from middle Frasnian to early Fammenian. He also
stated that it correlates with the lower and middle
Antrim Shale of Michigan, the upper Olentangy Shale
and lower Ohio Shale of Ohio, and the Grassy Creek
and lower Saverton Shales of Illinois.

The Kenwood, in view of these unpublished data of
Collinson and Schumacher regarding its age, is ex-
cluded from this study of the Mississippian rocks of the
Michigan basin.

UNITS UNDERLYING MISSISSIPPIAN

The Antrim Shale of the Michigan basin is of Devo-
nian and Mississippian age (pls. 2, 15) and underlies the
Mississippian throughout its extent in the basin. The
shale in southeastern Michigan is of Late Devonian age
and is equivalent to the Ohio Shale of Ohio and the New
Albany Shale of Indiana. Only the basal part of the
Antrim crops out in the State and that is in the north-
ern part of the Southern Peninsula. It is 150 feet thick
in the most southeastern part of the State and an ar-
bitrary thickness of 150 feet at the base of the shale is
considered to be Devonian in age and the shale above is
considered to be Mississippian. The basal part of the
Antrim extends beyond the Mississippian outcrop
beneath the glacial drift around the basin.

INTERVAL A
FORMATIONS INCLUDED

Rocks of interval A extend throughout the Michigan
basin and for the most part are the rocks of Kinderhook
age. On the west side of the Southern Peninsula, inter-
val A consists of the Mississippian part of the Antrim
Shale and the Ellsworth and Sunbury Shales (pl. 15).
On the east side, interval A consists of the Bedford
Shale, the Berea Sandstone, and the Sunbury Shale.

The Antrim Shale is an organic-rich shale that con-
sists of dark-gray to black hard thin-bedded brittle car-
bonaceous shale which, in the lower part, is interbedded
with some gray shale. Dark-brown bituminous
limestone concretions 2 -5 feet in diameter are common
near the base of the Antrim. The lowest part of the for-
mation, which is Devonian in age, is exposed in the
northwest corner of Antrim County and in Charlevoix,
Cheboygan, and Alpena Counties, Mich. The Antrim is
exposed at a few places in northern Indiana and north-
western Ohio (de Witt, 1960). The Antrim thickens
from 150 feet in southeastern Michigan to about 650
feet in the Central Basin area. The Mississippian part
of the Antrim (above the arbitrary horizon 150 ft above
the base) is as much as 500 feet thick in the Central
Basin area.
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The Bedford Shale is a light-gray shale that is silty
and sandy in the upper part and grades upward into the
Berea Sandstone. Because of the gradational contact
between the Bedford and Berea, the amount of shale
assigned to the Bedford varies from place to place, but,
generally, it is in the order of 60 feet thick. The Bedford
thins westward to the Central Basin area, where it in-
tertongues with the Antrim Shale, and in southern
Michigan it merges into the Ellsworth Shale of western
Michigan.

The Berea Sandstone, which is limited to the east
half of the Southern Peninsula of Michigan, consists of
three lithologic units. The lower unit is sandstone,
which is light gray, fine grained, dolomitic, silty, and
shaly, cemented with silica and dolomite, and
micaceous and pyritic. The middle unit is friable,
medium- to coarse-grained sandstone composed of
angular quartz grains. Thin beds of shale and tightly
cemented sandstone are interbedded with the friable
sandstone in places. The upper unit is lithologically
similar to the lower unit but is less shaly and less
pyritic.

The Berea is thickest in Huron County, Mich., where
there is 80 feet of the friable sandstone and 180 feet
argillaceous sandstone. The sandstone thins from the
Thumb area to the west, south, and north and is not
present west of central Michigan.

The Berea Sandstone is overlain by the black thin-
bedded Sunbury Shale which is lithologically similar to
the Antrim Shale. The Sunbury is present in eastern
Michigan and overlies the Ellsworth Shale in part of
western Michigan, but it thins and grades into gray and
greenish-gray shale of the Ellsworth in southwestern
Michigan. The Sunbury is generally about 60 feet thick.

The Ellsworth Shale is a greenish-gray to gray shale
that occurs in western Michigan (Bishop, 1940, p.
2150). It contains some dolomite in the upper part and
is silty in places, especially in southwestern Michigan
where a considerable amount of siltstone is interbedded
with the greenish-gray shale. Because of the inter-
tonguing of the greenish-gray Ellsworth Shale and the
black Antrim Shale, the boundary between the two for-
mations is difficult to establish. The Ellsworth is ex-
posed only in a few localities in Antrim and Charlevoix
Counties, Mich.

The Ellsworth Shale is 400 — 600 feet thick along the
western boundary of the State, and eastward it grades
entirely into black shale of the Antrim in the center of
the State. Dolomite and limestone beds are common in
the Ellsworth in southwestern Michigan. In Kent and
Ottawa Counties, Mich., some dolomite and limestone
beds are composed almost entirely of oolites. Dolomite
crystals form the nuclei of some of the oolites.

UPPER BOUNDARY OF INTERVAL A

The upper boundary of interval A is at the top of the
Sunbury Shale and at the base of the Coldwater Shale.
Where the Sunbury Shale is absent in western
Michigan the top of interval A is at the top of the
Ellsworth Shale.

THICKNESS TRENDS

In the area where interval A is overlain by the Cold-
water Shale, the basal formation of interval B, the
thickness ranges from less than 200 feet in southern
Michigan to 780 feet in the northwestern part of the
basin (pl. 3-A), where the interval consists entirely of
the thick Ellsworth Shale. Beyond the limit of the Cold-
water Shale the eroded top of interval A lies beneath
the Pleistocene drift.

LITHOFACIES TRENDS

The lithofacies of interval A is dominantly shale (pl.
3-B) in the central and western part of the Michigan
basin. Sandy shale forms a lesser component and is
restricted to eastern Michigan. This distribution of rock
types reflects the presence of relatively coarse detrital
material in the Bedford Shale and Berea Sandstone
which are restricted to the eastern part of the Michigan
basin. On the west side of the basin, interval A is domi-
nantly gray and greenish-gray shale. Along a narrow
zone extending roughly north-south through the
central part of the basin, all interval A is represented
by black shale.

SOURCES OF SEDIMENT AND ENVIRONMENTS OF
DEPOSITION

The relatively coarse detritus contained in the Bed-
ford and Berea Formations was derived from the north-
east (pl. 10, fig. 1) and was deposited in a large delta,
the Thumb delta (Cohee, 1965), on the east side of the
Michigan basin. The sediment was transported in a
river system (pl. 11, fig. 1; pl. 12, fig. 1) that was a dis-
tributary to the Ontario River (Pepper and others,
1954), a river that extended across southwestern On-
tario into Ohio. Gray and greenish-gray mud and silt
deposited on the west side of the basin were dervied
from the Wisconsin highlands to the northwest. Near
the end of Kinderhook time, water in the seaway
became so quiet that the black mud accumulated
almost entirely across the basin.

PALEOTECTONIC IMPLICATIONS

During interval A time, the Michigan basin was a
subsidiary part of the Midcontinent craton (pl. 10, fig.
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1). The east side of the basin subsided more than 500
feet to accommodate the fluvial sediment transported
from the northeast. These deltaic deposits did not ex-
tend westward beyond a north-south line through the
central part of the Southern Peninsula.

The west side of the basin locally subsided more than
700 feet to accommodate the influx of detrital material
from the Wisconsin highlands to the northwest. South-
ward thinning of interval A may indicate some upward
movement of the Kankakee and Findlay arches.

INTERVAL B
FORMATIONS INCLUDED

The Coldwater Shale and the overlying Marshall
Sandstone compose interval B (pl. 15). The Coldwater
conformably overlies the Sunbury and Ellsworth Shales
of interval A, and the Marshall Sandstone conformably
overlies the Coldwater Shale.

In western Michigan the Coldwater Shale consists
mostly of gray and bluish-gray shale containing a few
thin limestone and dolomite beds. In eastern Michigan
the shale is silty and sandy, and in places in the upper
part of the formation some red siltstone and sandstone
is present. In Tuscola, Huron, and Iosco Counties, Mich.
(fig. 8), thick sandstone units occur in the shale. The
Coldwater Shale, which is 500-800 feet thick in
western Michigan, increases in thickness toward
eastern Michigan where it is more than 1,100 feet thick
in places. The Coldwater is exposed at places in Branch
and Hillsdale Counties and along the shore of Lake
Huron in Huron and Sanilac Counties.

A pink to red limestone and dolomite unit about
1020 feet thick is present in the subsurface at the
base of the Coldwater on the west side of the State. This
basal unit is correlated with similar rocks in the sub-
surface in Illinois which correlate with the Rockford
Limestone of Kinderhook age in Indiana. The Rockford
overlies the New Albany Shale in Indiana.

The Marshall Sandstone, which overlies the Cold-
water Shale, is about 300 feet thick in the outcrop area
in southern Michigan and is more than 200 feet thick in
western Michigan. The Marshall Sandstone consists of
an upper unit, the Napoleon Sandstone Member, and a
lower unit, commonly referred to as the lower member.
The lower member is a fine-grained sandstone which
includes siltstone in places. The thickness ranges from
155 feet in the south to 35 feet in the northern part of
the Southern Peninsula. The sandstone is generally red
in central and western Michigan, but in parts of eastern
Michigan the red color is absent.

The Napoleon Member is a fine- to coarse-grained
sandstone which is red in places, especially in western
Michigan. The Napoleon, which ranges in thickness

from 200 to 75 feet, is thickest in the southern part of
the Southern Peninsula. The Napoleon is time
transgressive northward, and in the north half of the
central part of the basin, the upper part occurs in lenses
and isolated bars above the main body of the Marshall.
These lenses of sandstone interfinger with the
limestone, dolomite, anhydrite, and shale of the lower
part of the Michigan Formation.

UPPER BOUNDARY OF INTERVAL B

The upper boundary of interval B is placed at the top
of the Marshall Sandstone and at the base of the
Michigan Formation. At the time the uppermost part of
the Marshall Sandstone was being deposited nearshore
to the south, the shales and sandstones of the Michigan
Formation were being deposited offshore. The lower-
most part of the Michigan Formation to the south, con-
sequently, is contemporaneous with the uppermost part
of the Marshall Sandstone to the north.

THICKNESS TRENDS

The greatest thickness of interval B (pl. 4-A), more
than 1,400 feet, in the area of Saginaw Bay where the
Coldwater Shale is thick and contains a large amount of
sandstone (fig. 9). In places in southern Michigan the
interval is more than 1,300 feet thick. The unusual
thickness in this area is due to thickening of the
Marshall Sandstone. The thickness of interval B in the
area where it is overlain by the Michigan Formation of
interval C ranges from 600 feet in western Michigan to
more than 1,400 feet in northeastern Michigan.
Because the thickness of interval B is greater than
1,000 feet in the northern part of the Southern Penin-
sula, the sediment of interval B as well as that of inter-
val A originally must have formed a fairly thick deposit
over at least a part of the Canadian Shield to the north
(pl. 10, figs. 1, 2).

LITHOFACIES TRENDS

The lithofacies map (pl. 4-B) shows slightly coarser
detrital materials in the northeastern and north-
western parts of the basin. These materials reflect the
interbedding of sandstone in the dominantly shale sec-
tion. In the western and southwestern parts of the
basin, some thin limestone and dolomite beds are inter-
bedded with the gray shale of the lower part of interval
B, and they affect the patterns on plate 4-B.

SOURCES OF SEDIMENT AND ENVIRONMENTS OF
DEPOSITION

During interval B (Osage) time the sea extended
across the area of the Michigan basin (pl. 11, fig. 2; pl.
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12, fig. 2). Much clastic material was carried into the
sea primarily from the Canadian Shield to the north-
east and secondarily from the Wisconsin highlands to
the northwest (Stearns, 1933, p. 108). Uplift of the
Canadian Shield and transport of the weathered
materials from this region provided the red silt and
sand of the upper part of the Coldwater Shale and lower
part of the Marshall Sandstone in much of the basin.

In latest Osage time, sandstone deposition continued
in the southern part of the basin while mostly
limestone, dolomite, shale, and some anhydrite accum-
ulated in the northern part of the basin. Some
sandstone continued to accumulate in the northern
part of the basin as lenticular bodies or sandbars in
which natural gas is now found. Sandbars also formed
in the southern part of the basin in latest Osage time
and were of sufficient height to cut off or restrict the
shallow seaway periodically so that beds of evaporite
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FIGURE 9. — Southern Peninsula of Michigan showing the extent of
the Coldwater Shale and the cumulative thickness of sandstone in
the formation. Numbers indicate thickness of sandstone in feet;
unnumbered localities indicate no sandstone in the Coldwater
Shale.
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accumulated in the central and northern parts of the
basin.

Limestone and dolomite beds in the Michigan For-
mation thicken northward, and a narrow seaway from
the north may have connected the northern part of the
Michigan basin with the open sea during latest Osage
or earliest Meramec time, although other evidence of a
northern seaway is lacking.

PALEOTECTONIC IMPLICATIONS

General subsidence of the entire Michigan basin
area continued during interval B time. In at least two
parts of the basin the subsidence amounted to more
than 1,300 feet (pl. 10, fig. 2). Differential tectonic ac-
tivity was at a minimum; the Kankakee arch was not
active, and detrital material was deposited across the
arch from the Michigan basin to the Illinois basin. The
Findlay arch was active in the latter part of interval B
time when it was elevated sufficiently to prevent the
transport of detrital material from the Michigan basin
across the arch into Ohio.

INTERVAL C
FORMATIONS INCLUDED

The Michigan Formation and the Bayport Limestone
compose interval C, which includes rocks generally of
Meramec age. The Michigan Formation overlies the
Marshall Sandstone conformably. The Bayport
Limestone conformably overlies the Michigan Forma-
tion but unconformably underlies the Saginaw Forma-
tion of Pennsylvanian age.

The Michigan Formation consists of gray to dark-
gray and greenish-gray shale, limestone and dolomite,
and thin lenses of sandstone, anhydrite, and gypsum
(pl. 9-E, secs. B—B’, C—C’). The formation is exposed in
Kent, Huron, and Iosco Counties, Mich. (fig. 8).
Limestone is most abundant in the Michigan Formation
on the north side of the basin. Gypsum beds in the
Michigan are being mined at Grand Rapids and are
being quarried at Alabaster and National City, Iosco
County, Mich. The aggregate thickness of the gypsum
in the mined areas is about 40 feet, and in the Central
Basin area it is about 100 feet (chap. T, fig. 93). One 30-
to 40-foot thick zone of anhydrite, which consists of
three separate beds of anhydrite alternating with
shale, can be traced throughout the central part of the

'basin by electric logs. The Michigan Formation

thickens northward from less than 100 feet in Jackson
County, Mich., to about 500 feet in Missaukee County,
Mich.

The Bayport Limestone is light-buff and light-brown
limestone that is cherty and sandy in part (pl. 9-E, secs.
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B-B’, C—C’). In many places the formation consists
largely of light-gray sandstone interbedded with
limestone. The sandstone is white, coarse grained, and
generally poorly cemented and is most abundant in the
lower part of the formation. The Bayport is generally
less than 100 feet thick although it ranges in thickness
from a featheredge to 120 feet; in some places, it has
been removed by erosion in Late Mississippian time.
The fauna of the Bayport, which is the youngest
Mississippian unit in the Michigan basin, indicates cor-
relation with the St. Louis Limestone and possibly some
of the Ste. Genevieve Limestone of the Mississippi
Valley (G. M. Ehlers, oral commun., 1948; Mackensie
Gordon Jr., oral commun., 1964). The Bayport
Limestone, which was originally called the Point aux
Gres Limestone, is exposed in Michigan at Bay Port,
Huron County, at Grand Rapids, Kent County, at
Bellevue, Eaton County, near Parma, Jackson County,
on Charity and other islands in Saginaw Bay, and at
Point aux Gres and other localities in Arenac County.

UPPER BOUNDARY OF INTERVAL C

The top of interval C is an unconformity above which
are rocks of Pennsylvanian age everywhere in the
basin.

THICKNESS TRENDS

In general, interval C shows greater range in thick-
ness (pl. 5-A) than other intervals because it was varia-
bly eroded in the latter part of Mississippian time. On
some of the major folds around the basin beyond the
subsurface extent of interval C, erosion has removed in-
terval C and cut well into interval B. Interval C has its
greatest thickness, a little more than 570 feet, in the
central part of the basin but is almost as thick in the
southwestern and northeastern parts. In the area
where interval C is overlain by the Saginaw Formation
at the base of the Pennsylvanian, the thickness ranges
from 100 feet in southern Michigan to more than 570
feet in the northwestern part of the Central Basin area.

LITHOFACIES TRENDS

The lithofacies map of interval C (pl. 5-B) shows
more diversity than the lithofacies maps of intervals A
and B and reflects the more heterogenous character of
rock types in interval C. In general, more fine detrital
material was deposted in the eastern and southern part
of the Michigan basin than in other parts, and more
carbonate and evaporite was deposited in the western
and northern parts of the basin.

Post-interval C erosion and irregular distribution of
the numerous rock types in interval C combine to mask

(pl. 5-B) some of the details of lithofacies trends of the
interval. The anhydrite in the Michigan Formation
thickens basinward, and the limestone and dolomite
beds are most abundant in the northern part of the
Central Basin area. The lithologic composition of the
Bayport Limestone is variable from place to place. The
sandstone, which is more abundant in the lower part of
the Bayport, is interbedded upward with the limestone
and dolomite, and, in some places, the formation is
largely sandstone. The Bayport is the youngest unit to
be affected by the Late Mississippian uplift, folding, and
erosion in the Michigan basin. Consequently, it was
deeply eroded, and in places it was entirely eroded from
some major anticlines.

SOURCES OF SEDIMENT AND ENVIRONMENTS OF
DEPOSITION

During interval C (Meramec) time, the Michigan
basin continued to receive clastic sediment which was
brought into the sea from a northeastern source (pl. 10,
fig. 3). Periodically, the basin was cut off from the
Mississippian seaways, and anhydrite was deposited.
Because of the large number of individual beds of
anhydrite and gypsum in the Michigan Formation, the
basin area must have had an arid climate.

In Bayport time, clean white sand was brought into
the basin from the north, and limestone was deposited
over the entire basin area. In places, the streams
emptying into the Bayport Sea carried much silica, as
indicated by the amount of chert in the limestone.

PALEOTECTONIC IMPLICATIONS

The Michigan basin was intermittently negative dur-
ing most of interval C (Meramec) time and subsided
locally at least 570 feet to accommodate the preserved
thickness of rocks. The periodic isolation of the basin,
indicated by the evaporite beds of the Michigan Forma-
tion, probably was due in part to periodic uplift of the
Findlay and Kankakee arches along the southern
margin of the basin.

INTERVAL D

Fossils of interval D (Chester) age have not been
found in the youngest Mississippian rocks in Michigan,
and it is concluded that rocks of Chester age were not
deposited in Michigan.

During latest Meramec and Chester time, after
deposition of the Bayport, the basin was folded and
uplifted, and the Mississippian sea withdrew south-
ward. On some large anticlinal folds, several hundred
feet of Mississippian rocks were removed during this
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period of erosion, and, in some places, subsequently
deposited Pennsylvanian rocks rest on the Coldwater
Shale of interval B. The anticlinal folds produced in the
basin at this time all trend northwest to southeast with
the exception of folds in southwestern Michigan where
the trend is generally north and south. The major folds
are 3 —10 miles long and 2 —4 miles wide, and they have
40 —200 feet of closure. Some of the principal folds that
developed at this time were undoubtedly reactivated old
Precambrian structures. The uplift and folding was the
most intense tectonic activity in this area since
orogenic movements at the close of Early Ordovician
time.

During Chester time detritus was carried from the
Canadian Shield across the Michigan basin by a river
system called the Michigan River (Swann, 1964). The
sediment was deposited in a delta system in Indiana
and Illinois. (See fig. 4, pls. 10, 11, 12.)

TOTAL THICKNESS OF MISSISSIPPIAN
ROCKS

THICKNESS TRENDS

Mississippian rocks are about 1,500 feet thick near
the margin of the overlying Pennsylvanian rocks, and
the thickness ranges from 1,800 to 2,100 feet in the
central part of the basin (pl. 7). The greatest thickness
of rocks of Mississippian age was penetrated in a well in
Arenac County, Mich. (fig. 8), on the north side of
Saginaw Bay (pl. 7). In this well (the Basin Oil Co.
Tawas 1, sec. 14, T. 20 N., R. 7 E.), there is about 450
feet of interval A, 1,480 feet of interval B, and 430 feet
of interval C, for a total thickness of 2,360 feet. The zero
thickness line of Mississippian rocks extends into
northwestern Ohio, northern Indiana, and across the
northern tip of the Southern Peninsula.

PALEOTECTONIC IMPLICATIONS

Mississippian rocks in the Michigan basin were
deposited during continuous subsidence through Kin-
derhook, Osage, and at least a considerable part of
Meramec time. The combined thicknesses of intervals
A, B, and C suggest a somewhat irregular pattern of
subsidence; parts of the basin subsided more than 2,300
and 2,100 feet, whereas most of the central part of the
basin subsided only about 1,800 feet (pl. 7). The details
of this irregular pattern of subsidence are uncertain
because of pre-Pennsylvanian erosion (pl. 9-E, secs.
B-B', C-C).

No detrital materials were derived from the immedi-
ate margins of the basin. Positive structures, such as
the Kankakee and Findlay arches, served only briefly

as barriers to transport of sediment; they were not
sufficiently uplifted to serve as sediment sources.

In late Meramec or Chester time the region was
uplifted and was eroded and was subsequently covered
by Lower Pennsylvanian rocks. The erosion was ac-
complished by generally southward-flowing streams,
and sediment was transported across the area to sites
of deposition farther south.

GEOLOGIC UNITS DIRECTLY ABOVE
MISSISSIPPIAN SYSTEM

UNITS OVERLYING MISSISSIPPIAN

Over an area of about 11,500 square miles in the
Southern Peninsula of Michigan, the Saginaw Forma-
tion of Pennsylvanian (Morrow) age rests on the eroded
top of the Mississippian sequence (pl. 8). The Saginaw
Formation consists of lenticular sandstone, gray, dark-
gray, and black shale, and some argillaceous limestone.
In the northwestern part of the area of Pennsylvanian
rocks, the lower part of the Saginaw includes red and
green shale and some buff limestone. In the southern
part a lenticular coarse-grained sandstone, the Parma
Sandstone Member of the Saginaw, rests on the
Mississippian.

Red-bed deposits of Jurassic age that overlie Penn-
sylvanian rocks in the Michigan basin extend beyond
the boundary of the Pennsylvanian and rest on
Mississippian strata in small areas on the west and
north sides of the basin. The sequence of red beds con-
sists of poorly consolidated deposits of clay, shale,
sandstone, and some gypsum. The age of these deposits
has been in question, but spore studies of drill samples,
by Aureal Cross and his students of Michigan State
University (oral commun., 1965) have indicated a Late
Jurassic (Kimmeridgian) age for these rocks.

Pleistocene drift (not shown on pl. 8), which blankets
Michigan generally to a depth of 200-300 feet but
locally to 1,000 feet, rests on the eroded Mississippian
rocks beyond limits of the Pennsylvanian rocks and the
Jurassic red-bed sequence.

SUMMARY

Deposition of detrital material in the Michigan basin
continued from late Devonian time into Kinderhook
(Mississippian) time. Following uplift of the Canadian
Shield to the northeast and deposition of the Bedford
and Berea Formations in the Thumb delta in the
eastern part of the Southern Peninsula and uplift of the
Wisconsin highlands and deposition of the Ellsworth
Shale on the west side of the State, very quiet condi-
tions prevailed and little material was transported into
the basin. Under these quiet conditions, near the close
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of Kinderhook time, the black Sunbury Shale was
deposited over the basin with the exception of the most
western part.

Further uplift of the Canadian Shield to the north-
east in Osage time provided detrital material for the
thick Coldwater Shale. Coarse sandstone was deposited
in the Coldwater in eastern Michigan, and thin beds of
limestone were deposited in the shale in western
Michigan. Near the close of Osage time, the Canadian
Shield was further uplifted to provide the sand for the
Marshall Sandstone that was deposited across the
basin. The Wisconsin highlands were uplifted also and
provided sand to the Marshall Sea in western Michigan.

In Meramec time, subsidence of the basin was suffi-
cient for the shallow sea to periodically receive mud,
silt, and some sand washed in from the adjoining land-
mass. Also, the sea was restricted periodically, and
calcium carbonate and calcium sulphate were precipi-
tated in an evaporating environment. Periodic uplift of
the Kankakee and Findlay arches probably caused the
restriction of the early Meramec Sea. In the latter part
of Meramec time, following deposition of the Michigan
Formation, the basin continued to subside and the
Bayport Limestone was deposited. Some clean sand was
carried into the sea at that time; in places the Bayport
includes lenticular masses of sandstone with the
limestone.

At the close of Meramec time, the sea withdrew for
the remainder of Mississippian time. Folding and ero-
sion took place during Chester time. The Kankakee and
Findlay arches south of the basin were elevated. As
much as several hundred feet of Mississippian rocks
was removed from some of the major anticlines in the
basin. The upper part of the Coldwater Shale, the
Marshall Sandstone, the Michigan Formation, and the
Bayport Limestone were eroded from the top of folds in
the vicinity of Saginaw Bay, and in Arenac, Bay, and
Tuscola Counties, Mich.

The folds throughout the basin generally trend
northwestward except in southwestern Michigan where
they trend almost northward. They have closure of
30200 feet and are generally broad folds, some of
which extend 310 miles.

During Chester time clastic sediments were carried
from the Canadian Shield across the Michigan basin by
ariver system called the Michigan River (Swann, 1964)
to a delta system in Indiana and Illinois. The Canadian
Shield continued to furnish clastic sediments for the
Michigan basin during Pennsylvanian time (Siever and
Potter, 1956).
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EASTERN INTERIOR BASIN REGION

By EDWARD G. SABLE

ABSTRACT

Mississippian history in the Eastern Interior basin, Missouri, west-
central Tennessee, and parts of eastern Kentucky is largely one of
marine deposition in shallow cratonic basins and on shelves and plat-
forms. Strata here designated as intervals A, B, C, and D broadly cor-
respond to the Kinderhook, Osage, Meramec, and Chester Series,
respectively. Maximum thicknesses of more than 3,200 feet of
Mississippian strata were deposited in the Eastern Interior basin,
about 700 —900 feet on margins of the Appalachian basin, more than
400 feet in the Forest City basin, and more than 400 feet in south-
western Missouri; thinner deposits accumulated on adjacent arches
and uplifts. Positive elements from which Mississippian strata have
been largely eroded and which were alternately submergent and
emergent during the Mississippian were the Cincinnati arch, the
Wisconsin arch and La Salle anticlinal belt, the Ozark uplift, and the
Kankakee arch. Variations in depositional thicknesses result from
differential tectonic movements and also from slight topographic
relief which was caused by uneven accumulation of sediment.
Lithologic analysis indicates a wide variety of complexly related
detrital, chemical, and biologically derived sediments. Crustal in-
stability within parts of the region is recorded by unconformities, but
widespread hiatuses induced by epeirogenic movements do not exist
within rocks of the system.

Carbonate rocks, both chemically precipitated and biologically
derived, dominate the Mississippian rocks in the region. Carbonate
strata, overlapping from the west, covered extensive areas by the end
of interval A time. During interval B, carbonates, which were in-
itially restricted to western areas, again spread eastward as deposi-
tion of terrigenous detritus waned and reached their maximum ex-
tent during interval C. Although areally more restricted in interval
D, carbonate rocks periodically accumulated over large areas in and
beyond the Eastern Interior basin and eastern Kentucky. Evaporites
deposited during mid-interval C time marked an episode of restricted
circulation probably related to tectonic movements.

Land-derived detrital rocks constitute about one-third of the total
preserved Mississippian succession. In order of importance based on
the volume of sediment contributed, the source areas were highlands
northeast and east of the present Appalachian Mountains, the
eastern Canadian Shield, parts of the Transcontinental arch in Min-
nesota and Wisconsin, the Ozark uplift, and the Cincinnati arch. The
presence of southern source areas is uncertain. Large volumes of
detritals from northeastern sources were carried into the eastern
part of the region by major river systems and accumulated as deltaic
complexes during intervals B and D times; lesser amounts came from
north and northwest sources during interval A and possibly intervals
B, C, and D, and small volumes were shed from Ozark uplift sources
during interval A and possibly intervals C and D times. The Cincin-
nati arch, chiefly a barrier to sediment dispersal, probably con-
tributed small amounts of detritus during early interval B and during

interval C. Siliceous and cherty rocks are abundant in interval B
rocks in the southern part of the region; southern or eastern sources
may have contributed clay-size detrital silica in these areas. Sources
in northern Canada may have contributed to interval D detrital
rocks.

Shallow-water to very shallow-water neritic marine-sedimentary
environments predominated over large areas of the region during the
Mississippian, but deepwater neritic environments were present in
the central and southern parts of the region during interval B and
probably during interval C.

Seas generally opened and deepened southward, and western con-
nections to widespread Mississippian seas across and north of the
Ozark uplift and eastern connections to Appalachian Mountains
areas through the Cumberland saddle were open during much of the
Mississippian. Deposits of intervals A, B, and C also indicate marine
connections to a sea in the Michigan basin. Littoral and continental
environments characterized large areas periodically during interval
D. In general, low-energy environments are shown by the fine grain
size of interval A'rocks, and progressively higher energies are indi-
cated by coarser and better sorted rocks in interval B and early inter-
val C, except in the deeper parts of the basins. Mid-interval C
deposits show low-energy conditions; alternations of high- and low-
energy environments characterize interval D. Mississippian rocks at-
test to a mild climatic regimen during the period with aridity in mid-
interval C time, and possibly a wet climate periodically during inter-
val D.

Structural features having northeast and northwest structural
trends, mostly inherited from Late Devonian time, characterized the
Mississippian tectonic framework; northeast-trending negative ele-
ments responded most actively to tectonic stresses. Positive ele-
ments — the Ozark uplift, the Cincinnati arch, and the La Salle anti-
clinal belt — strongly influenced Mississippian depositional patterns.
Crosscutting linear features, at present expressed as major fault
zones, may also have been active faultlines or hinge lines during the
Mississippian.

Tectonic movements affecting the region during Mississippian
time included relative uplift and partial emergency of the Transcon-
tinental arch, and corresponding subsidence of a subparallel north-
east-trending trough across the central part of the region following
interval A time. A regional southwest-dipping paleoslope developed
during interval B and persisted during succeeding intervals.
Renewed relative uplift of major positive elements restricted seas
during mid-interval C time. At about the close of interval D time, a
major episode of southward tilting and general emergence took place,
preceding deposition of Pennsylvanian sediments. These structural
movements were accompanied by widespread channel cutting and by
beveling of strata near basin margins and on some gentle uplifts
within the basin. 59
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REGION DEFINED

This chapter deals with Mississippian rocks in
Missouri and Illinois, western and southern Indiana,
west-central Tennessee, and all of Kentucky except the
eastern subsurface and southeastern counties. The
chapter was initially written prior to 1970; a few perti-
nent additions have been added to approximately 1973.

The centrally located Eastern Interior basin (fig. 10)
is the major negative element of the region and encom-
passes much of Illinois, Indiana, and Kentucky, and
parts of Missouri and west-central Tennessee. Portions
of other basins included in the region are the western
margin of the Appalachian basin in eastern Kentucky,
eastern part of the Forest City basin in northwestern
Missouri, and shallow negative features in south-
western Missouri. Major positive cratonic features
which serve to outline the Eastern Interior basin are
the Cincinnati arch — including the Jessamine dome,
Cumberland saddle, and Nashville dome — the
Kankakee arch, the Ozark uplift, and Pascola arch.
Lesser features which bound the western margin of the
basin are the Mississippi River arch, the Lincoln and
Dupo anticlines, and the Ste. Genevieve fault. The
northern margin is bounded by east-trending anticlinal
structures which appear to be related to the southern
part of the Wisconsin arch.

The faults shown in figure 10 moved largely after
deposition of Mississippian rocks, the basins, domes,
arches, anticlines, and synclines are syndepositional, as
well as postdepositional, features that influenced late
Paleozoic deposition.

The north-northwesterly trending Eastern Interior
basin is interrupted by two major intrabasinal struc-
tural features, the La Salle anticlinal belt and the
Rough Creek fault zone. These and several lesser struc-
tural features in Illinois and Kentucky delineate two
main negative elements within the major basin, the
Fairfield basin in southeastern Illinois and the Moor-
man syncline in western Kentucky. The Eastern In-
terior basin contains structural features which are in-
termediate in trend to the northeast strike of the Ap-
palachian Mountains belt and the largely northwest
trends in the Ozark uplift and Pascola arch. Structural
relief of the Eastern Interior basin is greater than
12,000 feet. Domes and cryptoexplosive structures
locally interrupt major structural trends in several
areas.

Many workers use the terms “Illinois basin” or “Il-
linois-Indiana-Kentucky basin” as synonymous with
the Eastern Interior basin. Others restrict the term “Il-
linois basin” to the negative element between the
Ozark uplift and the La Salle anticlinal belt and call the
areas east and south of the La Salle belt the Indiana —

West Kentucky basin. Synonyms which have also been
applied to the basin in western Kentucky include the
West Kentucky coal basin or Western coal basin to dis-
tinguish it from the marginal parts of the Appalachian
or Eastern Coal basin in eastern Kentucky.

MISSISSIPPIAN ROCKS AND CLASSIFICATION

Mississippian rocks crop out near major positive
structures or along basin margins (pl. 1). Because of a
scarcity of outcrops and an extensive cover of Pennsyl-
vanian strata, most of the data in this chapter were
synthesized from subsurface information.

The region was almost continuously inundated by
Mississippian epeiric seas in which many kinds of
detrital and chemical sedimentary rocks were
deposited. Terrigenous clastics, mostly deposited in
deltas, were derived from major source areas east,
northeast, and north of the region through much of
Mississippian time, and lesser source areas, such as the
Ozark uplift, contributed sediments intermittently.
Carbonate deposits formed in areas adjoining lobes of
detrital sediments or, during times when little detritus
was being deposited, throughout most of the region.
Arid climate and restricted circulation during middle
Mississippian time produced fairly widespread
evaporite beds. The Upper Mississippian sequence is
characterized by rhythmic alternations of carbonate-
dominated and terrigenous detrital-dominated strata.

The Eastern Interior basin region contains the stan-
dard type region for the Mississippian System in North
America. Series divisions of the Mississippian are
named for exposures near Kinderhook in western II-
linois, the Osage River in western Missouri, the
Meramec River in southeastern Missouri, and the
Chester district in southwestern Illinois. The original
term “Mississippi group” was proposed by Winchell
(1869, p. 79), and revived as ‘“Mississippian” by
Williams (1891, p. 135) to replace the European term
“Subcarboniferous.” The term “Mississippian Period”
was first formally used by Chamberlin and Salisbury
(1906, p. 496), and the corresponding term “Mississip-
pian System” has gained wide acceptance in the United
States (Weller and others, 1948, p. 97). Several twofold
to fivefold series subdivisions of the Mississippian
System have been proposed in the Eastern Interior
region. The standard provincial series now recognized
by the U.S. Geological Survey and several State surveys
in the Eastern Interior basin and adjoining Missouri
areas include the terms Kinderhook (Meek and
Worthen, 1861), Osage (Branner, 1888), Meramec
(Ulrich, 1904), and Chester (Worthen, 1860, p.
312-313). These names were first consolidated into the
Mississippian by Ulrich in 1904 and further elaborated
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by him in 1905. The Illinois State Geological Survey
currently uses a threefold series subdivision — the Kin-
derhookian, Valmeyeran (combined Osagean and
Meramecian), and Chesterian Series. The U.S. Geologi-
cal Survey uses a twofold designation — Lower
Mississippian Series (Kinderhook and Osage
equivalents) and Upper Mississippian Series (Meramec
and Chester equivalents).

Classification of Mississippian and adjacent strata in
the region, other than the conventional rock-
stratigraphic (group, formation, member) and time-
stratigraphic (system, series, stage) designations in-
clude informal classifications such as megagroup
(Swann and Willman, 1961) and sequence (Sloss and
others, 1949; Sloss, 1963) (fig. 11). Although the
megagroup and sequence concepts are valuable in
establishing a general framework within which
Mississippian events can be placed, this chapter utilizes
the formal and local rock and time divisions.

PALEOGEOLOGY
DEVONIAN-MISSISSIPPIAN BOUNDARY
MISSISSIPPI RIVER VALLEY AND ADJACENT AREAS

Uncertainty regarding the position of the Devonian-
Mississippian boundary in North American has, in the
past, stemmed from (1) lack of agreement concerning
placement of the Devonian-Carboniferous boundary in
Europe, (2) the fact that the historical Devonian stan-
dard section for the United States, in New York State,
is distant from the Mississippi Valley type Mississip-
pian sections, and (3) lack of agreement on strati-
graphic relationships and faunal correlations of sec-
tions spanning the boundary in the Mississippi Valley
itself. Criteria for the Devonian-Carboniferous bounda-
ry placements in Eurasia were reviewed by Mamet
(1967) and for the Devonian-Mississippian boundary
along the cratonic margin of the United States by
Gutschick and Moreman (1967). Early concepts requir-
ing diastrophism as the basis for major time subdivi-
sions are now considered obsolete, and the faunal ele-
ments across the Devonian-Carboniferous and Devo-
nian-Mississippian boundaries in the principal sections
in Europe and the United States are generally, but not
universally, considered to be transitional.

Besides the ammonoid, brachiopod, and coral macro-
faunas that have been used in placement of the bound-
aries, conodonts and spores are currently considered to
be pertinent to the problem. Conodonts seem to be the
most reliable faunal elements for separating Devonian
and Mississippian rocks. Gutschick and Moreman
(1967) cited important contributions to conodont zona-
tion in the United States, including the pioneering

efforts in the Upper Mississippi Valley and Missouri by
Branson and Mehl (1933a, b, 1941) and in Indiana by
Huddle (1934). Assignments of units in the Mississippi
Valley in the present report follow the classification of
Scott and Collinson (1961) and Collinson (1961). Cor-
relations with European conodont assemblages were
discussed by Collinson, Scott, and Rexroad (1962).
Further refinements of the Devonian-Carboniferous
boundary in the United States and Europe using cono-
donts and spores are reported by Sandberg, Streel, and
Scott (1972), who discussed conodont zonation and
spore assemblages in the Upper Mississippi Valley.

In most areas in the eastern interior of the United
States, units of dark shale with sparse macrofauna
separate undoubted rocks of the Devonian and
Mississippian Systems. These shale units, such as the
Hannibal, Saverton, Grassy Creek, New Albany, Chat-
tanooga, and Ohio Shales, have bezn variously placed in
one system or the other, or the systemic boundary has
been shown to lie within them. Lack of complete agree-
ment on the relative ages of fauna in limestone units
which separate the shale units, such as the Louisiana
Limestone, the “Glen Park” Formation of Illinois, and
the McCraney Limestone, has also added to the uncer-
tainty of boundary placement.

The Devonian-Mississippian boundary in the
Mississippi Valley used in this report is that of Collin-
son, Scott, and Rexroad (1962) and corresponds with
the top of the Louisiana Limestone and Saverton Shale.
These units, which probably intertongue, and the un-
derlying Grassy Creek Shale are assigned to the Devo-
nian. The “Glen Park” Formation' the Hannibal Shale,
and the Chouteau and McCraney Limestones are corre-
sondingly placed in the Mississippian. Gutschick and
Rodriguez (1967) placed the boundary stratigraphically
lower and considered the Louisiana and upper beds of
the Saverton to be of Mississippian age. Sandberg,
Streel, and Scott (1972) indicated a boundary very simi-
lar to that used in this report.

At some places in Missouri, as reported by Branson
and Mehl (1933a) and Mehl (1961), a faunal gap repre-
senting the latest Devonian occurs between the Saver-
ton and overlying Hannibal. They suggested on this
basis that a hiatus separates Devonian and Mississip-
pian strata regionally. Complete sequences, however,
were reported from the Mississippi Valley by Scott and
Collinson (1961, p. 117) who described a gradual transi-
tion of faunas across the Devonian-Mississippian
boundary there, although they recognized some local
disconformities (Collinson, 1961, fig. 3).

1 Used in quotation marks by the Illinois State Geological Survey to acknowledge that it is
a different rock unit than the Glen Park in Missouri, which is of Devonian age.
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Delineating the Devonian-Mississippian boundary in
western Illinois, southeastern Iowa, and eastern
Missouri is difficult, except in areas where conodont in-
formation is available, because of the following factors:

1. The lithologically distinctive Louisiana (pl. 2) and
“Glen Park” Formations, which bracket the
boundary in part of the Mississippi River valley,
are recognizable only within a narrow belt con-
necting west-central Illinois with southeastern
Iowa (fig. 4). In other parts of western Illinois and
northeastern Missouri, however, the Devonian-
Mississippian boundary is at the base of the Han-
nibal Shale which overlies the lithologically simi-
lar Saverton Shale. It is difficult to separate the
Hannibal and Saverton in the subsurface of
western Illinois and southeastern Iowa, and loca-
tions of the systemic boundary and zero limits for
the Hannibal, which constitutes most of Mississip-
pian interval A in these areas (pl. 3-A), are uncer-
tain.

2. In northeastern Missouri correlations based on
widely separated wells indicate that a unit called
the Louisiana Limestone, and generally considered
Devonian in age, may be in part or wholly
equivalent to the Chouteau and McCraney
Limestones or to the “Glen Park” Formation, all of
Mississippian age in Illinois (J. W. Koenig, oral
commun., 1963).

3. East and south of the limits of the Louisiana
Limestone and the “Glen Park” Formation in Il-
linois, a shale underlying the Mississippian
Chouteau Limestone and overlying the Devonian
Grassy Creek Shale represents both Saverton and
Hannibal equivalents (Lineback, 1964, fig. 4, p.
12-15; fig. 5, p. 16-18). Although the shale is
relatively thin, the positioning of a systemic
boundary within it strongly affects thickness and
lithofacies designation for the thin Mississippian
interval A rocks there.

Interval B strata, the Burlington and Fern Glen
Limestones, rest unconformably on Devonian rocks in
western Illinois and on rocks ranging in age from Or-
dovician to Late Devonian in southwestern Illinois and
southeastern Missouri. Interval B rocks also overlie
Devonian and older rocks on the northern and western
margins of the Ozark region. In the east-central and
central Missouri outcrop, Burlington and Pierson(?)
Limestones overlie Devonian rocks or the Devonian-
Mississippian Sulphur Springs Formation. Interval A
strata appear to be locally absent from the outcrop of
southwestern Missouri (Spreng, 1961, p. 53, 60) and the
interval B formations, the Pierson, Reeds Spring, Elsey,
and the Grand Falls Chert Member of the Boone For-
mation rest on Ordovician, Devonian(?), or unassigned
Devonian-Mississippian rocks. These occurrences
result from overlap by interval B sediments on areas of
nondeposition or truncation of interval A sediments.
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AREAS EAST OF THE MISSISSIPPI RIVER VALLEY

In Indiana, Kentucky, and Tennessee, the Devonian-
Mississippian boundary can be determined fairly
closely. The uppermost part of the New Albany Shale in
its type locality of southern Indiana spans the boundary
(Huddle, 1934; Campbell, 1946; Lineback, 1964). Mem-
bers of the New Albany as recognized by Lineback
(1968a) extend westward in the subsurface into Illinois
and Kentucky. The uppermost member in Indiana, the
Clegg Creek Member, spans the systemic boundary and
grades laterally into the undivided Hannibal and Saver-
ton Shales in Illinois, and is correlated with part of the
Ellsworth Shale of northern Indiana and Michigan.

The position of the Devonian-Mississippian bounda-
ry in northeastern Kentucky is not precisely known but
appears to lie within the basal few feet of the Bedford
Shale and Berea Sandstone, a detrital wedge which
separates the Mississippian Sunbury Shale and the
Devonian Ohio Shale. The basal part of the Bedford
Shale was reported by Hass (1947, p. 135-136) to be
“very close to the Devonian-Mississippian boundary”;
Scott and Collinson (1961, p. 118) suggested that cono-
donts in the basal Bedford are like those in the Loui-
siana Limestone. Southwestward, the uppermost few
inches of the New Albany Shale which represent the
distal edge of the Sunbury Shale are reported to be of
Kinderhook age as far southwest as southeast-central
Kentucky (Hass, 1947). Father south, in south-central
Kentucky, beds directly overlying the Chattanooga con-
tain Kinderhook conodonts in some localities, but late
Devonian (¢0VI) forms are recorded in others (J. W.
Huddle, written commun., 1964).

In western and southern Kentucky, conodont data
from the New Albany Shale, and from its correlative
the Chattanooga Shale, are sparse. Physical relation-
ships of the New Albany and Chattanooga with the
overlying Maury Formation and its lithic equivalents
indicate apparent regional conformity, although a
rather abrupt lithologic change from dark-gray shale to
greenish-gray glauconitic shale occurs at the contact.
Local unconformity is shown by scour channels in the
uppermost New Albany. These channels are filled with
siltstone of the Borden Formation at the base of inter-
val B (R. C. Kepferle, oral commun., 1967). Cross and
Hoskins (1951) cited paleobotanical data for assigning
a Mississippian age to part of the New Albany in west-
central Kentucky and Indiana. A hiatus between
greenish-gray shale (lithologically similar to the Ma-
ury) in the basal part of the Borden and dark-gray
shale in the subjacent New Albany Shale in west-
central Kentucky is suggested by conodonts of probable
late Burlington (Osage) age in the basal Borden (Rex-
road and Scott, 1964). Age of uppermost New Albany
beds in this area, however, is not known. Conodont data

indicate that the entire Chattanooga is Late Devonian
in age in Tennessee (Hass, 1956). The overlying thin
Maury Formation is of Kinderhook age in most areas
although, locally, Late Devonian forms occur in its
basal bed and early Osage forms are present in its up-
per part. Although there is little physical evidence of
unconformity between the Maury and Chattanooga, the
change in conodont assemblages may indicate an
obscure hiatus in deposition (Hass, 1956, p. 23). Scott
and Collinson (1961, p. 119) suggested correlation of
the uppermost part of the Gassaway Member of the
Chattanooga Shale in Tennessee with the Louisiana
Limestone in Illinois. |

In summation, a widespread hiatus between the two
systems (Mehl, 1960, 1961) is not generally recognized
in the eastern part of the region; if present it is an
obscure break that has not been clearly delineated by
faunal information or physical relationships.

AREAS WEST OF THE MISSISSIPPI RIVER VALLEY

In the subsurface of northwestern Missouri fossils
useful for dating are not known from the Kinderhook
shale, and correlations with units of known age in ad-
joining States are the bases for defining the Devonian-
Mississippian boundary. The upper part of the Kin-
derhook shale, including red mudstone and a hematitic
oolite horizon, is correlated with the Boice Shale
(Mississippian) of Nebraska (Reed, 1946; Koenig,
1961b, p. 48 —49). The lower part of the Kinderhook
shale is arbitrarily assigned to the Devonian to agree
with the tentative age assignment of the laterally con-
tinuous rocks in Nebraska (Carlson, 1963, p. 37). In
some Missouri well records, several beds of hematitic
oolite and red shale are reported in the shale unit; the
base of the uppermost oolitic bed is arbitrarily used to
demark the boundary in these wells.

The Chattanooga Shale of southwestern Missouri is
currently designated as Devonian or Mississippian by
the Missouri Geological Survey (Koenig, 1961b, p.
43 —44). Mehl (1961, p. 92) revived the name Noel Shale
for this unit and assigned it to the Upper Devonian.

Evidence for post-Devonian —pre-Mississippian ero-
sion north of Missouri consists of (1) the presence of the
thin basal hematitic beds and red shales in the part of
the Kinderhook shale equivalent to the Boice Shale
(Carlson, 1963, p. 43), (2) anomalous thinning of Upper
Devonian rocks, and (3) a red soil zone at the top of the
Devonian in Iowa (Harris, 1947). The hiatus suggested
by such evidence was short compared to the earlier,
Middle Devonian hiatus.

SUMMARY

On the basis of current conodont information, all or
the largest part of the black shale units are Devonian in
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age (pl. 15). The systemic boundary apparently lies
somewhat above the Ohio Shale in Ohio, but within the
uppermost beds of the New Albany Shale in Indiana.
The Chattanooga Shale of Tennessee and Kentucky
and the Grassy Creek and Chattanooga (or Noel)
Shales of southwestern Missouri are believed to be the
uppermost Devonian formations, as are formations
with different gross lithologic aspect — the Saverton
Shale and Louisiana Limestone. In northwestern In-
diana, a significant thickness of beds in the upper part
of the New Albany is considered to be Mississippian in
age (p. 68). The systemic boundary where it lies be-
tween the Saverton and overlying Hannibal is vague or
unrecognizable in many subsurface sections in central
and western Illinois and Missouri where the Louisiana
Limestone is absent, and the boundary between them is
picked arbitrarily in these sections. The Sulphur
Springs Formation is included with pre-Mississippian
rocks as are sandstone units which have been called the
Sylamore Sandstone Member of the Chattanooga in
Oklahoma, Bushberg Sandstone Member of the
Sulphur Springs Formation, or Bachelor Formation in
Missouri.? In northwestern Missouri, the boundary is
placed within the Kinderhook shale. Unconformities be-
tween Mississippian and older rocks are common in the
western part of the region; evidence of hiatus between
Devonian and Mississippian rocks is known at only
scattered localities in the eastern part.

UNITS UNDERLYING MISSISSIPPIAN

Upper Devonian rocks underlie the Lower Mississip-
pian strata in the Eastern Interior basin region (pl. 2)
everywhere except marginal to the Ozark uplift and in
the area between the Pascola arch and Nashville dome.
In these areas the rocks below Mississippian strata
range in age from Early Ordovician to Middle Devo-
nian. The pattern of distribution of rocks under the
Mississippian is largely the result of Early and Middle
Devonian erosion in much of the region, as well as less
intense erosion prior to and during Early Mississippian
time in the Ozark part of the region.

Mississippian rocks directly overlie units of Silurian
and Devonian ages (Decatur Limestone and Ross For-
mation) in small areas between the Pascola arch and
Nashville dome in west-central Tennessee (pl. 2). Ac-
cording to Conant and Swanson (1961, p. 53), the areas
were islands during deposition of the Late Devonian
Chattanooga Shale.

West of the Eastern Interior basin, Lower Mississip-
pian strata of intervals A or B overlie Lower Ordovician

% The Sulphur Springs is considered to be a group by the Missouri Division of Geological
Survey and Water Resources (Koenig, 1961a, p. 43), with the Glen Park and the Bushberg as
the only proper formations of the group.

to Silurian rocks in areas around the Ozark uplift. In
southwestern Illinois and adjoining Missouri, Mississip-
pian interval B rocks overlap from east to west on the
truncated edges of Lower Devonian Clear Creek Forma-
tion, Silurian Edgewood, Bainbridge, and Kankakee
Limestones, Upper Ordovician Fernvale Limestone and
Maquoketa Shale, and Middle Ordovician Decorah
Shale and Kimmswick Limestone. Within the Ozark
region of Missouri, small outliers of Mississippian inter-
val B rocks directly overlie Lower Ordovician Rou-
bidoux and Jefferson City Dolomites (not shown on pl.
2). Ordovician rocks underlie Mississippian strata in a
broad area of western and southwestern Missouri and
include beds of Early Ordovician (Jefferson City and
Cotter Dolomites) and Middle Ordovician (St. Peter
Sandstone) age.

Middle and Upper Devonian rocks make up the up-
per part of the Hunton megagroup and the lower part of
the Knobs megagroup (fig. 11). The Middle Devonian
strata are largely carbonate rocks, but their upper beds
grade eastward into detrital rocks of the Knobs
megagroup. Upper Devonian rocks are mostly fine-
grained detrital rocks of the Knobs megagroup but in-
clude minor carbonate-dominated units such as the
Louisiana Limestone in the western part of the region.

Middle and Upper Devonian silty mudstone of the
Knobs megagroup directly underlie Mississippian rocks
with apparent conformity in most of the region north-
westward from eastern Kentucky and west-central
Tennessee to beyond northern Missouri. The
mudstones include the widespread Devonian-Mississip-
pian black shales and associated gray shales: the Chat-
tanooga, most of the New Albany, the Grassy Creek,
and the Saverton Shales, and the lower part of the Kin-
derhook shale.

Thin sandstone units —the Bushberg Sandstone
Member of the Sulphur Springs Formation and the
Sylamore and Hardin Sandstone Members of the Chat-
tanooga Shale — underlie the black shales and uncon-
formably overlie older Paleozoic rocks in many areas.
Rocks referred to the Sylamore Sandstone Member in
western Missouri are more widely distributed than
shown on plage 2. Where Devonian black shales are ab-
sent, in the Ozark region, the sandstones are overlain
by the Mississippian Bachelor Formation which, accord-
ing to Mehl (1961, p. 91 -92), has been mistakenly cor-
related with Devonian sandstones. Because the
Bachelor is not differentiated in most described sec-
tions, it is not included in the accompanying maps. Dis-
continuous sandy clay, referred to as the detrital zone
by Missouri geologists, however, is recorded beneath
known Mississippian rocks at a few localities in west-
central Missouri and may represent the Bachelor. The
detrital zone and the other detrital units are collec-
tively grouped with pre-Mississippian rocks on the
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geologic map (pl. 2), but their distribution is more
widespread than shown.

The Louisiana Limestone and partly equivalent
Saverton Shale are the youngest Devonian rocks in
western Illinois and northeastern Missouri (Collinson,
1961, p. 103 -104). The Louisiana (fig. 13) lies in a nar-
row arcuate belt extending from Iowa across north-
eastern Missouri to central Illinois, and the bulk of the
Saverton Shale lies within and north of this belt. This
belt was later a belt of subsidence in Mississippian in-
terval A time (pl. 3-A).

In east-central Missouri, the Sulphur Springs Forma-
tion (fig. 13; pl. 2) consists of limestone and mudstone
(Glen Park Limestone Member) and overlying
sandstone (Bushberg Sandstone Member). The Sulphur
Springs overlies Ordovician and Devonian rocks and
underlies several Mississippian units. The component
units of the Sulphur Springs are considered to be mostly
of Late Devonian age by Mehl (1961, p. 92). The
Sulphur Springs is excluded here from the Mississip-
pian.

The Upper Devonian Snyder Creek Shale, which is
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dominantly mudstone with scattered beds of limestone
and sandstone, underlies Mississippian rocks of inter-
vals A and B in central Missouri. It is of small areal dis-
tribution and is mapped with the underlying Callaway
Limestone to comprise the rocks labeled as Upper and
Middle Devonian on plate 2.

PALEOTECTONIC IMPLICATIONS

Tectonic elements that influenced depositional and
erosional patterns of Middle and Upper Devonian sedi-
ments within the Eastern Interior basin were discussed
by Workman and Gillette (1956), Meents and Swann
(1965), and Collinson and others (1967); such elements
in Tennessee areas were discussed by Conant and
Swanson (1961).

After widespread uplift and truncation of older units,
Middle Devonian carbonate units were deposited. Posi-
tive structures along which Middle Devonian unconfor-
mities are known, or which separate different rock
assemblages, include the Cincinnati arch, Ozark uplift
and adjoining Sparta shelf, Kankakee arch, and
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FIGURE 12.—Thickness of Middle Devonian rocks (of Erian age in and east of central Kentucky) and their relation to major structures in the
Eastern Interior basin and adjoining regions. From Collinson and others (1967), Oliver and others (1967), and North (1969).
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Sangamon arch (fig. 12). Depressions with relatively
thick carbonate rocks include the southern part of the
Fairfield basin, the Wittenberg trough, and the north-
ern Missouri-southwestern Iowa area (Collinson and
others, 1967, p. 950). The narrow Wittenberg trough
was an unusually deep structural trench, now marked
by faults, between the Ozark uplift and the Eastern In-
terior basin to the east (Meents and Swann, 1965, p.
12-16). Although modified and distorted by post-
Mississippian movements, this linear feature may
represent a continuing zone of crustal weakness and
may have been part of the structural and depostional
framework during the Mississippian. (See p. 71, 73, 88,
95.)

Acadian tectonism east of the region during late
Middle and Late Devonian time heralded the onset of
mud and silt deposition from the east. Although Upper
Devonian black shales extended throughout most of the
region east of the Ozark region, their thickness trends
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(fig. 13) indicate the continuing positive nature of the
previously listed arches except for the Sangamon and
perhaps Kankakee arches. The thin Devonian shale se-
quence in north-central Missouri seems to indicate the
presence of a northwest-trending arch in this area.

Depressions during Late Devonian time are shown
by westward thickening of black shales into the Moor-
man syncline and the southern part of the Fairfield
basin, and by the mildly depressed Petersburg basin
north of the Vandalia arch. In Missouri the Forest City
basin and a weak basin in southwestern Missouri,
possibly a part of the Arkoma basin, were present in
the Late Devonian.

INTERVAL A
INTRODUCTION

Rocks assigned to interval A are generally those of
Kinderhook age and are widespread in the Eastern In-

86° 84°
f

MICHIGAN
BASIN

MICHIGAN
— TX200 =

04—

N -

Moom\%®
SYNCLINE

SOUTH CAROLINA

~
ALABAMA \ GEORGIA \\

| \ 1 \\L

FIGURE 13. — Thickness of Upper Devonian rocks and their relation to major structures in the Eastern Interior basin and adjoining regions.
Modified from Collinson and others (1967), Oliver and others (1967), Conant and Swanson (1961), and Harris (1947).
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terior basin region. They are continuous with rocks of
Kinderhook age that are assigned to interval A in the
Appalachian basin and the midcontinent region. In the
eastern part of the region, interval A rocks are ter-
rigenous clastics, the volume and areal distribution of
which are less than those of Late Devonian age but
which were probably derived from the same general
source region. Carbonate rocks, deposited in the
western part of the region throughout interval A time,
intertongued with and onlapped detrital units in the
central part of the region during late interval A time.

Results of many early investigations of Lower
Mississippian rocks dating from the mid-19th century
have been reported. The early writings are reviewed by
Cumings (1922, p. 486). Other reviews incorporating
later work include: for eastern Kentucky, McFarlan
(1943, p. 57-59); for Tennessee, Conant and Swanson
(1961, p. 63); for Indiana, Cumings (1922, p. 486),
Stockdale (1931, p. 1415, 71 —74); for Illinois, Collin-
son (1961); and for Missouri, Moore (1928), Branson
(1944), and Spreng (1961, p. 53 —58). Detailed strati-
graphic studies include: eastern Kentucky, Pepper, de
Witt, and Demarest (1954, p. 11 —13); Tennessee and
southern Kentucky, Conant and Swanson (1961, p.
62 —69); Illinois, Workman and Gillette (1956) and
Buschbach (1952); Missouri, Moore (1928), Branson
and Mehl (1938), and Beveridge and Clark (1952).
Some of these reviews also contain results of biostrati-
graphic studies. In more recent years, conodont faunas
have been extensively used in determination of age
relationships for Kinderhook rocks. Early work in
Missouri (Branson and Mehl, 1933a, b, 1938, 1941; E. R.
Branson, 1933) and Indiana (Huddle, 1934) has been
extended by numerous studies elsewhere. Some of these
are: Rexroad and Scott (1964) in Indiana; Hass (1956)
in Tennessee and parts of Kentucky and Ohio; Collin-
son, Scott, and Rexroad (1962) and Scott and Collinson
(1961) in Illinois.

FORMATIONS INCLUDED
AND STRATIGRAPHIC RELATIONS

All or parts of more than 15 formations are assigned
to interval A in the Eastern Interior basin, eastern
Kentucky, west-central Tennessee, and Missouri (pl.
15). The large number of formational names reflect
lithologic distinctions in widely separated areas; a few
of the formation names represent provincial designa-
tions for identical units. In most of the region, bound-
aries of interval A coincide with formation boundaries
and the interval includes only rocks of Kinderhook age,
but in some areas, thin beds of Devonian or Osage age
are included at the base and top of the interval where
such beds cannot be easily differentiated. At a few
places, some beds of Kinderhook age cannot be separ-

ated from the underlying Devonian and are excluded
from interval A. Interval A rocks are here discussed
generally from east to west.

In northeastern Kentucky, rocks of interval A in-
clude the Bedford Shale, Berea Sandstone, and Sunbury
Shale. Although the basal Bedford has been assigned to
the Late Devonian (Hass, 1947) and the Sunbury is
Early Mississippian, the age of the upper part of the
Bedford and the Berea is uncertain. The Bedford and
Berea are discrete units in some areas but intertongue
in others (Morris, 1966a; Morris and Pierce, 1967).
Together, they form a wedge which thins to extinction
to the southwest and which is overlapped by the Sun-
bury Shale in east-central Kentucky. Thin Sunbury
equivalents, such as the uppermost beds of the New
Albany Shale, extend southwestward at least to south-
central Kentucky.

In Tennessee and Kentucky, south and west of the
Bedford and Berea wedge, green mudstone and phos-
phate nodules of the very thin Maury Formation and its
lithic correlatives in the basal Borden Formation and in
the Fort Payne Formation are widespread. Conodont
faunas in several outcrops in southern Kentucky and
Tennessee indicate that the Maury is a time equivalent
of most of the Bedford, the Berea, and the Sunbury
(Collinson and others, 1962, p. 13) and also that the Ma-
ury locally contains elements younger than the Sun-
bury (Hass, 1956, p. 23). In these areas, the Maury
seems to represent continuous deposition during most
or all of Kinderhook time (Conant and Swanson, 1961,
p. 67). In other areas, such as along the Cincinnati arch
in west-central Kentucky, Maury lithic equivalents
contain a mixed conodont assemblage of Devonian,
Kinderhook, and Osage age and are interpreted as a lag
deposit of an erosional or nondepositional hiatus, which
possibly extended through Kinderhook and early Osage
times (Rexroad and Scott, 1964).

In most of Indiana and parts of western Kentucky,
interval A is represented by the thin but widespread
Rockford Limestone. The Rockford contains both Kin-
derhook and Osage conodont elements (Rexroad and
Scott, 1964), but because of lack of criteria for division
in the subsurface, all the Rockford is here assigned to
interval A. Units in the upper few feet of the New
Albany Shale underlying the Rockford in the Indiana
outcrop belt are also of Kinderhook age (Huddle, 1934;
Campbell, 1946), but because these thin units have not
been traced in the subsurface, they are excluded from
interval A. In northwestern Indiana, however, a thicker
unnamed green shale in the uppermost New Albany
and underlying the Rockford is considered to be
Mississippian in age (Lineback, 1964, p. 56 —57); it is
equivalent to the Ellsworth Shale of Michigan and is in-
cluded in interval A.
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Rocks assigned to interval A in Illinois are con-
tinuous with those of Indiana and Kentucky are given
different formational names, and in the Mississippi
Valley area they also include several formations that
are not represented in the region farther east. In
general, interval A strata in Illinois consist of a lower
unit of mudstone, the Hannibal Shale, which is con-
tinuous with the uppermost beds of the New Albany
Shale of Indiana, and an upper carbonate-dominated
unit, the Chouteau Limestone, which is continuous with
the Rockford Limestone. The Hannibal thickens and
contains increasing amounts of siltstone and sandstone
to the northwest. The upper part of the Hannibal inter-
fingers with the lower part of the Chouteau (Collinson,
1961, p. 107). This gross twofold lithologic division is
recognizable to the west in north-central Missouri,
although more than two formations are distinguished
within the sequence in western Illinois and Missouri
and Iowa. The Hannibal Shale as now used by the II-
linois State Geological Survey is about the same as the
Hannibal Group of Workman and Gillette (1956) in II-
linois but excludes parts or all of the Maple Mill Forma-
tion of Workman and Gillette in some areas and
restricts their Glen Park Formation to a thinner dis-
continuous basal Mississippian unit (Collinson, 1961, p.
104-106). In western Illinois the “Glen Park” Forma-
tion, locally underlying the Hannibal, contains cono-
donts which probably represent the oldest Mississip-
pian assemblage in the Mississippi Valley (Collinson,
1961, p. 105). The “Glen Park” is included in interval A,
as are beds called the English River Siltstone in Illinois
well records. The English River Siltstone in Iowa,
however, is in part of Late Devonian age (Collinson,
1961, p. 106).

In extreme western Illinois, adjoining southeastern
Iowa and northeastern Missouri, interval A consists of
the North Hill Group (Workman and Gillette, 1956) and
includes, in ascending order: the McCraney Limestone
(dominantly carbonate), Prospect Hill Siltstone
(mudstone, siltstone, and sandstone), and Starrs Cave
Formation (dominantly carbonate). Because rocks of
the North Hill Group are not physically continuous with
the Hannibal and Chouteau strata to the southeast, cor-
relation of the McCraney with the Chouteau or with the
Louisiana Limestone has been debated for many years.
Correlation of the McCraney with part of the Chouteau
(Scott and Collinson, 1961, p. 119-120) is accepted in
this report. The underlying Hannibal (or English River)
and the overlying Prospect Hill contain siltstones and
sandstones which generally coarsen and become more
abundant to the northwest.

The undifferentiated Chouteau Limestone (Spreng,
1961, p. 53) makes up most of interval A throughout
northern Missouri, and, locally, it includes beds as

young as the Gilmore City Limestone of Iowa. It is un-
derlain locally by the Hannibal which thins to extinc-
tion towards the Ozark uplift (pl. 9-A, sec. e—¢'). In
northwestern Missouri the upper part of the Kin-
derhook shale, a westward-thickening wedge equivalent
to the Boice Shale of Nebraska and Kansas (Carlson,
1963, p. 12), is also present and is assigned to interval
A. In west-central and southwestern Missouri,
Chouteau is a group, subdivided in ascending order into
the Compton Limestone, Sedalia Limestone, and North-
view Shale (Beveridge and Clark, 1952, p. 71). The
Northview and Sedalia are interfingering facies
(Beveridge and Clark, 1952, p. 74). These formations
cannot be delineated everywhere, however, particularly
where the Northview is thin or absent and the Compton
is lithologically like the Sedalia. The Compton was con-
sidered by Spreng (1961, p. 53) to be equivalent to the
undifferentiated Chouteau of northeastern Missouri,
but the entire Chouteau Group of Missouri was equated
to the Chouteau of Illinois by Collinson (1961, p. 106).

UPPER BOUNDARY OF INTERVAL A

Rocks of interval A are overlain by Pennsylvanian
strata across north-central Illinois and western Indiana
and in scattered areas marginal to the northern and
western Ozark region. Cretaceous sedimentary rocks
overlie interval A on the margins of the Mississippi em-
bayment. Elsewhere, rocks of interval A are almost
everywhere overlain by rocks of interval B. Intervals A
and B generally appear to be conformable in most
places, although evidence of erosion or nondeposition
and angular relationship is present in several areas.

Fine-grained detrital rocks in the Borden Formation
in interval B overlie interval A in northeastern, south-
central, and west-central Kentucky, and in south-
western Indiana and eastern to southwestern Illinois.
(See pl. 9-B.) Judging from the widespread persistence
of thin units in interval A — including the Sunbury,
Maury, Rockford, and Chouteau — little or no erosion
preceded deposition of the Borden. A hiatus in the
eastern part of the region along the Cincinnati arch is
indicated, however, by conodont data from Indiana
(Rexroad and Scott, 1964) and parts of Kentucky (J. W.
Huddle, written commun., 1965), which show that basal
Borden beds in northern areas are older than those to
the south and probably indicate continuous deposition
in the north. The Rockford Limestone is locally absent
in the southern Indiana outcrop belt (Lineback, 1964),
and small channels filled by interval B rocks, which cut
interval A rocks and rest on older strata in Kentucky
(R. C. Kepferle, oral commun., 1967), indicate at least
minor scour prior to deposition of interval B sediments
in those areas.
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In most of the region south of the limit of rocks
assigned to the Borden —in southern and western
Kentucky and western Tennessee — green mudstones
or siliceous carbonate rocks of the Fort Payne lie at the
base of interval B and rest with apparent conformity on
the Maury Formation. Abrupt contacts between Fort
Payne siliceous rocks and the Maury were considered
by Conant and Swanson (1961, p. 68) to be due to sud-
den changes in depositional environments. Conodont
faunas collected at scattered localities in southern Ken-
tucky indicate that basal beds of the Fort Payne may
vary in age from place to place (J. W. Huddle, written
commun., 1965; Hass, 1956), and an obscure hiatus
may therefore be hidden in beds within or at the top of
the Maury.

In parts of southeastern Illinois, the Ullin Limestone
directly overlies the Chouteau Limestone, and because
the Ullin is younger than the Borden and Fort Payne
(Lineback, 1966, p. 29), a nondepositional hiatus be-
tween the Chouteau and the Ullin in the deepest part of
the basin is suggested (Lineback, 1969). Elsewhere in
southern Illinois, mudstones assigned to interval B
(Springuille Shale) conformably overlie the Chouteau,
without any interruption in the conodont assemblages
(Collinson and Scott, 1958).

In contrast to the generally conformable contact be-
tween interval A and interval B in the eastern part of
the region, the upper boundary of interval A is marked
by erosional unconformities in areas marginal to the
Ozark uplift. The Meppen, Fern Glen, and Burlington
Limestones of interval B are unconformable on interval
A and older rocks in southwestern Illinois and
southeastern Missouri. In western Illinois, the
Burlington and Meppen appear to truncate interval A
units (pl. 9-A, secs. a—a’, c—c’, d—d’) and to rest on
Devonian Saverton and Grassy Creek Shales. There,
erosion following uplift early in Osage time (Workman
and Gillette, 1956, p. 43) is interpreted to have removed
part, and locally all, of interval A rocks; the eastern and
western limits of the area eroded roughly coincide with
the western edge of the Chouteau and eastern edge of
the McCraney, respectively. Pre-interval B erosion also
probably removed some interval A rocks along the Lin-
coln anticline in northeastern Missouri (pl. 9-A, secs.
c—<',d-d).

In much of western Missouri, the Pierson Limestone
overlies interval A strata abruptly, and a hiatus is indi-
cated at the contact by conodont studies (Thompson
and Fellows, 1969). Difficulty in separating the Sedalia
Limestone and the Pierson Limestone in west-central
Missouri may locally have caused inconsistencies in the
placement of the interval A —interval B boundary. The
two formations are lithologically similar in this area,
and the intervening Northview Shale is thin or absent

(Spreng, 1961, p. 60). At places where the Pierson may

inadvertently be included with the Sedalia, the thick-
ness of interval A might be increased by as much as 25
percent (pl. 3-A).

THICKNESS AND LITHOFACIES TRENDS

The thicknesses of rocks in interval A (pl. 3-A),
which generally are less than 100 feet, are believed to
be the original total rock thicknesses in areas generally
east and south of central Illinois and in western and
northwestern Missouri. An area of reduced thickness or
local absence of interval A beneath interval B in
western Illinois and and the local absence of interval A
in southwestern Illinois result from erosion before or
during interval B. Absence of interval A beneath inter-
val B in three areas in eastern Illinois and southern In-
diana is interpreted as due to nondeposition, rather
than erosion. In most of the region, rocks of interval A
probably extended far beyond their present edges,
which have been eroded back either early in interval B
or following deposition of the Mississippian. In areas
marginal to the Ozark uplift in southwestern Illinois,
southeastern and extreme southwestern Missouri, and
along the La Salle anticlinal belt, the present zero
limits may correspond to the depositional limit of inter-
val A sediments.

Interval A in the Eastern Interior basin region is
thin compared to the succeeding Mississippian inter-
vals. It approaches or exceeds 100 feet in four areas: in
northeastern Kentucky (Bedford, Berea, and Sunbury
clastic wedge), in an arcuate belt from western Illinois
through northeastern Missouri (Hannibal and “Glen
Park” strata), in northwestern to western Missouri
(Chouteau and the “Kinderhook shale”), and in a nar-
row west-northwest-trending belt in southwestern
Missouri (Northview Shale).

A remarkable feature of interval A rocks is the
widespread persistence of the very thin Chouteau and
Rockford Limestones and the Maury Formation, which
rarely exceed 10 feet in thickness throughout the large
area of southeastern Illinois, Indiana, much of Ken-
tucky, and Tennessee.

Lithofacies distribution of interval A (pl. 3-B) shows
four areas in which detrital rocks are predominant.
These areas are flanked by broad belts in which the
sediments are mainly carbonates. The coarsest detrital
rocks do not exceed sand size, and commonly the
largest grains are silt size; carbonate rocks are pre-
dominantly aphanitic to fine grained, silty, and in part
cherty. A discussion of areas of detrital accumulation
follows, succeeded by a discussion of areas of dominant
carbonate sediments.

In Tennessee and most of Kentucky, thin mudstones
and siltstones of the Maury Formation and its lithic
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equivalents occupy a broad northeast-trending belt.
Sandstone in the Bedford and Berea sequence in north-
eastern Kentucky produces southwestward-convex
lobate facies patterns which generally coincide with the
southwestward thinning of interval A there. Chemical
components in the Maury represented by phosphatic
nodules (Conant and Swanson, 1961, p. 63 -66),
although common, are not sufficiently abundant to
affect the lithofacies pattern.

Mudstone and siltstone in the Hannibal Shale and
equivalents are distributed in a belt from northwestern
Indiana across western Illinois and northern Missouri.
Southeastwardly convex lobes extend into central II-
linois. In western Illinois and northeastern Missouri, a
very high mudstone content in interval A is partly the
result of thickening of the Hannibal, but northward it is
largely the result of the removal of Chouteau and
younger carbonate rocks of the interval. Southwest-
ward thinning of the Hannibal occurs fairly abruptly in
northeastern and east-central Missouri, along a
lithofacies boundary that coincides roughly with
southern limits of the Louisiana Limestone (fig. 13).
This boundary may have been a hinge line during Late
Devonian and Early Mississippian time, which roughly
coincided with the Cap au Gres fault and the axis of the
Lincoln anticline (fig. 11). These structural features ap-
parently were intermittently active in middle Paleozoic
time (Rubey, 1952). Higher coarse- to fine-grained
clastic ratios along the Mississippi River near
southeastern Iowa result from the presence of sandy
beds in the more nearly complete sections of the North
Hill Group, McCraney, and Hannibal.

In northwestern Missouri, greenish-gray and gray
mudstones of the Boice equivalent are combined with
overlying thick Chouteau carbonate rocks to produce
an intermediate facies.

Siltstone and green mudstone in the Northview
Shale are conspicuous components of interval A in a
west-trending belt in southwestern Missouri. The
Northview is thickest in a narrow west-northwest-
trending trough along the northeast side of the belt
(Beveridge and Clark, 1952, p. 79) where silt-
stone —shale ratios are generally highest. A carbonate
facies characterizes rocks of interval A north and south
of this belt where the Northview is thin or absent. Con-
glomeratic rocks are locally present northeast of the
main mass of Northview in the Weaubleau Creek area,
west-central Missouri (Beveridge, 1951; Snyder and
others, 1965).

Two ill-defined belts of carbonate rocks include a
southwest-trending belt from central Indiana to
southern Illinois where interval A consists largely of
the Rockford and Chouteau Limestones, and a belt en-
compassing most of northern, central, and western

Missouri where the interval consists mostly of the
Chouteau Group. In isolated areas in southeastern and
eastern Illinois, underlying mudstones of the Hannibal
are sufficiently thick to change the lithofacies pattern.
In this region and in adjacent parts of Illinois and In-
diana, the Rockford and Chouteau are so thin that in-
clusion of only the top few feet of the underlying New
Albany Shale where it is Mississippian in age would
alter the lithofacies pattern.

SOURCES OF SEDIMENT AND
ENVIRONMENTS OF DEPOSITION

The Mississippi Valley area of western Illinois and
northeastern Missouri was largely emergent at the
beginning of interval A time (Williams, 1957, p.
301 -305). During interval A time most of the Eastern
Interior basin region and extensive surrounding areas
were sites of a shallow epeiric sea that opened to the
south and west (pl. 11, fig. 1; pl. 12, fig. 1). Two major
and one or more minor source areas supplied sedi-
ments. Streams flowed westward and southward into
the eastern part of the region from highlands east of
the northern and central Appalachian Mountains and
from northeastern Canada. Hilly land in the Lake
Superior region from which detrital sediments were
shed southward was a southwestward extension of the
Canadian Shield probably related to the Transconti-
nental arch. Low hills in the Ozark region contributed
detrital sediments, most of which were dispersed west-
ward. Low coastal plains probably adjoined the seas; a
marginal swampy delta plain in Wisconsin probably
represented waning deltaic deposition. Parts of the Cin-
cinnati arch were probably emergent, but had very low
relief. Small islands in central Tennessee may have
been local sources for sand in the Maury Formation in
west-central Tennessee. Abundant mudstone and ab-
sence of detrital grain sizes coarser than fine sand indi-
cate either that sediment sources were distant from
depositional sites or that source areas were of low relief,
or both.

In northeastern Kentucky, lithofacies and thickness
distribution of sandstone-dominated lobes suggest
westerly and southwesterly transport directions for the
Bedford and Berea terrigenous detritus from source
areas east and northeast of the Appalachian Mountains
(Pepper and others, 1954). The sandstones, generally
orthoquartzites, were derived probably from earlier
Paleozoic detrital rocks (Pepper and others, 1954, p. 91,
95). Symmetrical ripple marks in this area (Morris,
1965a, b, 1966a, b; Morris and Pierce, 1967) and in a
large area of southern Ohio trend northwest, and have
been ascribed to northeasterly prevailing winds
(Bucher, 1919; Pepper and others, 1954, p. 91) or
shoreline coastal control (Hyde, 1911). Crossbedding
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and sandstone-filled channels characterize the se-
quence and are features compatible with deposition in a
shallow-water deltaic complex. Sole markings in some
sandstones suggest that they were deposited by density
currents, probably at the delta front (Wilson, 1950;
Rich and Wilson, 1950). The relative importance of
sediment contributed by the southwest-flowing disper-
sal system, the Ontario River, to that contributed by the
westward-flowing Gay-Fink, Cabin Creek, and
Virginia-Carolina Rivers (chap. C, fig. 5; Pepper and
others, 1954) is not known, although lithofacies trends
suggest that the west-flowing rivers contributed most
heavily in northeastern Kentucky.

Except for southwestward thinning, the Sunbury
Shale in eastern Kentucky exhibits no definitive clues
to the transport direction of the sediment. The Sunbury
accumulated in a marine-reducing environment during
transgression of the sea, which produced the other
Devonian-Mississippian black shales.

The widespread thin mudstone deposit represented
by the Maury Formation probably was deposited remote
from source areas (Conant and Swanson, 1961, p. 68)
with slow deposition in a low-energy environment
favorable to the precipitation of phosphate. Alter-
natively, phosphate in the Maury represents a lag con-
centrate from which most of the fine detrital material
was winnowed by submarine currents; this hypothesis
is suggested by the mixed conodont assemblages.
Sandstones, which appear in the Maury along the
western margin of the Nashville dome, suggest local
source areas (Conant and Swanson, 1961, p. 53). The
normally underlying Chattanooga Shale is absent in
this area indicating local uplift.

A lowland area along the Cincinnati arch effectively
confined most of the sediment from Appalachia sources
to the Appalachian basin, but itself was not the source
for much detritus.

Sediments in the Hannibal Shale in northwest In-
diana, western and central Illinois, and northeast
Missouri may have been derived from a source in east-
central or northern Canada, transported by a south-
west-flowing stream system into a marine trough ex-
tending from western Michigan into western Illinois. It
seems more probable, however, that the source of sedi-
ment was a land area along the northeastern part of
the Transcontinental arch or its extension, the Wiscon-
sin arch. Evidence for the latter interpretation includes
northwestward or northward coarsening of clastics in
the Hannibal and the presence of southeasterly convex
lobate areas of dominantly detrital rocks adjacent to
the Wisconsin arch (pl. 3-B). The Ellsworth Shale,
which composes interval A in the Michigan basin, is
thickest and generally coarsest grained on the west side
of the Michigan basin (Cohee and others, 1951), which

fact also suggests a source along the Wisconsin arch in
that region.

Oolitic limestone in the discontinuous “Glen Park”
indicates at least local agitated shallow-water environ-
ments early in interval A in the Mississippi Valley area
of western Illinois and northeastern Missouri.
Widespread subsidence took place in the region, except
in lowland in the Ozark region, during Hannibal time.
Workman and Gillette (1956, p. 43) indicated that
deposition of the relatively thick sequence of Hannibal
and “Glen Park” sediments across western and west-
central Illinois may have begun in a structurally
restricted embayment opening to the west, followed by
regional subsidence and an extensive marine
transgression. This interpretation seems to be based on
the assumption that all preserved sections of Devonian-
Mississippian shale in western Illinois contain Kin-
derhook detrital components. If the interpretation that
pre-interval B erosion has removed large amounts of in-
terval A rocks in northwestern Illinois and Iowa (p. 70)
is valid, Hannibal sediments once deposited there may
have been part of a widespread delta which was thicker
and which contained coarser sediments in the area
where erosion has taken place than in areas where the
Hannibal is still preserved. In western Illinois and
northeastern Missouri, volume of sediment was con-
siderably less from northern sources than from the
eastern sources in Appalachia.

The possible source area for Boice equivalents in
northwestern Missouri probably was land of low relief
along the Transcontinental arch in Minnesota or a
southward extension of the arch in central Iowa. No
facies trends are evident in this unit in Missouri, but
the presence of hematitic oolites indicates high energy
and shallow seas, and the red shales may have been
derived from residual soils.

Ozark region sources for detrital rocks of the North-
view Shale in southwest Missouri are strongly indicated
by the lithofacies relations (Carlson, 1963, p. 41). Con-
glomeratic rocks and abnormal thinning of Northview
beds near the Weaubleau Creek disturbance, western
Missouri, were interpreted by Snyder and others (1965)
as evidence of nearby Early Mississippian structural
movements. The bulk of detrital sediments in the
Northview, however, probably was derived from more
extensive uplifts in the Ozark region.

Carbonate rocks in the Rockford and Chouteau se-
quence in Indiana and Illinois were mostly deposited in
a low-energy environment, on a sea floor having little
relief. A high iron content and a low proportion of ter-
rigenous detritus in Indiana may indicate a very low
land area to the east along the Cincinnati arch. A
tongue of reddish limestone in the Chouteau extends
from southwest to central Illinois (Buschbach, 1952).
Ferric iron, which gives the limestone its color, may in-
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dicate a local oxidizing depositional environment.
Ozark region sources for detrital components in the
Chouteau were suggested by Buschbach (1952).

In Missouri, fine-grained carbonate rocks in the
Compton and Sedalia Limestones indicate a generally
low-energy shelf environment. Dolomite or dolomitic
limestone in the Sedalia may indicate restricted hyper-
saline or supratidal conditions. All the carbonates in in-
terval A probably accumulated in shallow neritic en-
vironments, although the Rockford and Chouteau
Limestones of southwestern Indiana and southern II-
linois may have been deposited at greater depths than
were those same limestones to the north and west.

PALEOTECTONIC IMPLICATIONS

Major structural elements during interval A time
were of very low amplitude. There are no known inter-
systemic or intrainterval unconformities of much mag-
nitude, and rock thicknesses indicate fairly even
deposition over broad areas. The region was generally
negative except for the Ozark uplift, including the
Sparta shelf, Cincinnati arch, Wisconsin arch, parts of
the La Salle anticlinal belt, and parts of the Transconti-
nental arch to the north and northwest. These slightly
positive, northeast- and northwest-trending structural
elements were present in Late Devonian time (fig. 13).
The negative elements that had subsided considerably
during the Devonian —the Fairfield basin, Moorman
syncline, and Wittenberg trough (figs. 12, 13) — cannot
be recognized as distinct structural features during in-
terval A. It seems likely that a low-relief topography in-
herited from the Devonian, rather than interval A tec-
tonism, accounts for interval A thickness variations in
most of the region. Tectonic subsidence may have oc-
curred in the area of the Lincoln anticline and Cap au
Gres fault, structures which were active in the middle
and late Paleozoic (Rubey, 1952; Cole, 1961); interval A
strata are somewhat thicker in a northeast-trending
belt there.

The widespread thin deposits of the Rockford and
Chouteau Limestones in Illinois and Indiana accumu-
lated on a broad stable shelf. Maury Formation
mudstones accumulated on the southern extension of
this shelf. Although the paleotectonic map (pl. 10, fig.
1) shows a stable positive area south of the shelf, an
alternate interpretation would be that a negative ele-
ment of large magnitude adjoined the shelf there. This
interpretation is based on the assumption that
paleogeographic models proposed to explain the origin
of phosphate in the Phosphoria Formation of the
Western United States (McKelvey and others, 1953)
can be applied to phosphate in the Maury Formation.
The northward progression from these phosphate-bear-
ing rocks to carbonates to increasingly coarse ter-

rigenous rocks might indicate landward transition from
a subsiding, oceanic basin.

After interval A time, positive areas, such as the
Transcontinental and Wisconsin arches, the Ozark
uplift, and the Cincinnati arch are interpreted to have
risen slightly. Emergent areas expanded and included
parts of western Illinois and much of the region to the
northwest.

INTERVAL B
INTRODUCTION

Pertinent literature pertaining to rocks assigned
here to interval B includes: for Kentucky, Butts (1917,
1922), Stockdale (1939), Walker (1962), and Weir,
Gualtieri, and Schlanger (1966); for Indiana, Stockdale
(1931) and Smith (1965); for Tennessee, Bassler (1932)
and Marcher (1962); for Illinois, Swann, Lineback, and
Frund (1965) and Lineback (1966, 1968b); and for
Missouri, Moore (1928), Laudon (1937), Cline (1934),
Kaiser (1950), Spreng (1961, p. 59 —66), Kissling (1961)
and Thompson (1967).

FORMATIONS INCLUDED
AND STRATIGRAPHIC RELATIONS

Interval B rocks, which are generally the rocks of
Osage age, have a present distribution that closely cor-
responds to that of interval A rocks. However, interval
B rocks, in comparison to interval A rocks, are
generally thicker and lithologically more diverse, and
they exhibit more complex interrelationships. In
general, the bulk of interval B rocks comprise three
marine rock assemblages, which are not strict
equivalents but which are dominant in specific areas.
These assemblages, which occur largely in the lower
and middle parts of interval B, are as follows:

1. Crinoidal, in part argillaceous, carbonate
assemblage (Meppen, Fern Glen, Burlington, and
Keokuk Limestones); extends from western and
southwestern Illinois across much of Missouri and
in adjoining States of Iowa, Nebraska, and Kansas.

2. Siliceous and argillaceous carbonate assemblages
which include part of the Fort Payne Formation,
the Reed Spring and Elsey Formations, and the
Grand Falls Chert Member of the Boone Forma-
tion; extend across southern Kentucky and Ten-
nessee into southeastern Illinois and southwestern
Indiana, and southwestern Missouri.

3. Detrital clastic assemblage (Borden Siltstone,
Springville and Warsaw Shales, and parts of Fort
Payne Formation in Illinois); deltaic wedges which
are mostly confined to the northeastern parts of
the region but whose distal equivalents extend
throughout much of the area east of the Ozark
region.
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The oldest interval B units in the Eastern Interior
basin region are the Meppen, Fern Glen, and Pierson
Limestones. In western Illinois, the dolomitic
limestones of the Meppen are the oldest interval B
strata in this part of the region. They unconformably
overlie interval A strata, are overlain by the Fern Glen,
and are overlapped northward by the Burlington
Limestone. The Meppen is considered to correlate with
the Pierson Limestone of Missouri on lithologic and
faunal evidence. Reddish- and greenish-gray lime-
stones and mudstones of the Fern Glen extend in a nar-
row northeast-trending belt from southeastern
Missouri across central Illinois. Upper beds of the Fern
Glen are transitional with the Burlington Limestone
(Kissling, 1961). Carbonate rocks of the Pierson
Limestone, which is in the upper part of the St Joe
Group in Missouri, are best developed from south-
western to central Missouri. The Pierson underlies the
Reeds Spring Limestone in southwestern Missouri and
the Burlington in west-central Missouri. In parts of
southwestern Missouri, variegated rocks in the Pierson
resemble those in the Fern Glen. Basal Pierson beds are
of Kinderhook age in some localities (Spreng, 1952, p.
81 —86; Thompson, 1967, p. 23); beds in the lower and
middle parts of the Pierson include the oldest Osage
rocks in Missouri, the upper beds of which are correl-
ated with the Fern Glen (Spreng, 1952). Northward
onlap of the Pierson in southwest Missouri is indicated
by Kinderhook conodonts in its basal beds in Arkansas
and by Osage conodonts at its base farther north
(Thompson and Fellows, 1969, p. 73).

The Reeds Spring, Elsey (Robertson, 1967), and
Grand Falls Chert Member of the Boone Formation,
which consist of more than 300 feet of cherty limestone,
argillaceous limestone, and locally abundant chert, are
areally restricted to southwestern Missouri and adja-
cent States. They conformably overlie and intertongue
with the Pierson and underlie the Burlington or
Keokuk. Difficulty in differentiating units within this
sequence of cherty rock and in separating them from
the overlying Burlington or Keokuk has resulted in the
assignment of the equivalents of all these units to the
Boone Formation, or to the Reeds Spring, Elsey, and
Grand Falls undifferentiated. The Reeds Spring is an
age equivalent of the upper part of the Fern Glen
(Moore, 1935, p. 241; Kissling, 1961, p. 147). Age of the
Elsey and Grand Falls relative to units in the Mississip-
pi Valley sections is uncertain. Chert and the presence
of small carbonate reefs (Spreng, 1961, p. 60; Troell,
1962) in the Reeds Spring and Grand Falls suggest that
these units are similar to rocks of the Fort Payne For-
mation of western Kentucky and Tennessee. The Fort
Payne is considered to be younger than the Burlington
Limestone (Lineback, 1966).

The Burlington and overlying Keokuk Limestones
are the most extensive and volumetrically important
interval B units in the western part of the region. They
occur in nearly all areas where the interval is present
in western Illinois, Missouri, Iowa, Kansas, and
Nebraska, and outliers of the Burlington and Keokuk
are present in structurally high positions on the Ozark
uplift and the Kankakee arch. The contact between the
two formations is generally obscure away from their
type localities in Iowa, and they are generally combined
as a single map unit, the Burlington and Keokuk un-
differentiated. The lower or Burlington part of the map
unit, which is characterized by light-colored cherty cri-
noidal limestones, is present in nearly all areas in the
western part of the region except for parts of southwest
Missouri (pl. 15, col. 56); the upper or Keokuk part of
the map unit is widespread, is generally darker, and in-
cludes thin beds of shale in northeastern Missouri and
western Illinois. Thickness of both formations ranges
from 50 to more than 200 feet. The basal contact of the
Burlington is an unconformity in several areas. In
western Illinois the Burlington rests unconformably on
rocks as old as the Devonian Saverton Shale, and in
Missouri on pre-Devonian strata in scattered areas
within and marginal to the Ozark uplift. Elsewhere, it
rests with apparent conformity on the Meppen, Fern
Glen, Pierson, or the Reeds Spring, Elsey, and Grand
Falls undivided. From crinoid studies, Laudon (1937)
concluded that basal Burlington beds in eastern
Missouri and Iowa became progressively younger
northward and represent an extensive marine
transgression. Thompson (1967) interpreted the
Burlington in southwestern Missouri and underlying
interval B units as progressively younger southward
and westward.

In the eastern part of the Eastern Interior basin
region, interval B units are largely made up of detrital
rocks in the lower part overlain by carbonate-rich beds
in the upper part. The Borden Formation (Weir and
others, 1966), a southern continuation of the Cuyahoga
Group and Logan Formation of Ohio (Hyde, 1915),
makes up all or most of interval B in northeastern,
east-central, south-central, and west-central Kentucky,
and extends northwestward into Indiana. There, the
Borden is classified as a group; its boundaries are the
same as the Borden Formation boundaries in adjacent
Kentucky. The Borden in these States consists of a
lower unit of gray and green mudstone and siltstone,
which contains minor beds of sandstone, and an upper
unit of cherty or silty dolomitic limestone. Several local
formation and member names are given to widespread
green mudstone, minor sandstone tongues, and lenses
of crinoidal limestone in the lower part of the Borden.
These include the Nancy Member, New Providence
Member, an unnamed shale member in Kentucky, and



EASTERN INTERIOR BASIN REGION 75

the New Providence Formation in Indiana. Tongues
and lenses of siltstone in the middle part of the Borden
in Kentucky grade northward into more abundant
coarser siltstone and sandstone units in Indiana. These
include the Cowbell, Halls Gap, and Nancy in Kentucky
and the Locust Point, Carwood, and Edwardsville For-
mations in Indiana. The uppermost division of the
Borden includes silty and sandy dolomite in eastern
Kentucky, the Renfro Member (Schlanger, 1964), and a
thicker unit of light-colored cherty and silty limestone
and dolomite (the Muldraugh Formation or Member) in
south-central and west-central Kentucky and in In-
diana (Weir and others, 1966; Smith, 1965). The
carbonate rocks are commonly separated from underly-
ing clastic strata by thin glauconitic siltstone beds in
eastern to west-central Kentucky and by thin carbon-
ate and glauconitic siltstone of the Floyds Knob Forma-
tion (or Floyds Knob Bed of the Muldraugh Member) in
west-central Kentucky and parts of Indiana; they are
overlain by the Harrodsburg Limestone. Westward
thickening of the carbonate rocks and reciprocal thin-
ning of underlying detrital units are characteristic in-
ternal relationships in the Borden. Contacts between
these rocks are generally southwestward-sloping
planar surfaces (pl. 9-B, sec. c—’).

Megafaunas in the basal part of the Borden of north-
eastern and east-central Kentucky are assigned to Fern
Glen and possibly Burlington ages (Butts, 1922, p. 50).
In west-central Kentucky, however, fauna in the basal
part of the Borden (New Providence Shale of Butts) is
Burlington in age (Butts, 1917, p. 17; Conkin, 1957; Col-
linson and Scott, 1958; Rexroad and Scott, 1964). Thus,
a hiatus representing Fern Glen and part of Burlington
time may be indicated at the base of the Borden in some
Kentucky areas.

In Illinois, the name Borden Siltstone is restricted to
detrital rocks that are continuous with the lower part of
the Borden Group of Indiana and that extend south-
westward across Illinois as an elongate deltaic tongue.
The formation is mostly mudstone and siltstone to the
south, but it contains increasing amounts of sandstone
to the north. In southern Illinois, thin distal mudstone
equivalents of the Borden at the base of interval B were
named Springville Shale (Collinson and Scott, 1958;
Lineback, 1966). The Springuille is probably continuous
with similar mudstones, the New Providence Shale, in
the basal part of interval B in western Kentucky and
Tennessee and is of early Osage age, possibly a Fern
Glen equivalent (Collinson and Scott, 1958). The War-
saw Shale and associated sandstones, such as the
Sonora Formation, are, at least in. part, equivalents of
the Borden Siltstone (Swann and others, 1965), but
rocks termed Warsaw are assigned to interval B or in-
terval C in different parts of the region as described in
the following discussion.

Unnamed cherty carbonate rocks in the lower part of
the Borden in northwestern Indiana and eastern Il-
linois (pl. 9-B, sec. d—d’') appear to be an easterly exten-
sion of the Burlington and Keokuk undifferentiated.
Detrital rocks in the lower part of the Borden in that
area also include variegated shales similar to those in
the Fern Glen and to those in the Coldwater Shale of
Michigan. Correlation of these rocks with the
Burlington and Keokuk and the Fern Glen extends the
Burlington and Keokuk carbonate sequence as far
north as the western margin of the Michigan basin.

Strata in interval B younger than basal Burlington
were continuously deposited in western Illinois and
most of Missouri. The Keokuk overlies the Burlington
with apparent gradation, and the Warsaw Shale and
Sonora Formation (pl. 9-B, secs. a—a’, c—c', d—d') ap-
pear to represent a culmination in the deposition of ter-
rigenous detritus whose weak beginning is shown in
shaly beds of the Keokuk. Similarly, Warsaw carbonate
rocks (interval C) in Missouri overlie the Burlington
and Keokuk carbonate unit with apparent conformity
along an obscure boundary. In southwest Missouri, the
Short Creek Oolite Member in the upper part of the
Keokuk is a key bed in a succession of otherwise
uniform limestone. The top of the Short Creek is ar-
bitrarily selected as the interval B—interval C boundary
in that area (pl. 15, col. 56).

The Ullin Limestone, a light-hued fossiliferous
carbonate rock that overlies the Borden Siltstone and
Fort Payne Formation in some areas of central,
eastern, and southwestern Illinois, has been subdivided
there into a lower cherty carbonate unit, the Ramp
Creek Limestone Member, and an upper crinoidal
limestone containing minor chert, the Harrodsburg
Limestone Member (Lineback, 1966). The Ramp Creek
is correlated with the Muldraugh Formation or Member
of Indiana and Kentucky, which is Osage in age
(Stockdale, 1939, p. 201). The Harrodsburg Limestone,
as currently used in Indiana and Kentucky, seems to be
continuous with and equivalent to the Harrodsburg
Member of the Ullin Limestone in Illinois.

Dark cherty siliceous silty to argillaceous carbonate
rocks of the Fort Payne Formation make up most or all
of interval B in a broad area encompassing southern
and western Kentucky, west-central Tennessee, and
parts of southern and southeastern Illinois, and lithic
equivalents occur in the Borden Group in the subsur-
face of southwestern Indiana. In Illinois and Indiana,
Fort Payne rocks thin against the margins of the
Borden Siltstone (Lineback, 1966). The younger Ullin
Limestone similarly thins, but it overlaps both the Fort
Payne and the Borden (pl. 9-B, secs. a—a’, e—¢'), indicat-
ing that local nondepositional hiatuses preceded Ullin
deposition in some areas. Thus, the Borden is in-
terpreted to be oldest, and the Fort Payne and Ullin to
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be successively younger units in Illinois and Indiana
(Lineback, 1966). In Kentucky, relationships of the
Borden Formation to the Fort Payne indicate that both
the Muldraugh Member of the Borden Formation and
the Fort Payne are younger than Borden detrital rocks.
The Muldraugh seems to be contemporaneous with at
least the lower part of the Fort Payne, but beds in the
upper part of the Fort Payne in south-central Kentucky
may be younger than the Muldraugh.

Modern views on regional stratigraphic relationships
of interval B rocks differ considerably from older con-
cepts. Earlier workers broadly equated such units as
the Burlington and Keokuk, the Fort Payne, and the
Borden, which were considered to be facies of one
another. Rock-stratigraphic units within some forma-
tions, such as the Borden, were also interpreted to be
facies (Stockdale, 1931, 1939). The field and subsurface
relations, however, cannot be reconciled at many places
with this model. In central Illinois, Borden detrital
rocks give way abruptly, rather than gradationally, to
Burlington and Keokuk carbonate rocks (pl. 9-B, secs.
a—a', c—c'). East of areas where Borden detrital rocks
are present, carbonate rock units in the Ullin overlie
the Fort Payne Formation or Springuville Shale, but
elsewhere they appear to be Borden and Fort Payne age
equivalents. The same is true in southern Indiana and
central Kentucky, where the Muldraugh Formation at
places overlies siltstones and mudstones of the Borden
but at other places appears to be equivalent to the
Borden detrital rocks (Stockdale, 1939, p. 202—222).

More recent interpretations of the stratigraphy indi-
cate that the major post-Fern Glen interval B units are
not contemporaneous facies. First implied by Butts
(1917) in eastern Kentucky, extended in eastern
regions by Walker (1962), and amplified by detailed
subsurface studies in Illinois (Frund, 1953; Swann and
others, 1965; Lineback, 1966, 1968b), the concept was
also developed independently during surface work in
central Kentucky (Weir and others, 1966; Kepferle,
1966, 1967a; Peterson, 1966). According to Lineback
(1966), the Fern Glen, Burlington and Keokuk, Borden,
Warsaw, Fort Payne, and Ullin Formations are suc-
cessively younger deposits whose distribution was con-
trolled by a depositional submarine topography (fig. 14;
compare with pl. 9-B, sec. g—g). The Meppen, Fern
Glen, and most of the Burlington and Keokuk antedate
the Borden Siltstone. The Warsaw Shale of western Il-

FIGURE 14.—Generalized reconstructed cross sections showing rela-
tions of successively deposited strata in south-central Illinois dur-
ing interval B and earliest interval C times. A, deposits near end of
deposition of Keokuk Limestone; B, at end of Borden Siltstone and
Warsaw Shale deposition; C, at end of Fort Payne deposition; D, at
end of Ullin Limestone deposition. Modified from Lineback (1969).
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linois grades laterally into equivalent Borden Siltstone,
and the Springuville Shale of southern Illinois represents
distal equivalents of the Borden. The Fort Payne onlaps
deltaic clastics of the Borden; the Ullin overlaps the
Fort Payne and the Borden. Similarly, in west-central
and east-central Kentucky, the Muldraugh and Renfro
units onlap a Borden Formation detrital wedge. In
southern Kentucky and Tennessee the relationships of
Borden and Fort Payne rocks are uncertain, although
most of the Fort Payne cherty rocks probably are of
Muldraugh and perhaps younger ages.

Although the depositional framework just outlined
has removed much previous confusion, the earlier
facies concept may be appropriate in local areas. In
northeastern Illinois and northwestern Indiana, cherty
limestones interpreted to be Burlington and Keokuk
correlatives appear to be lateral equivalents of Borden
detrital strata (pl. 9-B, sec. d—d’'). Interbedded
mudstone and limestone adjoining the main masses of
Burlington and Keokuk and Borden in parts of Illinois
also suggest intertonguing relationships. Mudstones in
the upper part of the Keokuk of western Illinois and
northeastern Missouri may be tongues of the upper
part of the Borden. Finally, the chronology for Illinois
may not be applicable in detail to areas such as central
and southern Kentucky, where carbonates in the
Muldraugh Formation may be contemporaneous with
the Fort Payne.

Relatives ages of the Borden delta of Illinois and the
deltaic shelf deposits of Kentucky and Indiana are un-
certain, but conodont data suggest that the basal
Borden deposits in southern Indiana and west-central
Kentucky may be somewhat younger than those in II-
linois (Rexroad and Scott, 1964). Borden sediments
then, may have entered Illinois from the northeast
prior to encroaching into Kentucky and southern In-
diana from more easterly source areas.

UPPER BOUNDARY OF INTERVAL B

Interval B rocks are overlain by interval C rocks
throughout much of the Eastern Interior basin and
northern and western Missouri. Isolated outliers of in-
terval C rocks above more continuous interval B rocks
across the Cumberland saddle permit correlation of in-
terval B strata west of the saddle with those in eastern
Kentucky. There, rocks at the interval B—interval C
boundary are continuous along the margins of the Ap-
palachian basin, except for areas in northeastern Ken-
tucky where Pennsylvanian rocks unconformably over-
lie interval B. Pennsylvanian units also unconformably
overlie interval B rocks in parts of eastern, central, and
western Missouri and in an east-trending belt across
north-central Illinois into northwestern Indiana. Inter-

val B rocks are overlain by Cretaceous beds along the
margins of the Mississippi embayment in southernmost
Illinois, western Kentucky, and west-central Ten-
nessee.

The boundary between intervals B and C, which is
intended to correspond with the Osage-Meramec Series
boundary in the Eastern Interior basin, is the most
difficult of all interval boundaries to select consistently.
Uncertainties of correlation result from disagreements
regarding specific ages of faunal assemblages at about
the Osage-Meramec Series boundary and from imper-
fect understanding of complex facies relations.
Although most published reports refer to the Osage and
Meramec Series designations, the Illinois State Geologi-
cal Survey combines these into a single series, the
Valmeyeran. Most geologists agree that no regional
hiatus marks the series boundary in the Eastern In-
terior basin and that deposition was generally uninter-
rupted, although in some areas depositional environ-
ments changed markedly.

Regional Osage-Meramec Series boundary problems
mostly have revolved about the age assignments of and
correlations of the Warsaw Shale near its type area in
western Illinois, the rocks termed Warsaw Limestone
in Tennessee and Kentucky, and the Harrodsburg
Limestone in south-central Indiana. As a discrete unit
the Warsaw Shale is recognizable only in western Il-
linois and from there a short distance westward. Faunal
elements in the Warsaw Formation have been variously
assigned to the Meramec (Butts, 1922; Van Tuyl, 1925;
J. M. Weller and others, 1948) or to the Osage (S.
Weller, 1909), or both. Although most published reports
and reviews (J. M. Weller and others, 1948; Keroher
and others, 1966; Sando and others, 1969) place the
unit in the Meramec, a number of workers recognize it
as Osage (Moore, 1928; Weller and Sutton, 1940;
Laudon, 1948; Wanless, 1957). Subsurface work indi-
cates that shales in the type Warsaw Formation (War-
saw Shale of Lineback, 1966) merge eastward into the
Borden Siltstone (Swann and others, 1965; Lineback,
1966; see pl. 9-B, sec. d—d'), indicating that the shales
are Osage.

Nomenclatural history of Harrodsburg Limestone in
Indiana is complex (Cumings, 1922, p. 493 —499; Smith,
1965), and ages of the faunal elements, which have
been compared to those in the Warsaw and the Keokuk
of Nlinois, have been debated (Laudon, 1948). In the In-
diana outcrop, the Harrodsburg overlies the Borden
Formation and underlies Salem Limestone. Currently,
siliceous and dolomitic carbonate rocks that were in the
lower member, the Ramp Creek Member of Stockdale
(1929) of the Harrodsburg Limestone are included in
the Muldraugh Formation of the Borden Group in In-
diana (Smith, 1965). The younger Leesville and Guthrie
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Creek Members and an uppermost unnamed division,
the upper Harrodsburg, which is predominantly cri-
noid- and bryozoan-bearing limestone, have been re-
tained in the Harrodsburg by Smith. The base of the up-
per Harrodsburg has been considered to be the Osage-
Meramec Series boundary in Indiana Geological Survey
reports since 1954, although the entire unit has been
assigned to the Osage by others (for example,
Stockdale, 1931, 1939). The Harrodsburg in west-
central Kentucky is a lithologic and time equivalent of
the Harrodsburg in Indiana and likewise excludes
equivalents of the Ramp Creek Member (Sable and
others, 1966). Of the 600-foot thickness of Ullin
Limestone in parts of southern Illinois, more than 300
feet is assigned to the Harrodsburg. No regionally
traceable horizons are known in the Harrodsburg in II-
linois; therefore, an Osage-Meramec boundary within
the Harrodsburg, similar to the horizon used in the In-
diana outcrop, cannot be located in subsurface sections.

Subsurface correlations from western Illinois to
south-central Indiana (Swann and others, 1965;
Lineback, 1966) indicate that the Ramp Creek and the
Harrodsburg Members of the Ullin Limestone in Illinois
are younger than the Warsaw Shale and Borden
Siltstone. The Harrodsburg in Illinois is generally cor-
relative with the Harrodsburg in Indiana. In south-
western Illinois, the Ullin directly overlies the Warsaw
(pl. 9-B, sec. d—d'); but farther north in western Illinois,
the Ullin is absent, and the Sonora Formation, in part a
time-equivalent of upper Warsaw and lower Salem beds
(Collinson, 1964), generally overlies the Warsaw (pl. 9-
B, sec. a—a).

Strata that are termed Warsaw in Kentucky and
Tennessee may have no relationship to the Warsaw in
Illinois. Stemming from Butts’ (1922) use of the name
in western Kentucky for rocks overlying the Fort Payne
Formation or Holtsclaw Sandstone, the term Warsaw
remains in current use in parts of Kentucky and all of
Tennessee. In Kentucky, in addition to this usage, the
name Warsaw has been used in a restricted sense for
rocks corresponding to the upper Harrodsburg of In-
diana (McFarlan, 1943, p. 75). Because studies in IlI-
linois indicate that the Warsaw Shale is equivalent to
part of the Borden Siltstone, both usages of Warsaw in
Kentucky and Tennessee may be invalid. Recent map-
ping by U.S. Geological Survey geologists in Kentucky
confirms Stockdale’s (1939) opinion that Butts’ War-
saw unit includes lithologic and age equivalents of
Salem Limestone (Meramec), Harrodsburg Limestone
(Meramec and Osage), and Muldraugh Formation
(Osage). Rocks called Warsaw in Tennessee, even
farther from the type Warsaw in Illinois, are probably
also correlative with part of the Salem, the Har-
rodsburg, and, possibly, the Muldraugh (pl. 15, col. 31).

In most of eastern Kentucky, the Renfro Member of
the Borden Formation and younger beds in the New-
man Limestone, directly overlie Borden detrital rocks.
In outcrop, the Renfro lies between Borden detrital
rocks and St. Louis Limestone equivalents in the New-
man Limestone and is relatively thin. In south-central
Kentucky, thin Harrodsburg beds appear in the middle
part of the Renfro and thicken westward as the lower
and upper parts of the Renfro grade respectively into
the Muldraugh and the Salem (Weir and others, 1966).

The interval B—interval C boundary as used in this
report is defined as follows for areas from east to west:

1. The base of the Newman Limestone or subsurface
Big Light or Big Lime or Greenbriar in eastern
Kentucky.

2. The middle of the Renfro Member of the Borden
Formation in east-central and eastern Ken-
tucky, where that unit is recognizable or
recorded. Where the Renfro is roughly less than
20 feet thick, its base is the interval boundary.
The Renfro grades westward into the
Muldraugh, Harrodsburg, and Salem (Weir and
others, 1966).

3. The base of the Harrodsburg Limestone, as cur-
rently used in Indiana and west-central Ken-
tucky where the Harrodsburg is generally less
than 50 feet thick.

4. Arbitrarily, within the upper or middle part of the
Harrodsburg and its lithologic equivalents in
southwestern Indiana, southern Illinois, and
western Kentucky, where these rocks are thick.
Large footage errors in thickness may have
resulted from miscorrelations in these areas.

5. The base of the Salem and Warsaw undivided or
Warsaw in south-central Kentucky.

6. Within the Warsaw Limestone in western Ken-
tucky and northern west-central Tennessee,
where the Warsaw is thick and suspected to
contain Ramp Creek equivalents; most Har-
rodsburg-like lithologies are excluded from in-
terval B. At the base of the Warsaw Limestone
elsewhere in west-central Tennessee. The War-
saw Limestone of western Kentucky and west-
central Tennessee, judging from published
descriptions (Marcher, 1962, p. 16 —19) and con-
tinuity with the Illinois sections, consists of
several varieties of carbonate rock including
Harrodsburg and Ramp Creek or Muldraugh
lithic equivalents; Harrodsburg-like lithologies.
are conspicuous parts of thick Warsaw sections
in extreme western Kentucky and northern
west-central Tennessee; in general, Ramp
Creek-like carbonate rocks seem to be more
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abundant in the lower part of the Warsaw,
although their relationships with Harrodsburg
rock types appear to differ from place to place
and to include interstratification. Consistently
placed in the Meramec Series in published
reports, the lower part of the Warsaw of these
areas may be of Osage age, and it is here ar-
bitrarily assigned to interval B.

7. The base of Ullin Limestone in west-central and
western Illinois.

8. The top of the Warsaw Shale and Sonora
Sandstone or top of sandstone-dominated sec-
tions in the Salem Limestone in western Illinois
westward to approximately the Illinois River.
West of this area, the boundary descends to the
base of the Warsaw Shale in Illinois and follows
the base of the Warsaw Formation in northern
and western Missouri. This arbitrary westward
lowering of the interval B —interval C boundary
is the result of decisions made to accommodate
coworkers in adjoining Iowa, Nebraska, and
Kansas. There, the interval boundary is the
base of the Warsaw despite possible affinity of
that unit to the Osage strata in Illinois.

9. The top of the Warsaw in southeastern Missouri.

10. The top of the Short Creek Oolite Member of the
Keokuk Limestone in southwestern Missouri.

In some areas, alternate boundaries can be drawn
that just as reasonably approximate the Osage-
Meramec Series boundary. In intervals B and C,
changes in thickness of 30 to more than 50 percent in
some areas might result from such changes in selecting
the boundary. These areas include parts of southern II-
linois, southwestern Indiana, western Kentucky, and
northern west-central Tennessee where the Har-
rodsburg and its lithologic equivalents are thick. The
lithofacies patterns that would result from assigning
these different units to interval B would be little
changed. In western Illinois, however, both thickness
and lithofacies patterns are strongly affected, when the
Warsaw Shale is placed in intervals B or C.

THICKNESS AND LITHOFACIES TRENDS

The thickest preserved interval B rocks are in the
eastern part of the region (pl. 4-A). Thicknesses of
more than 600 feet in northeastern Kentucky and more
than 700 feet in west-central Indiana and central II-
linois indicate locations where detrital rocks in the
Borden are thick; isopachs generally trend subparallel
to interpreted depositional strikes. Thicknesses of 700
to more than 800 feet are found in southern Illinois and
western Kentucky. There, isopachs indicate maximum
thickness of Fort Payne and Ullin carbonate rocks and

broadly correspond to the Fairfield basin, although a
well-defined basin is not clearly outlined. The thickest
deposits occur in the southernmost parts of this area;
the interval is abruptly truncated at its southwestern
edge by pre-Cretaceous erosion.

Interval B thins southward in west-central Ten-
nessee to about 200 feet and westward in Missouri to
about 100 to 300 feet along the Kansas State line. In
most of Missouri, only minor variations in thickness are
recorded in the Burlington and Keokuk rocks which
dominate the interval. These rocks thin to less than 100
feet in extreme northwestern Missouri. In south-
western Missouri, the Pierson, Reeds Spring, Elsey,
Grand Falls, and associated interval B rocks exceed 300
feet in parts of an easterly trending belt which may
have extended as far east as western Tennessee (pl. 4-
A).

Some marked variations in thickness occur along the
La Salle anticlinal belt in eastern Illinois and Indiana
and from this belt southeastward to near the Cumber-
land saddle in Kentucky. Interval B rocks are relatively
thin in several areas along this southeast-striking belt;
the thin areas also partly correspond to those in which
rocks of interval A are absent (pl. 3-A).

Patterns of interval B isopach and lithofacies trends
are more easily interpreted in most of the region than
are those of interval A. The lithofacies pattern for in-
terval B (pl. 4-B) shows dominantly fine grained
detrital rocks in a northwest-striking belt extending
from eastern Kentucky across west-central Kentucky,
central Indiana, and much of Illinois. In some areas,
lobate tongues project southwestward from the belt,
culminating in the large tongue, the Borden delta,
which extends for more than 200 miles across central
Illinois. An exception to the lobate lithofacies boundary
is in south-central and west-central Kentucky, where
the southwest limit of predominantly detrital rocks has
aremarkably straight northwest trend. Elongate bodies
of reefoid crinoidal limestone and sandstone lie south-
west of the main belt of detrital rocks and closely
parallel this trend.

Northeastward and eastward coarsening of detrital
rocks in the Borden is shown by an increase of
sandstone in eastern Illinois and to a lesser extent in
northeastern Kentucky. Patterns indicating detrital
tongues extending northwest from the main Borden
delta in west-central Illinois may not accurately depict
westward directions of dispersal in that the interval in-
cludes some detrital rocks of the Warsaw and Sonora
Formations, as well as the Borden Siltstone, units whose
sources may have been unrelated. The arbitrary exclu-
sion of Warsaw and Sonora rocks from interval B west
of the Illinois River also creates an inconsistent
lithofacies pattern indicating a predominance of
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carbonate rocks in western Illinois and adjacent States
(p. 79). Inclusion of Warsaw and Sonora rocks in inter-
val B throughout the area would shift the shale
lithofacies patterns west and would show a strong
detrital facies component well into northeastern

Missouri and southeastern Iowa.
In area, carbonate rocks far exceed terrigenously

derived detrital rocks in the Eastern Interior basin.
Trends of lithofacies within the carbonate rocks in II-
linois south and west of the Borden delta are not clearly
shown on plate 4-B because the scheme of lithofacies
representation does not differentiate the different
types of carbonates and because the lithologic data used
for the Fort Payne Formation is not consistent. A large
area extending from south-central Kentucky south-
westward through west-central Tennessee and north-
ward into eastern Illinois and southwestern Indiana is
occupied by carbonate rocks and chert in the Fort
Payne, Ullin, and Muldraugh Formations. The
lithofacies pattern there is complex with enigmatic
trends. Siliceous rocks in the Fort Payne dominate
volumetrically from southern Illinois across western
and southern Kentucky and Tennessee. North of the
area of siliceous rocks, thick bodies of Ullin Limestone
or its equivalents are shown by areas of abundant
carbonate and scarce chert in southeastern Illinois,
southwestern Indiana, and western Kentucky. A
southeast-trending belt of the same facies across west-
central Kentucky is produced by thick carbonate units,
probably equivalent to the Muldraugh.

In much of Kentucky and west-central Tennessee,
rock units in the Fort Payne, in both outcrop and sub-
surface, have been described in widely varying terms,
such as limestone, silty limestone, siltstone, dolomitic
siltstone, silty dolomite, shaly limestone, shale,
siliceous or cherty shale, siliceous or cherty limestone,
chert, and silicastone. In some records the terms reflect
real variations within the fresh rock or differences
brought out by weathering; in others, they represent
differences of opinion or different schemes for classify-
ing fine-grained argillaceous-siliceous-calcareous
rocks. Few quantitative analyses of the charac-
teristically very fine grained Fort Payne rocks have
been published. Consequently, the lithofacies patterns
shown in western Kentucky and west-central Ten-
nessee are largely generalized. High carbonate and
silica content is characteristic of these rocks, but origin
of the silica content is debatable. Analyses of the Fort
Payne in Illinois show that quartz of silt and clay size is
an important but variable constitutent of these rocks
(Lineback, 1966, p. 23). Silica content in the Fort Payne
has also been ascribed to chemical precipitation or
replacement during deposition and diagenesis or to sec-
ondary causes, such as weathering (Bassler, 1932, p.
154—-155). I believe that the detrital component shown
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in parts of western Kentucky and Tennessee is proba-
bly too low.

Very high carbonate ratios in Missouri and Illinois
west of the Borden delta reflect the fairly uniform
lithology of the Burlington and Keokuk undivided.
Chert is estimated to compose slightly greater than 20
percent of the rock except in the central part of western
Missouri where chert is not as abundant. The chert oc-
curs mostly in the lower part of the unit. A general
northward increase in fine detritals in the Keokuk of
northeastern Missouri and increase of detritals north-
eastward in the Fern Glen are masked by the large
carbonate content of the interval as a whole. In south-
western Missouri, chert increases and may compose
more than 50 percent of most interval B units. There,
Robertson (1967) classified chert in the Elsey, Grand
Falls, and Reeds Spring Formations as: (1) interbedded
chert originating probably as an early diagenetic
replacement of limestone, (2) massive sheet chert,
replacing limestone after lithification and some struc-
tural activity, or representing reconstitution of carbon-
ate-chert beds, and (3) localized replacement chert,
later than the massive sheet chert. The last two
varieties are restricted mainly to the Tri-State mining
district of southwest Missouri, Kansas, and Oklahoma.
The interbedded chert is more widespread, but the
source of the silica, which was deposited along with
original carbonate material and was concentrated dur-
ing diagenesis, is unknown; its volume appears to be
more than can be attributed to siliceous sponges and
other organic sources. Chert in the Burlington and
Keokuk Limestones is generally considered to be an
epigenetic replacement of carbonate rocks. Fowler and
others (1934) favored a hydrothermal origin; Robertson
(1967) believed that much of the chert is early
diagenetic. Because this chert is a detrital constituent
of conglomerate of Chester age, it did form during
Mississippian time.

SOURCES OF SEDIMENT AND
ENVIRONMENTS OF DEPOSITION

Sand grains in basal Fern Glen beds in areas
marginal to the Ozark uplift (Kissling, 1961, p. 144) in-
dicate that Ozark areas were sources for some of the

detrital components of the Fern Glen. The distribution |

of the Fern Glen in Illinois and the increase in its
detrital content away from the Ozark region, however,
suggest that its distinctive red and green detrital com-
ponents were derived from northerly sources, such as
the Transcontinental and Wisconsin arches, during the
post-Chouteau—pre-Burlington hiatus (Sable, 1970).
The sediments accumulated along a shelf between
deepening water to the southeast and lowland areas to
the north and northwest. Other thin red mudstones in
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central Indiana, Kentucky, and Ohio probably came
from Cincinnati arch areas at this time (Sable, 1970).

Sandstones in the Borden are protoquartzites or
subgraywackes (Potter and Pryor, 1961), in strong con-
trast to the clean orthoquartzites characteristic of
sandstones in intervals C and D. Major source areas for
interval B sandstones were east and north of the Ap-
palachian basin (Potter and Pryor, 1961; Walker,
1962), in the Canadian Shield (Potter and Pryor, 1961),
and possibly in northernmost Canada (Swann and
others, 1965, p. 15). The volume of detrital sediments
transported into the Eastern Interior basin region dur-
ing interval B time, as shown by thicknesses and
isopach trends, indicates that source areas in the
eastern or northern Canadian Shield were dominant.
Sources east and northeast of the Appalachian basin
contributed a greater quantity of sediment to the
Eastern United States, but only the distal portions of
this large volume of detritus reached the Eastern In-
terior basin region.

Most of the detrital sediments in the Borden were
transported down a southwest-dipping regional
paleoslope across the Canadian Shield by the Michigan
River system (Swann, 1963, 1964). Detrital sediments
in the upper part of the Keokuk, the Warsaw, and the
Sonora may also have been derived from these source
areas, as indicated for sandstone in the Warsaw Shale
(Lineback, 1968b, p. 17), but their distribution and rela-
tion to the Borden rocks suggest that the Transconti-
nental arch or Wisconsin arch may have contributed
sediments to these units. Location of source areas for
the fine detrital components of the Fort Payne is uncer-
tain; if the silica contained in the Fort Payne is largely
clastic detritus, distant southern sources may be indi-
cated. Other indications supporting this possibility are
the increased thickness of mudstones in the basal Fort
Payne in some places of Tennessee and western Ken-
tucky (pl. 9-B, secs. c—c’, f—f). Detritus in the Fort
Payne rocks of south-central Kentucky and adjacent
Tennessee, however, may have been derived from
northern and eastern sources, like that in the Borden
clastics.

Evidence that the Borden of Illinois is a deltaic
deposit (Frund, 1953; Swann and others, 1965;
Lineback, 1966) includes recognition and tracing in the
subsurface of such classic delta structures as bottomset,
foreset, and topset beds, and fairly detailed geometry
and internal features of the delta have been
reconstructed. According to Lineback (1966), after
deposition of silty and sandy carbonates of the Fern
Glen, Burlington and Keokuk, crinoidal carbonate
banks developed in shallow water in western Illinois.
The banks developed to heights of 200—300 feet above
the surrounding sea floor in virtually sediment-free

water at the margin of a deeper water basin to the east.
The eastern edges of banks generally coincided with
eastern limits of Fern Glen sediments. The Borden
deltaic complex then advanced west into Illinois.
Deflection of deltaic sediments southward by the
carbonate bank on the west determined the direction of
growth of the long tongue-shaped Borden delta. Some
deltaic sediments in the Warsaw partly overrode the
crinoid banks. Subsurface tracing of foreset beds in the
deltaic sequence indicates that sediment at the foot was
deposited in water depths exceeding 600 feet. Several
sandstone bodies are interpreted to be turbidites which
were deposited largely on the prodelta plain (Lineback,
1968b). Following cessation of active delta growth, dark
siliceous carbonate rocks of the Fort Payne were
deposited in deep water and on forest slopes of the
delta, partly filling depressions adjacent to the delta.
Although deltaic structure of the Fort Payne has not
been proved, a deltaic origin is suggested by convex-up-
ward profiles of upper surfaces of the unit where it is
thick (pl. 9-B, sec. a—a’) and by some depositional
features. After deposition of the Fort Payne, an irregu-
lar submarine topography was left in southern Illinois.
Deep, narrow depressions in the sea floor were filled by
the Ullin Limestone, which overlapped the Fort Payne
and eventually onlapped the Borden delta. Cross-
stratified fossil-fragmental carbonate sediments, abun-
dant in upper part of the Ullin or of the Harrodsburg,
formed on a shallow-water platform on the Borden
delta and accumulated in and filled the adjoining
depressions, resulting in shallow water throughout the
area.

Most workers in Kentucky accept a concept of deltaic
deposition of Borden strata similar to that previously
described for Illinois. Evidence includes westerly and
southwesterly depositional dips in Borden detrital rocks
in south-central and west-central Kentucky (Weir and
others, 1966; Kepferle, 1968), and abrupt reciprocal
thickness relationships between westward-thinning
Borden siltstone and shale and the overlying
Muldraugh carbonates, which are in contact at a dis-
crete depositional interface (Kepferle, 1966; Peterson,
1966). In Kentucky, however, the depth of water proba-
bly did not exceed 300 feet and restricting crinoid
banks west of the encroaching deltaic sequence were
absent. Discontinuous crinoidal reefoid limestones in
the Fort Payne (Thaden and others, 1961) and elongate
barlike sandstone bodies (Cincinnati Univ. and In-
diana Univ., 1972) lie parallel to and marginal to the
main mass of Borden detrital rocks in Kentucky.
Carbonate skeletal material probably was washed from
topset or foreset slopes of the delta into deeper water
where it filled depressions or was piled up in barlike
deposits by longshore currents traveling parallel to the
delta slope. Attempted reconstructions of the deposi-
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tional basin in western Kentucky (pl. 9-B, secs. a—a/,
f—f) suggest an interdeltaic area.

The Cincinnati arch area was an intermittently
emergent source area according to Walker (1962, p.
110) who showed a coarse detrital clastic lithofacies for
Osage rocks along the arch in south-central Indiana.
Lithofacies patterns for interval B (pl. 4-B), however, do
not indicate the same abundance of coarse detritals,
although some sandstones are present in the Borden of
Indiana and west-central Kentucky. These could have
been transported from Canadian Shield sources.
Reconstructed isopachs (pl. 10, fig. 2) and lithofacies
patterns suggest that initially the Cincinnati arch may
have been a drainage divide for areas east and west of
it, and that it may have contributed minor amounts of
fine-grained sediment to interval B (Sable, 1970), but
early in the interval the arch was overwhelmed by in-
terval B deltaic sediments. The southern extension cf
the Cincinnati arch, the Nashville dome, also may have
contributed fine sediments during interval B time
(Walker, 1962, p. 110), but clastics near the dome seem
more likely a part of Borden and Fort Payne detrital
wedge derived from northern sources. The Nashville
dome perhaps acted much like the northern part of the
Cincinnati arch in deflecting some southwest-directed
detrital sediments around it to either side. During much
of interval B time it was probably a depositional site.

The interval B carbonate rocks west of the Borden
delta accumulated in agitated shallow water of normal
salinity. Onlap of the Burlington Limestone, and hence
transgression of the sea, was northward in eastern
Missouri and southeastern Iowa (Laudon, 1937) and
southward and westward in southwestern Missouri
(Thompson, 1967). Clear, warm seas that supported
abundant marine life spread from the Appalachian
basin westward in a shallow trough along the Arkan-
sas-Missouri border and from there northwestward
along the east side of the Ozark uplift (pl. 11, fig. 2).
The water was deeper and more turbid east of the
Ozark region compared to areas of the west. During its
maximum extent in late Burlington time the sea en-
tirely covered Missouri and probably connected with a
very large sea to the west. Minor amounts of fine
detrital material were shed southward or southwest-
ward into northeastern Missouri and western Illinois
during late Keokuk time. Somewhat greater amounts of
detritus were shed into the region during deposition of
the Warsaw Shale and Sonora Formation, but the
depositional patterns did not otherwise change greatly
during the transition from interval B to interval C.

Paleogeographic reconstruction (pl. 12, fig. 2) for
late-middle interval B (late Borden) time indicates that
shallow marine waters covered most of the areas. A
southwest-trending, deepwater trough occupied
southern Illinois and parts of adjoining States. A very

shallow sea is inferred for most of western Illinois and
Missouri. The Ozark region may have stood as an island
of low relief in this sea. Subaerially exposed lands in-
cluded low hills and plains in the Transcontinental arch
extension of Wisconsin and Minnesota, and in the
Canadian Shield to the northeast. Positions of river
systems in the area of the Transcontinental arch are
unknown inasmuch as their presumed deposits are now
mostly eroded away. The Michigan River system fed the
Borden delta and drained the northern or northeastern
land area in Canada. Plains areas adjoining hilly land
are inferred from occurrence of minor amounts of fine-
grained detritus in upper- and post-Borden interval B
rocks.

PALEOTECTONIC IMPLICATIONS

Parts of the Ozark region, northeastern Missouri,
and western Illinois were differentially uplifted during
early interval B. Farther east, in Illinois and Indiana, a
differentially subsiding basin existed. Still farther east,
a stable, submerged shelf was present. The Cincinnati
and Kankakee arches, however, were probably
relatively positive and were undergoing minor erosion.

The Eastern Interior basin region was generally a
mildly negative cratonic region during interval B time.
There are striking differences between the tectonic
framework during interval B time and that which pre-
ceded it during the Late Devonian and interval A. In II-
linois, a marked positive axis (Vandalia arch) in Late
Devonian (fig. 13) and earliest Mississippian times
became a trough during interval B. Conversely, areas in
western Illinois were uplifted and partially eroded prior
to deposition of the Burlington Limestone (p. 70), after
which a stable shelf persisted there through most of in-
terval B time. The areally restricted Fern Glen
Limestone accumulated during at least part of the time
when these changes took place.

The Cincinnati arch, including the Nashville dome,
was a stable to mildly negative structure that separated
slightly more rapidly sinking basins. The La Salle anti-
clinal belt and its southeastward extensions in Ken-
tucky were stable to slightly uplifted. After uplift early
in interval B time and mild erosion, the Ozark region
and its marginal areas in western Illinois and Missouri
became a slowly subsiding platform. North of the
region, the Transcontinental and Wisconsin arches,
emergent in early interval B time, were also stable or
structurally negative later in the interval.

A major negative element (pl. 10, fig. 2) was a south-
ward-deepening trough which extended from the
Michigan basin southwestward across central and
southern Illinois and southward to beyond present in-
terval B erosion limits.

In southwest Missouri and northern Arkansas,
thickness and relationships of interval B rocks suggest
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that an elongate east-trending basin formed during
early interval B time. The apparent westward thicken-
ing of the Fort Payne in western Tennessee (pl. 10, fig.
2) suggest that the basin may have extended eastward
onto the flank of the Nashville dome. However, data
concerning the basin are absent in the southern Ozark
and Pascola arch areas.

INTERVAL C
INTRODUCTION

Interval C rocks in the Eastern Interior basin region
are predominantly carbonate strata which accumu-
lated on shelves and in shallow basins. Relatively pure
limestones are dominant, sandy limestones occur in the
eastern and northwestern parts of the region, and some
units of sandstone and mudstone are present.
Restricted seas and aridity are indicated by evaporite
beds in parts of the region in mid-interval C time. A
regional hiatus is not recognized within the sequence,
although disconformities between some units are pres-
ent in areas marginal to major positive elements. Pres-
ent distribution of interval C rocks is considerably less
than those of intervals A and B, owing to pre-Penn-
sylvanian, pre-Cretaceous, and Holocene erosion.

FORMATIONS INCLUDED
AND STRATIGRAPHIC RELATIONS

The succession characteristic of interval C is (1)
fossil-fragmental carbonate rocks in the lower part
deposited under high-energy conditions, (2) very fine
grained chemically or organically precipitated
evaporites and carbonates in the middle part deposited
in quiet water, and (3) oolitic and sandy limestones and
minor sandstone in the upper part deposited in very
shallow water under high- and low-energy conditions.

Interval C units in the Eastern Interior basin region
(pl. 15) include the St. Louis and Ste. Genevieve Mem-
bers of the Newman Limestone in east-central and
northeastern Kentucky, the Ste. Genevieve Member of
the Monteagle Limestone in southeastern Kentucky, all
or upper parts of the Harrodsburg Limestone and of the
Warsaw Limestone of Kentucky and Tennessee and the
Renfro Member of the Borden Formation of south and
southeast Kentucky, the Warsaw Shale of extreme
western Illinois and Missouri except for southeast
Missouri, the Salem, St. Louis, and Ste. Genevieve (in-
cluding its Rosiclare Sandstone Member) Limestones of
western Kentucky, and the Aux Vases Sandstone and
the Levias Member of the Renault Formation in Illinois.
In Indiana, the Harrodsburg and Salem Limestones
constitute the Sanders Group, and the St. Louis and Ste.
Genevieve Limestones are included in the Blue River
Group.

Erosion has removed most interval C rocks from the

Cincinnati arch area; as a result all except the lower
units in the eastern part of Kentucky are separated by
at least 80 miles from their western counterparts.
Lithologic and faunal evidence, however, indicates that
all major interval C units were once continuous across
the Cumberland saddle in southern Kentucky. Yellow
silty dolomite at the base of interval C, the Renfro
Member of the Borden Formation, occurs also at the
base of the Newman Limestone in many eastern Ken-
tucky outcrop areas. Correlation of the Renfro with sub-
surface units in eastern Kentucky is uncertain; it may
be correlative with the Little Valley Limestone of the
Appalachian basin. The Renfro grades westward into
the Salem, Harrodsburg, and Muldraugh in south-
central Kentucky (Weir and others, 1966). The crinoi-
dal Harrodsburg Limestone consists of relatively pure
crinoid-bryozoan limestone and extends northwestward
across west-central Kentucky and Indiana to the
Borden delta in central and southwestern Illinois where
the Harrodsburg has been termed the Kidd Member of
the Salem (Baxter, 1960). The Harrodsburg has not
been recognized separately west of the Borden delta,
but time equivalents may be present in the undivided
Ullin Limestone. The Harrodsburg apparently pinches
out eastward and southward in south-central Ken-
tucky; equivalents of the Harrodsburg in western Ken-
tucky and west-central Tennessee are called Warsaw.

In Missouri, fossiliferous limestone of the Warsaw
Formation included in interval C is widespread but dis-
continuous. The Warsaw in northeastern Missouri and
westernmost Illinois is also included in interval C, but
the Warsaw in southeastern Missouri and in west-
central and southwestern Illinois is placed in interval B
as explained earlier (p. 78).

The Salem Limestone consists of locally dolomitic
medium- to coarse-grained conspicuously cross-bedded
fossil-fragmental oolitic and pelletal limestone and
dolomitic limestone, admixed with mudstone or con-
taining mudstone beds in some areas. The Salem
thickens irregularly from generally less than 100 feet
in its Indiana and Missouri outcrop belts to more than
400 feet in southern Illinois. In south-central Ken-
tucky, most or all of the unit termed the Warsaw or the
Warsaw and Salem undivided (Thaden and Lewis,
1962; Hamilton, 1963) is considered an approximate
time equivalent of the Salem of Indiana. Mudstone,
argillaceous limestone, and lesser amounts of
sandstone constitute appreciable parts of these units in
that area, and argillaceous rocks in the Salem are com-
mon to the north in Indiana as well as being present in
western Kentucky and southern Illinois. In Tennessee,
the Salem is not recognized by name, but beds in the
lower part of the St. Louis and upper part of the War-
saw are lithologic and faunal Salem equivalents. In
most of the Eastern Interior basin region, the St. Louis
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Limestone conformably succeeds the Salem, but in
parts of western Illinois, St. Louis overlies disconforma-
bly the Sonora Sandstone or sandy Salem beds.
Regionally, the Salem probably represents only an ap-
proximately equivalent unit which is in part a lateral
time equivalent of the early St. Louis (Lineback, 1972).
In southern Illinois, the Salem thickens and is darker
and more argillaceous than it is in the Indiana outcrop
belt. In the area where the Sonora Sandstone is present
on the northwest margins of the basin, sandstone and
sandy dolomitic limestone are included in a thin unit
referred to the Salem. Westward, in northeast Missouri,
rocks assigned to the Salem include interbedded green
mudstone and fossil-fragmental limestone; mudstone
content decreases southward. The Salem in western
and southwestern Missouri is tentatively identified by
the contained fauna (Spreng, 1961, p. 69), but the
Salem is missing in extreme southwestern Missouri
where rocks of interval D overlie the Warsaw and
Keokuk Formations (pl. 15, col. 56).

Early workers suggested that hiatus or disconfor-
mity separated the St. Louis from older rocks in the
Mississippi Valley (Weller, 1909; Van Tuyl, 1925); more
recent studies indicate that conodont faunas are transi-
tional upward into basal St. Louis beds. However, a gap
in the conodont succession within the lower part of the
St. Louis in western Illinois (Collinson, 1964, p. 9) may
mark a fairly widespread hiatus.

The St. Louis Limestone consists mostly of very fine
grained to sublithographic carbonate rock, containing
little detrital material. The St. Louis is more than 400
feet thick in southern Illinois and western Kentucky,
but it thins markedly along the margins of the Cincin-
nati arch and Ozark uplift. Much of the basinward
thickening of interval C rocks is due to thickening of
the lower part of the St. Louis and upper part of the
Salem. Gypsum and anhydrite occur in the lower part of
the St. Louis in several large areas along a southeast-
trending belt from west-central Illinois into west-
central Kentucky (Saxby and Lamar, 1957; McGregor,
1954; McGrain and Helton, 1964). Terrigenous clastic
material includes thin carbonaceous mudstone and
sandstone beds in the lower part of the formation in
west-central and south-central Kentucky, respectively,
and thin green to gray mudstone at various horizons in
many areas. Intraformational limestone breccias occur
in the lower part of the formation in Mississippi Valley
exposures and in adjacent areas of Illinois, Missouri,
and Iowa.

The contact of the St. Louis with the overlying Ste.
Genevieve Limestone is based on lithologic differences
and is regionally inconsistent (Swann, 1963, p. 27).
Some abrupt vertical offsets of this contact (pl. 9-C,
secs. a—a’, c—c’; Ulrich and Klemic, 1966) result from
differences in contact criteria, lack of widespread

datums, lack of detailed faunal studies, and charac-
teristically poor exposures of St. Louis.

The Ste. Genevieve Limestone is a tabular predomi-
nantly carbonate unit made up largely of oolitic and
fossil-fragmental limestones. Mixtures of carbonate
and quartz sand are important constituents of rocks
named Ste. Genevieve in eastern Kentucky and to a
lesser extent in northern Missouri and western Illinois.
Some quartz sand and sandstone are also present in the
vicinity of the Ste. Genevieve type locality in
southeastern Missouri. Thin mudstones occur at
several stratigraphic horizons in Illinois, Indiana, and
Kentucky, and one discrete widespread detrital unit,
the Spar Mountain Sandstone Member (Tippie, 1945),
interrupts the carbonate sequence in most of Illinois
(pl. 9-C, secs. a—a’, c—¢c, d—d') and parts of adjoining
States. In Illinois and western Kentucky several mem-
bers include, in ascending order: the Fredonia, Spar
Mountain, Karnak, and Joppa, which underlies the Aux
Vases Sandstone. In western Kentucky, the uppermost
members of the Ste. Genevieve are the Fredonia,
Rosiclare, and Levias. In Illinois, the Rosiclare is equat-
ed with and generally superseded by the name Aux
Vases Sandstone, and the Levias is the basal member of
the Renault Formation. The Ste. Genevieve and overly-
ing units were fully summarized by Swann (1963).

The Ste. Genevieve is overlain disconformably by the
Aux Vases Sandstone in southeastern Missouri, Illinois,
and southwestern Indiana. Where the Aux Vases is ab-
sent or not recognizable, as in much of Kentucky and
Indiana, the Ste. Genevieve is overlain by interval D
beds of the Renault, Paoli, Girkin, and Monteagle
Limestones. Swann (1963, p. 32) indicated that the up-
per surface of the Ste. Genevieve is younger in western
Kentucky than in southern Illinois because of miscor-
relations of detrital units in the Ste. Genevieve (upper
part) and Aux Vases. In northeastern Kentucky, diag-
nostic fossils are scarce in the Newman Limestone, and
sandy carbonate rocks ascribed to the Ste. Genevieve
are placed at the top of interval C.

The Aux Vases Sandstone includes sandy
equivalents of Spar Mountain, Karnak, and Joppa Mem-
bers of the Ste. Genevieve and is overlain by interval D
Renault Limestone or by interval C Levias Limestone
Member of the Ste. Genevieve. The Levias is considered
partly equivalent to the Bryantsville Breccia Bed of In-
diana (Swann, 1963).

UPPER BOUNDARY OF INTERVAL C

Interval C rocks are overlain by Mississippian rocks
of interval D and by Pennsylvanian, Cretaceous, or
Quaternary units. In several areas, Pennsylvanian
rocks overlie rocks of interval C with a low degree of
discordance or with disconformity. In the northern part
of the Eastern Interior basin, Pennsylvanian rocks rest
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on successively older interval C beds northward, and in
north-central Illinois they truncate the interval B—in-
terval C and older boundaries. In northern, western,
and central Missouri, Pennsylvanian units lap onto the
unconformity at the top of interal C and rest on
progressively older rocks toward the Ozark region. Cre-
taceous rocks rest unconformably on interval C strata
in westernmost and southernmost Illinois, in western
Kentucky, and in west-central Tennessee. Interval D
rocks overlie interval C strata in the Eastern Interior
basin in southeastern Missouri, western and most of
eastern Kentucky, southwestern Indiana, and central
and southern Illinois.

West of the Cincinnati arch, the boundary is located
on the basis of crinoids between occurrences of
Platycrinites penicillus (Meramec) and Talarocrinus
spp. (Chester). Other criteria for recognition of the
series boundary west of the Cincinnati arch were given
by Swann (1963, p. 32—33). The Meramec-Chester
boundary (table 2) corresponds closely to the top of the
Aux Vases Sandstone in southeastern Missouri and in
southwestern to southern Illinois, to the top of the
Levias Limestone Member of the -Ste. Genevieve
Limestone in parts of southern and eastern Illinois and
western Kentucky, and to the top of the Ste. Genevieve
in Indiana and west-central and southern Kentucky,
which locally corresponds to the top of the Bryantsville
Breccia Bed of the Levias Member. Locally discordant
relationships at the contact, presence of sedimentary
breccias, and the gap in the crinoid succession indicate
hiatus at the interval C—interval D boundary (Weller
and Sutton, 1940, p. 819—822); however, most modern
workers consider depositional gaps at or near the
boundary to represent only a short time (Swann, 1963).

In the eastern Kentucky outcrop belt adjacent to the
Cincinnati arch, the upper boundary of interval C is
drawn at the top of the Ste. Genevieve Member of the
Monteagle or Newman Limestone. Criteria for the
boundary within the Monteagle in the eastern part of
southern Kentucky are both paleontologic and
lithologic (Lewis and Thaden, 1965b); the boundary is
placed at the top of one of several limestone breccia
beds referred to the Bryantsville Breccia Bed by
McFarlan and Walker (1956). Farther north, in east-
central and northeastern Kentucky, where the Ste.
Genevieve is the top of interval C, the upper boundary
is not well defined lithologically (McFarlan and Walker,
1956, p. 10). The boundary is even more difficult to
determine in the subsurface of eastern Kentucky.
There, it is largely delineated arbitrarily on the basis of
projected regional trends, and, in a few wells, by the
presence in interval D of reddish beds which are
thought to correlate with the Taggard Red Member of
the Greenbrier Limestone (interval D) of the Ap-
palachian basin. Evidence for disconformity at the in-

terval C—interval D boundary in northeastern Ken-
tucky consists of Chester equivalents in contact with St.
Louis or older beds in Menifee and Rowan Counties.
The boundary there is interpreted to represent overlap
on a topographic and (or) structural high (McFarlan
and Walker, 1956, p. 11).

THICKNESS AND LITHOFACIES TRENDS

Original thicknesses of interval C rocks in the
Eastern Interior basin region are limited to parts of
southeastern Missouri, Illinois, Indiana, and Kentucky.
Pre- or intra-Pennsylvanian erosion has removed much
of these strata from former areas of deposition in west-
central Indiana, central and western Illinois, most of
Missouri, and parts of northeastern Kentucky. Pre-Cre-
taceous erosion has removed very thick sections of in-
terval C rocks in southernmost Illinois and
westernmost Kentucky. Thicknesses of interval C (pl.
5-A) range from 400 to more than 1,100 feet. Thickest
accumulation of sediment was in southern Illinois,
western Kentucky, and southwestern Indiana.
Marginal to the Cincinnati arch in eastern Kentucky,
interval C is generally less than 200 feet thick.

Lithofacies patterns of interval C rocks are relatively
simple and show carbonate rocks (pl. 5-B) throughout
the area of uneroded interval C. The bordering areas in
which detrital components are in sufficient abundance
to affect lithofacies patterns are those in which the up-
per predominantly limestone units, such as the St.
Louis and Ste. Genevieve, have been eroded; fine
detritals in the lower units, such as the Salem and in
Kentucky-Tennessee the Warsaw, make up a corres-
ponding larger proportion of the rock that is left. The
effect of mudstone in the Salem and Warsaw shows
most strongly on the lithofacies map of interval C in
south-central and west-central Kentucky; however,
mudstone is present in about the same amount from
southern Indiana to the Nashville dome.

Varying proportions of sandstone, mudstone, and
carbonate in central and western Illinois reflect varia-
tions in the Salem Limestone and Sonora Sandstone.
Sandstone extends a short distance south of this area
(pl. 9-C, sec. a—a’), but its presence is masked by overly-
ing carbonate rocks. Mudstone makes up an especially
large component of the interval in western Illinois and
adjacent Missouri where the boundary between inter-
vals B and C was lowered to include the Warsaw Shale
in interval C. (See p. 79.) Sandy limestone and
sandstone beds in the Ste. Genevieve do not appreciably
influence the dominantly carbonate lithofacies in
northeastern Missouri, but an increase in the sand
fraction is shown to the north in Iowa (pl. 5-B).
Similarly, quartz sand in Ste. Genevieve rocks of north-
eastern Kentucky and in their equivalents in southern
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Ohio and West Virginia is shown by the mixed
sandstone-carbonate lithofacies pattern of those areas
and of areas farther south in eastern Kentucky.

SOURCES OF SEDIMENT AND
ENVIRONMENTS OF DEPOSITION

Although all preserved interval C rocks were
deposited in marine environments, the distribution of
terrigenous detrital material indicates transport from
source areas mostly east and northeast of the Ap-
palachian basin, and also along the Transcontinental
arch in Wisconsin and Minnesota. Lesser sources of
sediment may have been east of the present-day
southern Appalachian Mountains, and small amounts
of sediment may have been shed from areas of low relief
along the Cincinnati arch and Ozark uplift. Williams
(1957, p. 315 —316) suggested three source areas for
detritals in Warsaw and Salem Formations of this
region — Wisconsin, Ozarkia, and Appalachia. Rubey
(1952, p. 50) reported sand grains derived from igneous
and metamorphic rocks in the St. Louis Limestone of
eastern Missouri and suggested the presence of exposed
land areas in that region.

A northeastward-increasing sand content in the Ste.
Genevieve Limestone of northeastern Kentucky,
southern Ohio, northern West Virginia, and western
Pennsylvania indicates a northeastern source area.
Sandy debris is rare in the Ste. Genevieve immediately
west of the Cincinnati arch, which suggests that the
arch may have been a barrier to the dispersal of
detritus from northeastern sources.

Evaporites in the St. Louis Limestone (pl. 9-C, secs.
a—a, c—c, d—d/, e—¢') in Illinois, Indiana, and western
Kentucky are indicators of restricted circulation in a
local basin and high rates of evporation (Whiting, 1959,
p. 9). Limestone breccias are widespread in the St. Louis
Limestone west of the evaporites and may indicate dis-
solved evaporite deposits (Collinson, 1964, p. 7).

Source areas and transport directions are not known
for the conspicuous mudstone and sandstone in the
Salem and Warsaw in the Cumberland saddle area of
south-central Kentucky and adjacent Tennessee and
for mudstone along the west side of the Cincinnati arch
in Kentucky. Land of low relief in the Cincinnati arch
and Nashville dome areas may have contributed these
sediments, or they may have been swept westward from
sources east of the southern Appalachian Mountains
through the Cumberland saddle to the west flank of the
Cincinnati arch. The latter possibility seems more
likely because eroded pre-Mississippian units on the Je-
samine or Nashville domes probaby did not contain
sufficient sand to be the source. Possibly, the mudstone
and sandstone represent reworked interval B sedi-
ments of the Appalachian area.

The distribution of sandy units in the Salem and Ste.
Genevieve of northern Missouri, Iowa, and western Il-
linois and the southward intertonguing of the detrital
beds with dominantly carbonate rocks are evidence
that the sand and silt were derived from northern
source areas west of the Michigan basin, probably along
the Transcontinental arch. The evidence is not as
definitive in the Salem as in the Ste. Genevieve. The
distribution of sand in the Salem in western Illinois can
also be explained by a northeasterly source from which
sediment was dispersed southwestward across the
southeast margin of the Michigan basin. Across the
central part of the region, however, sandy beds are not
present in interval C in northwestern Indiana as might
be expected with a northeasterly source. Source areas
of small size in the Ozark region probably contributed
to the Ste. Genevieve in southeastern Missouri.

The Spar Mountain Sandstone Member of the Ste.
Genevieve Limestone and the Aux Vases Sandstone are
the two major detrital tongues in the uppermost part of
the otherwise carbonate-dominated interval C se-
quence. Sand in both units was considered by Swann
(1963) to have been transported from northeastern
source areas by a southwest-flowing river system, the
Michigan River. Crossbeds in the Aux Vases of south-
western Illinois (Potter, 1963, p. 69) indicate that
transport directions there were to the southeast, sug-
gesting that if the Michigan River was the source, its
sediment moved south along the west side of the
Eastern Interior basin during Aux Vases time. Con-
tributions of sediment from Transcontinental arch
highlands to Illinois and Missouri by a separate
southeast-flowing river system is also a possibility.

Depositional environments for interval C sediments
were largely shallow marine except for the darker and
finer grained rocks of the Salem and St. Louis in the
southernmost part of the Eastern Interior basin where
the water may have been moderately deep (pl. 11, fig.
3). The textures of the carbonate rocks reflect a wide
variety of depositional conditions. Waters ranged from
clear to turbid and from agitated to quiet. In general,
agitated water is indicated by fossil fragmental,
crossbedded, and interlensing beds in the Harrodsburg,
Salem, Warsaw of Kentucky-Tennessee, Ste.
Genevieve, and Aux Vases strata, whereas quiet water
is inferred for St. Louis evaporites and lutitic and
micritic, generally tabular-bedded carbonate rocks.

The Harrodsburg Limestone has not been studied in
detail, but its relatively pure carbonate composition,
abundant disarticulated fossil remains, and crossbed-
ding indicate a striking change from turbid water, in
which the underlying Borden Formation was deposited,
to widespread clear water. Fossil debris, probably the
disarticulated hard parts of fauna indigenous to the
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delta platforms, were swept by currents into adjacent
depressions on the sea floor of the platforms and delta
slopes.

Pinsak (1957) concluded that nearshore, shallow-
water offshore (shelf), and deepwater offshore (basin)
environments are represented in limestone of the
Salem Limestone in Indiana. The shallow-water
offshore environment of Pinsak is compared to the en-
vironment on the present-day Bahama Banks (Indiana
Univ., 1966). Clear-water conditions are shown by the
Salem in Indiana, but markedly more turbid water is in-
dicated by the argillaceous content of the Salem and
Warsaw of Kentucky and Tennessee and southwestern
and southern Illinois. Clear, agitated, freely circulating
water is suggested by Salem and Warsaw rocks in most
of Missouri.

A distinct change to low energy conditions and
shallow water is reflected by rocks of the St. Louis
Limestone (pl. 11, fig. 3). Carbonaceous mudstones and
limestones in lower beds of the St. Louis of west-central
Kentucky, possible time equivalents of the adjoining
evaporites, may indicate that land along the Cincinnati
arch acted as a barrier to free circulation, a factor
favorable to evaporite deposition. Open seas probably
lay to the south. A seaway may have intermittently
connected the Michigan basin sea across the Kankakee
arch.

Rocks in the upper part of the St. Louis largely repre-
sent a general transition to clear, freely circulating but
quiet water in which both chemically and organically
precipitated carbonates could accumulate. A major
transgression during this time probably inundated all
or large areas of the Ozark region, as well as the Cincin-
nati and Kankakee arches. Fine grain size, tabular
beds, and general scarcity of terrigenous clastic debris
indicate that wave and current activity were weak and
that source areas were low or remote, perhaps like the
present environment of Florida Bay. Dolomitic beds,
the relative scarcity of fossil remains, and scattered oc-
curences of gypsum suggest that a hypersaline environ-
ment existed in some areas throughout much of St.
Louis time.

During deposition of the Ste. Genevieve, clear very
shallow seas with normal circulation prevailed. The
waters were alternately quiet and agitated. A general
vertical transition from very shallow water bay to open
water bank environment occurred from St. Louis to Ste.
Genevieve time in much of the basin, as indicated by an
upward increase of oolitic limestones, the current struc-
tures, and prolific shallow-water faunas and sedimen-
tary limestone breccias. Comparable rocks are forming
in the present Bahama Banks (Whiting, 1959, p. 9).
Terrigenous clastics of the Spar Mountain, Aux Vases,
and less widespread units in the central and southern

parts of the basin are sheetlike deposits that
periodically interrupted the carbonate regime. These
clastics represent the onset of cyclical deposition which
characterizes marine, marginal, and continental en-
vironments displayed by interval D deposits.

Paleogeographic interpretation indicates that during
most of interval C time the region was covered by a
shallow sea. Seaway connections existed mainly to the
south, between the Ozark uplift and the Nashville
dome, and intermittent connections with the Ap-
palachian basin may have been through the Cumber-
land saddle.

Paleogeographic reconstruction (pl. 12, fig. 3) for in-
terval C time shows a topographically low peninsula
along the Cincinnati arch southward into Kentucky.
During early St. Louis regression, low-lying land may
have extended northwestward along the Kankakee
arch. A low peninsula also extended southeastward
from hilly land in Minnesota and Wisconsin during
early St. Louis time. Small river systems flowed south-
ward and southwestward from the Minnesota-Wiscon-
sin uplands. In late interval C (Ste. Genevieve) time, an
island in the Ozark region probably shed a small
amount of sediment eastward.

Evidence for the Michigan River system, prominent
in interval B and interval D times, is lacking in all ex-
cept the youngest units in the Eastern Interior basin.
During interval C the river may have had little sedi-
ment-carrying capacity, because of widespread aridity
or because it headed in lowlands. Most likely, the point
where the river debouched into the sea was too far
north for much sediment to reach the Eastern Interior
basin region.

PALEOTECTONIC IMPLICATIONS

Trends and positions of major tectonic elements in-
herited from interval B time changed little during in-
terval C except that the basins and uplifts were some-
what accentuated. The Eastern Interior basin was a
major negative feature during interval C as shown by
subsidence of more than 1,100 feet in the southern part
of the basin and thinning of interval C toward such
positive features as the Cincinnati, Kankakee, and
Mississippi River arches (pl. 5-A). Maximum subsi-
dence of the basin occurred during Salem and early St.
Louis time. This major differential downwarping ceased
in late St. Louis time, and relatively even subsidence
took place over wide areas. This subsidence is shown
both on the isopach map of interval C (pl. 5-A) and, by
the restored isopachs, on the paleotectonic map (pl. 10,
fig. 3). The restored isopachs show that interval C sedi-
ments thinned markedly onto the Ozark uplift, perhaps
more abruptly than indicated on the reconstruction.
Thickness changes may have been partly controlled by
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a southeast-trending hingeline across southeastern
Missouri along the trend of the Wittenberg trough of
Devonian age and the post-Mississippian Ste.
Genevieve fault. The Cincinnati arch and Ozark uplift
restricted seaways during St. Louis evaporite deposi-
tion, although they contributed little detrital sediment.
The areas in Missouri north and west of the Ozark
uplift are interpreted to have been mildly subsiding
shelves on which a fairly uniform thickness of sediment
accumulated. In western Missouri, southward thicken-
ing of the Warsaw Formation (pl. 9-C, sec. b—b’) indi-
cate minor subsidence producing a shallow basin in this
area. Local disconformable relationships between rocks
of intervals D and B in southwestern Missouri, not
shown on plate 9-C, suggest that at least parts of that
area were emergent during interval C time.

The gap in the conodont succession in the lower part
of the St. Louis Limestone may mark a tectonically acti-
vated hiatus. If so, movements were even, and the
resulting unconformity has not been widely recognized.

In eastern Kentucky, thin shallow-water sediments
imply that a platform existed between the Cincinnati
arch and the Appalachian basin trough. The platform
was modified in southeastern Kentucky by a shallow
basin and in northeastern Kentucky by small arches
which were islands during part of interval C time (pl.
10, fig. 3).

INTERVAL D
INTRODUCTION

Interval D rocks are characterized by cyclic alterna-
tions of detrital and carbonate strata. The interval is
‘preserved in three separate areas: from south-central
Kentucky to central Illinois and southeastern Missouri,
in eastern Kentucky, and in southwestern Missouri
(pls. 6-A, 15). Specific correlations between the some-
what different sequences in the three areas are uncer-
tain. The interval D sequence is the Chester Series in
the Eastern Interior basin and its age equivalents in
the other areas.

A voluminous literature has developed dealing with
many aspects of Chester rocks in the Eastern Interior
basin. Swann (1963) reviewed the nomenclatural histo-
ry of units; discussed time and rock stratigraphy,
biostratigraphy, and depositional framework, and he
included a pertinent bibliography. Chester sandstones
were studied by Potter and others (1958) and by Potter
(1962, 1963). Conodont studies include those from the
type Chester area in southwestern Illinois (Rexroad,
1957). In Indiana rocks of Chester age were described
by Malott (1952), and in western Kentucky, by Ulrich
(1917), Butts (1917), and McFarlan and others (1955).
Chester equivalents in eastern Kentucky were studied
by Butts (1922), McFarlan and Walker (1956), and Vail
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(1959). Southwestern Missouri interval D rocks have
been reviewed by Spreng (1961, p. 77—78), and their
paleontology has been discussed by Wright (1952).

FORMATIONS INCLUDED
AND STRATIGRAPHIC RELATIONS

Rhythmically deposited units of limestone and clay-
to sand-sized terrigenous clastics characterize the in-
terval D sequence in the Eastern Interior basin. Sub-
division into more than 20 formations is shown in the
correlation chart (table 2). Formations have been
defined in outcrops in the Chester district in south-
western Illinois, in southern Illinois, in western, west-
central, and south-central Kentucky, and in south-
central Indiana. Correlations of nomenclatural units
are generally consistent across State boundaries,
although some units that are not divisible in some areas
are readily divided in others. Physical criteria for some
formational boundaries are different in adjoining
States, and variations in terminology and groupings of
units occur from State to State.

Interval D strata in the Eastern Interior basin com-
prise five formal groups in Illinois and three in Indiana.
Groupings are based on lithologic similarity. Facies
changes were produced by shifting loci of terrigenous
clastic accumulations (Swann, 1963, p. 21—22). Time-
stratigraphic divisions include the successively younger
Gasperian, Hombergian, and Elviran Stages in Illinois
(Swann, 1963, p. 21—23); the stage boundaries are con-
sidered to closely correspond to rock stratigraphic
boundaries.

Dominantly detrital units in the Eastern Interior
basin, in general ascending order, consist of the
Renault Formation, Yankeetown Chert, Bethel Sand-
stone or Mooretown Formation, Ridenhower Shale or
Sample Sandstone, Cypress Sandstone or Elwren For-
mation, Fraileys Shale and its equivalent, the Big Clifty
Sandstone (locally a member of the Golconda Forma-
tion), the Hardinsburg, Tar Springs, Waltersburg,
Palestine, and Degonia Sandstones, and Grove Church
Shale. The Leitchfield Formation of west-central Ken-
tucky consists largely of mudstone equivalents of the
Tar Springs and younger clastic units; the Buffalo
Wallow Formation is similar lithologically and overlies
the Tar Springs beds. The preceding units contain
minor limestone, but are composed mostly of varying
proportions of mudstone and orthoquartzite sandstone
which regionally constitute roughly 50 and 25 percent
respectively of interval D rocks. The proportions and
thicknesses of mudstone and sandstone show great
lateral variation. In many places thick sandstones com-
pose most or all of a formation and their lower bound-
aries are erosional. Truncation of underlying beds
ranges from intraformational to removal of one or more
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underlying formations. The morphology and internal
features of the sandstones establish many of them as
bar-finger and channel-fill deposits; some appear to be
sheet sands, and upward-convex profiles of others sug-
gest bar or beach origin. Although rarely recognized,
channel fills of mudstone or of admixtures of mudstone
and sandstone are also present. Marine fossils occur in
the lower parts of many sandstones. Coaly beds and un-
fossiliferous red shales, considered to be continental,
are present in the upper parts of many detrital-domi-
nated units in some areas.

A striking example of a channel-fill deposit is ex-
hibited by Bethel Sandstone or Mooretown Formation
in western Kentucky. This deposit extends for more
than 150 miles and locally cuts through more than 250
feet of pre-Bethel strata (Reynolds and Vincent, 1967).
It is interpreted to have been a unique submarine chan-
nel (Indiana Univ. and Cincinnati Univ., 1969). Other
elongate sandstone bodies have integrated distribution
patterns suggesting a stream network (Potter, 1962,
1963; Sullivan, 1972).

Widespread units that are mostly limestone in the
Eastern Interior basin include parts of the Renault For-
mation, and the Paoli, Girkin, Beech Creek, Haney, Gol-
conda, Glen Dean, Vienna, Menard, Clore, and Kinkaid
Limestones. They consist of relatively pure limestones
and include micrites and sparites, and fossil-fragmen-
tal, oolitic, pelletal, argillaceous, and sandy limestone
varieties. Chert and silicified limestone are relatively
rare, although they characterize some units. Small
amounts of mudstone and sandstone are interbedded
with limestone in some areas. Mudstone is generally
more abundant in the middle and upper Chester units,
such as the Glen Dean, Menard, and Clore, than in the
lower ones. Thin and discontinuous shale beds in the
Girkin Formation of south-central Kentucky are distal
facies of thicker dominantly sandstone and shale for-
mations to the north and west. The lower surfaces of
limestone units are commonly more planar than those
of detrital units, although gradational and interfinger-
ing relationships between limestone and underlying
mudstone and sandstone and local thickening of
limestone units at the expense of underlying clastic
units have been recognized. Several limestone units in
the Leitchfield and Buffalo Wallow Formations in
central Kentucky are continuous with the Vienna,
Menard, and Kinkaid of western areas (Stouder, 1938;
A. E. Smith, written commun., 1965).

In the eastern Kentucky outcrop belt, interval D
rocks consist of a lower unit that is predominantly
limestone and an upper unit that is mostly mudstone.
In southeastern south-central Kentucky (pl. 15, col.
41), the lower unit consists, in upward succession, of the
upper limestone member of the Monteagle Limestone
(Lewis and Thaden, 1965b), the Hartselle Sandstone,

and the Bangor Limestone. Northeastward, the
Hartselle becomes unrecognizable, and the upper
limestone member of the Newman Limestone, includ-
ing Monteagle and Bangor equivalents, constitutes the
lower carbonate part of interval D. The carbonate rocks
are relatively pure; their gross features resemble those
of Chester limestones in western Kentucky, and minor
discontinuous beds of mudstone reflect roughly
rhythmic depositional cycles similar to those in the
Girkin Limestone. The Hartselle Sandstone, the prin-

cipal noncarbonate unit in the carbonate-dominated

section, consists of sandstone and mudstone
lithologically similar to those in western Kentucky. The
overlying Bangor Limestone is somewhat more
argillaceous than the limestones underlying the
Hartselle and in part bears a fauna similar to that of
the Glen Dean Limestone of western Kentucky.
Detailed correlation between eastern and western Ken-
tucky has been attempted by McFarlan and Walker
(1956) who considered the Hartselle equivalent to the
Hardinsburg Sandstone. The Hartselle has been correl-
ated with the Big Clifty by others (Peterson, 1956; Vail,
1959) on the basis of petrologic studies and correlation
of overlying and underlying limestones.

The Pennington Formation is the uppermost interval
D unit in eastern Kentucky. The Pennington is largely
composed of mudstone in outcrop, but eastward, in the
subsurface, sandstones become major constituents and
include correlatives of the Stony Gap Member of the
Hinton Formation of West Virginia. The Pennington
has been raised to group rank where it is divisible into
several formations (Vail, 1959). The Pennington is ap-
proximately equated with post-Glen Dean rocks of
western Kentucky (McFarlan, 1943, p. 95), but detailed
correlations of intra-Pennington units with the upper
Chester rocks of western Kentucky have not been
established.

Incompletely preserved outliers of interval D rocks
occupy small areas in southwestern Missouri (pl. 15).
They include in ascending order, three conformable
formations: the Hindsville, Batesville, and Fayette-
ville. Another unit, the Carterville Formation, locally
fills sinks in rocks underlying interval D. The Carter-
ville consists of clay and conglomerate, sandstone, and
dark mudstone. The Hindsville is dominantly
crossbedded crystalline to oolitic limestone with locally
interbedded mudstone and siltstone; it overlies inter-
val B rocks. The fauna of the Hindsville has a lower
Chester aspect but is also similar to Meramec forms
(Spreng, 1961, p. 77). The Batesville is a calcareous
sandstone interbedded with thin oolitic limestone, and
the Fayetteville is dominantly black carbonaceous
shale with small amounts of dark ferruginous
limestone interbedded. Correlations with Eastern In-
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terior basin rocks are uncertain; the Batesville is
believed to be an age equivalent of lower Chester
rocks, and the Fayetteville, an equivalent of the
Haney, Hardinsburg, and Glen Dean (Spreng, 1961, p.
78).

UPPER BOUNDARY OF INTERVAL D

Coarse- to fine-grained detrital strata of Pennsylva-
nian or Cretaceous ages unconformably overlie rocks of
interval D in the Eastern Interior basin. Pre-Cre-
taceous erosion has removed more than 1,300 feet of in-
terval D strata as well as older rocks in southernmost
Illinois. Basal Pennsylvanian units overlying rocks of
interval D at different places represent Morrow, Atoka,
or Des Moines strata, and they are dominantly
sandstone and conglomerate. Despite the widespread
major erosional hiatus that preceded deposition of
these Pennsylvanian sediments, the systemic boundary
is difficult to recognize in many places. The pre-Penn-
sylvanian surface has considerable local relief, com-
monly 100—300 feet and in some areas as much as 450
feet (Siever, 1951, p. 561—562); thus, basal Pennsylva-
nian strata locally rest on a number of different inter-
val D units within short distances. Pennsylvanian basal
sandstones are compositionally and texturally similar
to those of interval D, and in many places un-
fossiliferous mudstone and siltstone of uncertain age
constitute the strata between known Mississippian and
Pennsylvanian beds; therefore, recognition of the
systemic boundary in some areas is difficult. In areas of
high control-point density and detailed data, such as
many parts of Illinois, the boundary is well defined; in
other areas, such as parts of eastern Kentucky, fewer
control points and less accurate data may produce er-
rors as much as 100 feet or more in interval D
thicknesses given here (pl. 6-A).

Pre- or intra-Pennsylvanian erosion manifested it-
self in three ways: by irregular but progressively deeper
beveling of pre-Pennsylvanian strata toward the north-
ern margins of the basin, by beveling of smaller pre-
Pennsylvanian structures within the basin, and by the
imposition of an integrated southwest-trending chan-
nel system which is well expressed in the northeastern
and southern parts of the basin. More than 600 feet of
interval D strata was beveled in central and eastern Il-
linois and western Indiana. Channel cutting produced
local relief commonly as much as 300 feet.

In much of eastern Kentucky, sandstone, conglomer-
ate, and shale of the Lee and Breathitt Formations of




92 PALEOTECTONIC INVESTIGATIONS OF THE MISSISSIPPIAN SYSTEM, PART I

Morrow and Atoka ages unconformably overlie rocks of
interval D, and, locally, in northeastern Kentucky they
truncate rocks of intervals C and B. In southeastern
Kentucky, however, the Pennington and Lee Forma-
tions are conformable according to Englund (1964),
who considered the basal part of the Lee to be of Late
Mississippian age.

In southwestern Missouri, Pennsylvanian rocks of
the Hale Formation (Morrow) overlie the Fayetteville
Formation at a few scattered localities. The absence of
interval D in parts of southeastern Missouri where
clays of the Cheltenham Formation (Atoka) overlie in-
terval C rocks is probably the result of pre-Cheltenham
erosion.

THICKNESS AND LITHOFACIES TRENDS

All originally deposited thicknesses of interval D
rocks in the Eastern Interior basin have been modified
by Pennsylvanian, Cretaceous, or Holocene erosion.
The youngest Mississippian rocks, which include the
Kinkaid Limestone and Grove Church Shale, occur in
the southern part of the basin. There, more than 1,350
feet of interval D rocks (pl. 6-A) are recorded in ex-
treme southern Illinois, and nearly 1,200 feet, in
western Kentucky. The original upper surface of the in-
terval cannot be confidently restored in most areas;
however, within units that are widespread, the Glen
Dean Limestone and older rocks thin depositionally
northward and eastward toward basin margins (pl. 9-D,
secs. a—a', d—d'). Because the proportion of sandstone
in interval D increases northeastward, detrital units
now eroded away may once have been appreciably
thicker.in that direction.

In the eastern Kentucky outcrop belt marginal to the
Cincinnati arch, preserved thicknesses of interval D do
not exceed 500 feet. Westward thinning toward the
arch and the thinness or absence of interval D in north-
eastern Kentucky largely result from deeper pre-Penn-
sylvanian erosion in those areas. The lower, dominantly
carbonate, part of interval D is also thinner here than
in either western Kentucky or the Appalachian basin.

The lithofacies patterns of interval D (pl. 6-B) result
from combining many rhythmic alternations of detrital
and carbonate units, modified by irregular amounts of
erosion in the upper part of the interval. These areas
are distributed roughly symmetrically along a line from
west-central Indiana to southern Illinois. In the more
nearly complete sections of interval D in the southern
part of the basin, sandstone areas are most abundant in
southern and southeastern Illinois and are common in
western Kentucky. In areas of incomplete sections in
the northeast part of the basin, lobate sandstone
tongues converge toward the center of the basin, a pat-
tern similar to that shown by Swann and Bell (1958).
Increase of carbonate rocks along the southernmost

erosional limits in Kentucky results from the south-
ward thinning of pre-Big Clifty detrital units (pl. 9-D,
sec. a—a’). A westward increase in mudstone in Chester
rocks reported by Swann (1963, p. 15; 1964, p. 649) is
not evident on the lithofacies map but is evident for
some detrital- and carbonate-dominated formations in
cross section a—a’' (pl. 9-D). A known southeastward in-

crease in the mudstone —sandstone ratio in post-Glen

Dean rocks of west-central Kentucky is not indicated
by the lithofacies pattern.

In eastern Kentucky, lithofacies patterns marginal
to the Cincinnati arch largely reflect the degree of pre-
Pennsylvanian erosion. Areas in which fine detritals
are shown are areas in which the Pennington is thick.
Carbonate patterns in east-central and northeastern
Kentucky indicate areas in which Pennington is thin or
absent, perhaps because it was thin originally, but
mostly because it was partly or entirely removed by pre-
Pennsylvanian erosion.

SOURCE AREAS AND
ENVIRONMENT OF DEPOSITION

An ancient southward-flowing river system, first en-
visioned by Stuart Weller (1927, p. 26) and later named
the Michigan River (Swann, 1963, p. 12), transported
detrital sediments into and across the basin (pl. 11, fig.
4; pl. 12, fig. 4). Evidence for the Michigan River con-
sists of regional thickness and facies distribution of in-
terval D units (Swann and Bell, 1958), southward-dip-
ping crossbeds in generally southward-trending
sandstone bodies (Potter and others, 1958; Potter,
1963), and channel-fill morphology of sandstone bodies
(Potter, 1962, p. 28—29; 1963; Reynolds and Vincent,
1967). The main sediment source was in eastern
Canada, either in the Shield or in northward extensions
of the Appalachian Mountain belt. The possibility that
the uplifted Franklinian geosyncline in northern
Canada was a major source has also been suggested
(Swann, 1964). According to Swann, the Michigan
River flowed southwestward across Michigan and
northern Indiana into a shallow sea, where detrital
sediments accumulated as a birds-foot delta projecting
southward beyond a N. 65° W.-trending shoreline.
Lateral shifts to the northwest or southeast in the
course of the Michigan River of as much as 200 miles
produced belts of sand and mud in different parts of the
region at different times. Major northeast and south-
west oscillations of the shoreline, perhaps as much as
600—1,000 miles, resulted in numerous marine
transgressions during which carbonates were deposited
in the basin and surrounding areas. The resulting high-
ly variable complex of sediments includes shallow-
marine detrital and carbonate facies, littoral detrital
facies, and continental detrital and coaly facies.
Superimposed on the system of shifting shorelines and
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positions of the river system, Swann (1963, p. 14—15)
postulated a northwest-flowing sea current or drift (pl.
11, fig. 4) which carried muds northwestward, leaving
relatively clear water in the southeastern part of the
basin where limestone accumulated. Swann (1964, p.
652—653) estimated that sea depths in which interval D
sediments were deposited were 50 to 75 feet, having a
maximum and minimum range of 30 to 100 feet.

A low dip of the paleoslope, low relief of the sea floor,
and shallow-marine environment are indicated by the
widespread distribution of tabular carbonate units
(which individually indicate similar depositional en-
vironments over very large areas), by the presence of
oolitic limestone and current-bedding features, and by
numerous shallow-water fossils. The spreading of some
sheetlike bodies of terrigenous clastics also shows
widespread and uniform shallow-marine and shoreline
environments, in contrast to environments of the inter-
val B Borden deltaic sequence which encroached into
deep water and was onlapped by deepwater carbonates
deposited along its front.

It is not clear whether a northwestern source area
(pl. 11, fig. 4; pl. 12, fig. 4) also contributed detrital sedi-
ments to the basin, but some sandstone (Yankeetown
Chert and Degonia Sandstone) is prominent in western
parts of the basin, and southeastward-dipping
crossbeds in limited areas there (Potter and others,
1958, p. 1038) suggest southeastward transport of the
sand. Different mineral associations and crossbedding
directions of basal Pennsylvanian sandstones in
western Illinois and those farther east strongly suggest
northwestern source areas in the Transcontinental
arch region (Potter and Siever, 1956, p. 329), but
petrologic studies of Mississippian sandstones are too
limited to identify different source areas. Restorations
of interval D paleogeography by Swann (1963, p. 14, fig.
4) and Potter (1962, p. 34, fig. 14) stress the dominance
of the Michigan River system in delivering sediment to
the basin.

Ozark region source areas may have contributed
small amounts of interval D detrital sediments to the
Eastern Interior basin. Shoal areas or lowlands in the
Ozark region and the Cincinnati arch area controlled
the orientation of the river system (Potter and others,
1958, p. 1038; Swann, 1963, p. 15) and limited the dis-
persal of detrital materials from the Michigan River.
The central Ozark region may have been the source for
sandstones of the Batesville Formation of southwestern
Missouri and northern Arkansas.

Eastward transportation of terrigenous clastics from
Michigan River sources across the Cumberland saddle
during middle interval D time might be indicated by the
distribution of the Big Clifty west of the saddle and its
presumed equivalent, the Hartselle Sandstone (or Big
Clifty of Vail, 1959, fig. 13) east of the saddle (pl. 9-D,

sec.a—a’;pl. 11, fig. 4). Sandstone in this unit, presuma-
bly transported southward by the Michigan River
system, is predominant along the eastern margins of
the Eastern Interior basin, whereas mudstone is pre-
dominant to the west. Crossbedding studies in west-
central Kentucky, however, indicate westward and
northwestward current directions (Potter and others,
1958, p. 1028) for sandstones in the Big Clifty. A sedi-
mentary environment map (pl. 11, fig. 4) for the period
of deposition of the Big Clifty purports to show east-
ward dispersal of sands through the Cumberland saddle
area; sands were winnowed and in part retransported
short distances westward by the dominant westerly sea
current or “drift” postulated by Swann (1963) or by
tidal currents. According to this interpretation, the Big
Clifty contains current features aligned with its deposi-
tional strike in west-central Kentucky, a possibility
recognized by Potter and others (1958, p. 1038).

Whether detrital material from Appalachian basin
source areas contributed to interval D strata in the
Eastern Interior basin has not been determined, but
some contribution is suggested in late interval D time
by lithologic similarity of the Pennington Formation of
eastern Kentucky and the Leitchfield and Buffalo
Wallow Formations of west-central Kentucky. Intervals
D and C units below these formations were deposited
across the Cumberland saddle area as shown by their
gross lithic and faunal similarities, and their thick-
nesses indicate that the saddle was a negative trend
across the Cincinnati arch. In eastern Kentucky,
sandstones in the Pennington, which thin westward
and southward, were transported southwestward along
the Appalachian basin from a northeastern source area
(Mitchum, 1954; Vail, 1959, p. 59). The northwest sea-
current drift proposed by Swann, which moved muds
discharged by the Michigan River west, explains the
mudstone in the western part of the Eastern Interior
basin but not the mudstone in the Leitchfield and
Buffalo Wallow Formations in the eastern part of the
basin. A sluiceway across the Cumberland saddle area
(Cumberland Strait), however, could provide a passage
for late interval D fine-grained sediments carried by
westward-flowing marine currents from Appalachian
sources into the Eastern Interior basin (fig. 15). Mixing
of Appalachian sediments with those from the Mich-
igan River would thus have taken place in west-central
Kentucky.

Abundant marine faunas and oolitic limestones indi-
cate subtropical or tropical conditions during interval
D. Scattered coaly beds and fairly abundant fossil plant
remains in sandstones and siltstones suggest humid
conditions. Red shales are common in many detrital
units; they may indicate the presence of deep residual
soils in source areas (Vail, 1959, p. 52).
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FIGURE 15.—Generalized sedimentary environments in eastern midcontinent region during mid-interval D (Big Clifty) time. Arrows show
directions of hypothetical sea currents.

Causes for cyclic sedimentation in the Chester are
unresolved. Swann (1964, p. 656 —-657) considered that
climatic fluctuations, primarily changes in rainfall in
the source region of the Michigan River combined with
even basin subsidence, were the chief factors. He
(Swann, 1964, p. 654) also cited sea-level changes as
possible factors in some cycles in the upper part of in-
terval D and suggested that alternation between pluvial
and interpluvial stages corresponded to fluctuations of
the margins of continental glaciers in the southern
hemisphere.

The paleogeographic maps(pl. 12, figs. 44, B, C) show
in general the major stream and shoreline positions
that existed, with local variations and oscillations,

through much of interval D time. The Michigan River
system, which had a Canadian source, was the domi-
nant transporting agent. A delta complex at its mouth
included both sheet sands and linear sand bodies, such
as channel fillings, point bars, and distributary mouth
bars. Sediment discharged by the Michigan River is
believed to have been deposited as far south as north-
western Alabama and northeastern Mississippi and in-
termittently at least as far southeast as east-central
Tennessee and northeastern Alabama. Coaly beds
formed in interdistributary swamps on the delta plain
(Swann, 1964, p. 656). Smaller river systems that
headed in hilly land in the eastern part of the Trans-
continental arch and possibly in land in the central
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Dzark region transported detritus southward into the
Hastern Interior basin and into the Arkoma basin,
respectively. Highlands east of the Appalachian basin
ontributed detrital sediments, some of which late in in-
erval D time were probably carried through the Cum-
serland Strait and intermingled with Michigan River
sediments in western Kentucky. The northern part of
he Cincinnati arch was a low-lying peninsula, or shoal
area, which contributed little sediment but which acted
1s a barrier between the Eastern Interior and Ap-
valachian basins.

Shallow seaways in which the water freely circulated
onnected the Eastern Interior basin with other basins
o the east, south, and west. Widespread emergence and
southward tilting across northern parts of the region
erminated interval D deposition and produced a low-
ying landmass in most or all of the Eastern Interior
egion.

PALEOTECTONIC IMPLICATIONS

The closely spaced reconstructed isopachs in
outheastern Missouri and southern Illinois (pl. 10, fig
) are based on the supposition that a hingeline existed
n that region, forming a rather abrupt southeast-
rending boundary between the Eastern Interior basin
nd the adjoining Ozark region. Proper reconstruction
cross Missouri depends on whether any of the
lumerous detrital units of the Eastern Interior basin
vere originally continuous with the Batesville Sand-
tone of northern Arkansas and the Batesville Forma-
ion of southwestern Missouri. The southward disap-
earance of the Batesville in northern Arkansas (E. E.
slick, oral commun., 1968) suggests a southerly
ransportation direction for its coarse components, but
vhether an Ozark source area or Eastern Interior basin
ources were prime contributors is not known. Sedi-
nentary trends used for restoring the isopachs for the
nterval suggest that areas in the Ozark region were
ources for Batesville sediments. However, if the
Jatesville was continuous with an Eastern Interior
asin interval D sandstone unit, a continuous south-
vestward-dipping paleoslope from the Eastern Interior
asin across or around the east side of the Ozark region
vould be required.

Epeirogenic uplift affected the Transcontinental
irch region and the previously stable shelves marginal
o it. The Cincinnati arch was mildly uplifted, was
renerally emergent, and was flanked by an alternately
ubmergent and emergent shelf along its eastern
nargin in eastern Kentucky. Uplift in the central and
vestern Ozark region produced a platform which may
1ave been structurally connected with the Transconti-
iental arch across northwestern Missouri and western

Iowa, although this connection is not shown on the
map. Much of Missouri and Iowa was a stable sub-
merged platform.

Mild subsidence characterized broad areas of the
basin region, and sediment thicknesses indicate that
the greatest subsidence was in the southern part of the
Eastern Interior basin. The lateral persistence of in-
dividual formations and their small thickness varia-
tions show that the basin subsidence was relatively
even. Minor differential movements occurred along the
La Salle anticlinal belt, along the folds in Illinois and
Indiana (Siever, 1951, p. 569), and along the Rough
Creek fault zone. A regional southwestward-dipping
paleoslope and a mildly negative trough across
Michigan controlled the trend of the Michigan River
system. The area of the Cumberland strait was a mildly
downwarped saddle between the Jessamine -and
Nashville domes. The saddle connected eastern and
western basins.

Similarities of interval D detrital rocks in the Black
Warrior basin of northwestern Alabama and north-
eastern Mississippi to those in the Eastern Interior
basin suggest. interbasin connections according to
Swann (1964, p. 653). In the intervening areas, across
western Tennessee, interval D rocks, if originally pres-
ent, have been removed by erosion. A mildly negative
trough across this area is shown on the interval D
palotectonic map (pl. 10, fig. 4); it is restricted on the
west by the Ozark shelf and on the east by the
Nashville dome. The reconstruction takes into account
the inferred presence of the eastern Ozark uplift as a
barrier to westward clastic dispersal, eastward thin-
ning of the interval D sequence, and the similarities be-
tween cyclically deposited rocks of the Black Warrior
basin and those of the Eastern Interior basin. The
trough is inferred to have been a locus of deposition of
detritals from the Michigan River during times of maxi-
mum outpourings. Interval D carbonate units are not
abundant in the northern part of the Black Warrior
basin, which fact may indicate a trough too deep or
waters too turbid for much carbonate deposition.

Post-interval D differential movements prior to
Pennsylvanian deposition include subsidence of the
basin in southern Illinois, southwestern Indiana, and
western Kentucky relative to three major positive
structures: the La Salle anticlinal belt, the Du Quoin
monocline, and the east flank of the Ozark uplift (fig.
10) (Wanless, 1955, p. 1769—1772), Restored isopachs
of interval D rocks, although less reliable than isopachs
of the Lower Pennsylvanian, may suggest that those
structures, except for the Du Quoin monocline, were
also active during interval D deposition (pl. 10, fig. 4).
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TOTAL THICKNESS OF
MISSISSIPPIAN ROCKS

THICKNESS TRENDS
AND PALEOTECTONIC IMPLICATIONS

Factors affecting the total thickness of the Mississip-
pian System include post-Mississippian erosion, varia-
tions in Mississippian sediment distribution, and
Mississippian tectonic movements. Erosional effects in-
clude regional beveling and channel cutting after
deposition of interval D but prior to deposition of Penn-
sylvanian strata, and post-Pennsylvanian, Mesozoic
and Cenozoic erosion which has stripped Mississippian
rocks from the Pascola arch (fig. 10) and other major
positive elements. Thickness variations of Mississip-
pian deltaic deposits in parts of the region, shifts in loci
of detrital deposition, and filling of troughs peripheral
to deltaic platforms by carbonate and detrital sedi-
ments appear to be less important than erosion in
determining present thicknesses.

Total thicknesses of preserved Mississippian rocks
(pl. 7) indicate some features which are also shown on
the interval isopach maps: the general outline and
depocenters of the Eastern Interior basin; areas of
thicker sedimentary rocks at the sites of the Fairfield
basin and Moorman syncline; areas of thin Mississip-
pian rocks along the La Salle anticlinal belt; thin or ab-
sent Mississippian rocks on large positive elements,
such as the Cincinnati and Kankakee arches and the
Ozark uplift; and deposits of uniform thickness on a
shelf area lying between the Cincinnati arch and the
Appalachian basin to the east and on platform or shelf
areas and margins of outlying basins in Missouri.

From their erosional edges along the Wisconsin,
Kankakee, and Cincinnati arches, Mississippian rocks
thicken to maximums of about 3,300 feet in the
southern part of the Fairfield basin and about 2,800
feet in the Moorman syncline. Isopachs indicate an
elongate northwest trend for the Eastern Interior
basin. The fairly regular basinward thickening is
locally interrupted by irregularities and crowding of
isopachs along the La Salle anticlinal belt, the result
both of depositional thinning or absence of some
Mississippian units and of pre-Pennsylvanian and
Pennsylvanian erosion. Mississippian rocks locally are
thin or absent along the fault zones in southern Illinois,
western Kentucky, and Missouri. Although mostly the
result of post-Pennsylvanian erosion, some of this thin-
ness or absence is due to internal thinning within the
‘Mississippian rocks. The consistent offset and bending
of the isopachs along the Rough Creek fault zone in
western Kentucky suggest tectonic instability during
Mississippian time. Although the Rough Creek and
other fault zones are shown as post-Mississippian on
the interval thickness maps (pls. 3-A, 4-A, 5-A, 6-A),
movement may have occurred along them during the

Early Mississippian, and quite likely during interval I
time. Irregular thickness patterns and absence o
Mississippian rocks along anticlinal or domal struc
tures, such as the Lincoln anticline and Hicks dome, ar
largely the result of post-Mississippian erosion. South
westward-thickening sequences in the Illinois basi
toward the Ozark uplift and Pascola arch have bee:
abruptly truncated near those positive features by pre
Late Cretaceous and more recent erosion. Mississippia:
interval D rocks are not preserved in west-central Ten
nessee and adjoining southern Kentucky, and apparen
thinning toward these areas is at least partly the resul
of post-Mississippian erosion.

East of the Cincinnati arch, Mississippian rocks ir
eastern Kentucky generally thicken southeastwar
toward the Appalachian basin, but the region covere:
by this chapter includes only marginal areas of tha
basin, and thicknesses generally are no more tha:
about 700 feet. Rocks having somewhat greate
thicknesses (as much as 900 feet) are present in th
Cumberland saddle area — an area of subsidence dur
ing parts of middle and Late Mississippian time — and
locally, in northeastern Kentucky where greate
thicknesses are due to relatively thick Lower Mississip
pian detrital rocks. Except for southeastern Kentucky
pre-Pennsylvanian erosion has removed differin;
amounts of Mississippian rocks in the eastern part o
the State.

Relatively thin Mississippian rocks, generally les
than 500 feet, characterize Missouri. Northwest trend
of isopachs in northern Missouri in part reflect thick
ness trends within the lower part of Mississippian se
quence. Rocks of interval D and the upper part of inter
val C are absent in most of Missouri because of Penn
sylvanian to Holocene erosion and, in part, probabl;
because of nondeposition. The apparent thinning ontx
the Ozark uplift is largely the result of erosion, but i
also may indicate original depositional thinning of th
Mississippian sequence toward this positive element.

GEOLOGIC UNITS DIRECTLY ABOVE
MISSISSIPPIAN SYSTEM

UNITS OVERLYING MISSISSIPPIAN

Detrital rocks of Pennsylvanian or Cretaceous ag
unconformably overlie rocks of all Mississippian inter
vals in parts of the Eastern Interior basin. (See pl. 8.
Pleistocene deposits of glacial origin or association, no
shown on plate 8, overlie Mississippian strata in part
of Indiana, Illinois, and northern Missouri.

Pennsylvanian rocks directly overlying Mississip
pian rocks are of Morrow, Atoka, Des Moines, anc
locally, Missouri ages. Basal Pennsylvanian strata ap
pear to be largely nonmarine and include sandstone
conglomerate, mudstone, and clay. Morrow strata ar
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represented in the Lee Formation in eastern Kentucky
(pl. 15), the Caseyville Formation in western Kentucky
and southern and southeastern Illinois, the Mansfield
Formation in southern and western Indiana, and iso-
lated outliers of the Hale Formation in southwestern
Missouri. Atoka rocks include most of the Abbott For-
mation in Illinois, the Brazil Formation in Indiana, the
Cheltenham Formation in central and eastern Missouri,
the McLouth and Riverton Formations in northwestern
Missouri, and sink-fillings of Burgner Formation rocks
in southwestern Missouri. Des Moines strata overlying
Mississippian rocks are represented by the Spoon For-
mation in Illinois and the Krebs and Cabaniss
Subgroups of the Cherokee Group in Missouri. Channel-
fill sandstone in the Pleasanton Group of Missouri age
locally overlies Mississippian rocks in northeastern
Missouri. Atoka and Des Moines strata are more
widespread than Morrow rocks; in Illinois, the Abbott
generally overlaps the Caseyville northward and in
turn is overlapped by the Spoon Formation on some an-
ticlinal structures (Kosanke and others, 1960, p. 30). In
Missouri, the Cherokee Group is widely distributed and
appears to overlap the McLouth and Cheltenham For-
mations.

A major erosional hiatus between Mississippian and
Pennsylvanian deposition is well documented in much
of the region and is marked by progressively deeper
beveling of pre-Pennsylvanian strata toward the north-
ern, eastern, and northwestern margins of the Eastern
Interior basin. As much as 1,500 feet of Mississippian
strata are estimated to have been removed in northern
Illinois and Indiana. In many areas, channels cut into
Mississippian rocks on the basal Pennsylvanian ero-
sional surface produced local relief of 100—300 feet
commonly and in parts of southeastern Illinois, as
much as 450 feet (Siever, 1951, p. 561—-562).

Studies of morphology, internal features, and
petrology of Pennsylvanian channel sandstones
(Siever, 1951; Wanless, 1955; Potter and Siever, 1956;
Siever and Potter, 1956; Potter and Glass, 1958; Potter,
1963; Potter and Desborough, 1965) indicate that
several integrated channel systems are incised into
Mississippian rocks. In channel systems, the sediment
transport was generally southwest to west in western
Kentucky, Indiana, and southern and eastern Illinois.
In western and west-central Illinois, transport direc-
tions appear to have been southeast (Potter and Siever,
1956, p. 242). Major source areas were the southeastern
Canadian Shield, highlands east of the northern and
middle Appalachian area, and the south flank of the
Transcontinental arch (Potter and Siever, 1956, p. 243).
Dominant flow patterns down a southwest-dipping
paleoslope are similar to those shown by interval D
sandstones.

In the eastern Kentucky outcrop belt, basal Penn-
sylvanian sandstone, conglomerate, mudstone, and clay

of the Lee and Breathitt Formations overlie rocks of
Mississippian intervals D, C, and B. Beveling and (or)
channel cutting mark an unconformity below Penn-
sylvanian rocks along the margin of the Cincinnati
arch. In south-central Kentucky, Pennsylvanian rocks
rest on interval D strata; in northeastern Kentucky, in-
tervals D and C rocks are thin or locally absent, and in
parts of the area basal Pennsylvanian sandstones lie on
interval B beds. Local absence of intervals D and C
rocks in northeastern Kentucky, however, probably in-
dicate intra-Mississippian erosion. In extreme
southeastern Kentucky, the Pennington Formation
(upper interval D) is laterally gradational and inter-
tongues with the Lee Formation, which in its basal part
is of Late Mississippian age (Englund, 1964). Ap-
parently, marked pre-Pennsylvanian erosion may have
been restricted in eastern Kentucky to areas along the
Cincinnati arch, and erosional effects died out
southeastward in the subsurface.

In much of northern and western Missouri, Atoka
and Des Moines rocks overlie strata of Mississippian in-
tervals B and C. Clay and other detrital rocks of the
Cheltenham Formation, part of which may represent
the residuum of preexisting rocks, overlie rocks as old
as Ordovician in parts of the Ozark region. The dis-
tribution of the McLouth Formation and the Krebs and
Cabaniss Subgroups of the Cherokee Group suggest suc-
cessive eastward overlap of these units across the
Forest City basin toward the Mississippi Valley. The ab-
sence of Mississippian interval D rocks in these areas
probably is partly the result of pre-Atokan—post-
Mississippian erosion. Interval D rocks, absent in east-
central and the adjoining northern part of southeastern
Missouri, probably were also removed prior to deposi-
tion of the Cheltenham Formation and Cabaniss
Subgroup.

Detrital rocks of the Tuscaloosa and McNairy For-
mations of Late Cretaceous (Gulfian) age lie on an ero-
sional surface which truncated Mississippian and older
rocks in the Mississippi embayment area of southern Il-
linois, westernmost Kentucky, and western Tennessee
(pl. 15). More than 3,000 feet of Mississippian strata
was removed by pre-Cretaceous erosion in southern Il-
linois. Commonly, a well-defined weathered zone separ-
ates these Cretaceous beds from Mississippian and
older rocks. In western Illinois, the Baylis Formation
(Upper Cretaceous) overlies Mississippian and Penn-
sylvanian strata in a small area.

PALEOTECTONIC IMPLICATIONS

The distribution, contact relationships, and age of
basal Pennsylvanian units in the region indicates
emergence or near-emergence of most or all of the
region after deposition of interval D sediments and
before deposition of Pennsylvanian strata. Crustal in-
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stability is indicated by unconformable relationships of
basal Pennsylvanian rocks to beveled edges of older
units along the margins of positive elements, by Penn-
sylvanian overlap relationships, by channel cutting in
many areas, and by truncation of older units and thin-
ning of Pennsylvanian strata on anticlina] structures.

Maximum relative uplift in the region at the close of
Mississippian time was along the northern margins of
the Eastern Interior basin and indicates widespread
emergence there and southward tilting of the basin.
Differential movements shown by variations in thick-
ness of the basal Pennsylvanian units (Wanless, 1955,
p. 1769—1772) include downwarp of the basin in
southern Illinois and adjacent Indiana and Kentucky
and growth of three positive structures, the La Salle an-
ticlinal belt, the Du Quoin monocline, and the east
flank of the Ozark uplift (fig. 11). Reconstructed thick-
ness of Mississippian interval D rocks suggests that
these structures, except for the Du Quoin monocline,
also were active during interval D and earlier times.
Detailed evidence for Mississippian movement along
some of these trends has been cited (Whiting, 1959, p.
13 -19; Brownfield, 1954, p. 20 -23).

Channels filled by sandstone of Pennsylvanian age
were incised in interval D rocks in southern Indiana
and in intervals C and D strata in west-central Ken-
tucky and along the outcrop belt in eastern Kentucky.
If the channels represent subaerial erosion, the Cincin-
nati arch was emergent during the Mississippian-Penn-
sylvanian erosional episode.

Growth of the Pascola arch as a major positive
feature between Mississippian and Late Cretaceous
times is indicated by the pre-Cretaceous erosional edge
in the Mississippi embayment area. Thickness patterns
of Mississippian intervals B, C, and D show evidence of
an actively subsiding trough in the embayment area
which extended north into the Fairfield basin of Illinois,
but subsequent uplift and erosion has destroyed evi-
dence of its former southern extent. Fault systems in II-
linois and western Kentucky appear to have moved
mostly after Pennsylvanian time; data supporting
Pennsylvanian movements seem to be lacking. Some of
these faults, however, such as the Rough Creek fault
zone in western Kentucky, probably were active during
the Mississippian Period.

West of the Eastern Interior basin, maximum growth
of the Lincoln anticline probably took place during the
interval between the end of Mississippian and begin-
ning of Pennsylvanian deposition (McQueen and
others, 1941; Koenig, 1961, p. 76). In northern and
western Missouri, the pattern of sub-Pennsylvanian
units (Mississippian intervals B and C) suggests a
system of northwest-striking and northwest-plunging
folds which have been beveled to progressively deeper
horizons toward the Ozark uplift. The Ozark uplift was

an emergent positive element prior to Pennsylvanian
deposition.

CONCLUSIONS AND SPECULATIONS
TECTONIC CONTROLS

Northeast- and northwest-trending structures con-
stitute the present dominant structural grain in the
region (fig. 11). Several less persistent linear trends, in-
cluding anticlinal belts and fault zones, lie at angles to
the major elements. Structural relief largely reflects
post-Mississippian movements, but in a subdued to
marked manner the major structures are also reflected
in patterns of Late Devonian and Mississippian sedi-
mentation.

The Michigan basin, Fairfield basin, and Mississippi
embayment are negative bedrock elements which,
when alined, are subparallel to the Appalachian Moun-
tains front. During Late Devonian and much of
Mississippian time a similar spatial relationship ex-
isted, and northeast-trending negative features in the
eastern interior region paralleled the Appalachian
basin. A southwest-trending trough provided intercon-
nections between the Michigan and Eastern Interior
basins during intervals B and D times and extended
into the area of the present Mississippi Embayment.
Sedimentary thicknesses and inferred deepwater en-
vironments indicate that subsidence along this trend
far exceeded relative uplift on flanks of the trough. A
subparallel linear trend involving the Forest City basin
and a small basin in central Iowa also may have existed
during Mississippian time.

Positive elements, such as the Cincinnati arch and
the Ozark uplift, apparently were relatively passive ele-
ments among the actively subsiding troughs.
Amplitudes of major troughs, as determined from
thicknesses of strata, decrease westward, which fact
suggests formation of troughs by westward-directed
tangential stresses. In such a stress field, however,
amplitudes of arches should be comparable to those of
troughs. Another explanation is that tensile or vertical-
couple stresses, perhaps the result of transfer of
subcrustal material, resulted in grabenlike or down-
drawn troughs.

Some Mississippian depositional patterns appear to
be offset along some supposedly subordinate linear
features which crosscut or lie at angles to the dominant
structural grain of the region. These features include
the Cap au Gres fault and associated Lincoln-Dupo an-
ticline trend, the Rough Creek fault zone, and the La
Salle anticlinal belt, all which may have been active
during Late Devonian and Mississippian time.
Although displacements along the fault trends seem to
have been largely vertical, left-lateral movements are
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also suggested by the apparent displacement of the Lin-
coln and Dupo anticlines along the Cap au Gres fault
(Cole, 1961), and by the apparent displacement of the
Fairfield basin and Moorman syncline on opposite sides
of the Rough Creek fault zone (fig. 10). Southern limits
of the Louisiana Limestone (Upper Devonian) lie along
the trend of the Cap au Gres fault, and the lithofacies
pattern of interval A (pl. 3-B) also seems to be in-
fluenced by this trend. Isopach trends of the total
Mississippian System (pl. 7) and interval D (pl. 6-A)
seem to be offset by the Rough Creek fault zone. Lateral
fault movements may have been more important than
generally recognized in the Paleozoic structural frame-
work of the region.

Upper Devonian, Mississippian interval A (pl. 3-A),
and interval B (pl. 4-A) rocks thicken irregularly along
and east of the present La Salle anticlinal belt trend in
eastern Illinois, Indiana, and west-central Kentucky.
The irregularities indicate structural instability along
the La Salle trend, which appears to be a southeastern
continuation of the Wisconsin arch. Structural in-
stability in northwest-trending zones marginal to or
within the Ozark region is also suggested by develop-
ment of the Upper Devonian Wittenberg trough (fig.
13) and distribution of the Sulphur Springs Formation
south of the Cap au Gres fault (fig. 10).

SEDIMENTATION AND SUBSIDENCE

Sedimentary features in most Mississippian rocks in
this region seem to indicate neritic environments; some
features suggest very shallow to shallow neritic (0—120
feet) and deep neritic (120—600 feet) divisions, similar
to the infraneritic and epineritic classification of Scott
(1940).

Features which suggest relative water depths for
Mississippian marine deposits in the region are:

1. Inclination and extent of interval B (Borden Forma-
tion) deltaic foreset slope beds, which indicate
shallow to deep neritic environment;

2. Lithology, morphology, internal features, and biota
of limestone beds in intevals B, C, and D strata
(Salem, Ste. Genevieve, and Burlington
Limestones), such as crossbedded oolitic and fossil-
fragmental units, which indicate high current or
wave energy and indigenous life forms of a very
shallow neritic environment;

3. Dark, fine-grained aspect of carbonate and siliceous
rocks in intervals B and C (Fort Payne Formation,
Salem and St. Louis Limestones in southern parts
of Eastern Interior basin), which suggests low
energy and reducing conditions, probably indicat-
ing a fairly deep-neritic environment;

4. Presence of the evaporite facies in interval C, which,
considering their distribution relative to the tec-

tonic elements, are indicative of very shallow
marine waters;

5. Shallow sandstone-filled channels, crossbedding,
and marine invertebrate fauna of many interval D
sandstone units, which denote very shallow neritic
to littoral environments;

6. Abundant phosphatic constituents in interval A
(Maury Formation), which are interpreted to indi-
cate moderately deep neritic environment.

In addition, interval D coaly units, possibly associ-
ated red beds, and sandstone with fossil tree trunks in
growth position are all interpreted to have been
deposited in supratidal or continental environments at
altitudes close to sea level.

Thickness of strata deposited, coupled with esti-
mated depth of water, gives an approximation of the
relative degree of subsidence to sediment accumulation
during Late Devonian and most of Mississippian time.
Maximum subsidence occurred in the southern part of
the Eastern Interior basin, in southern Illinois and
western Kentucky. At times, as in the Late Devonian,
filling generally kept pace with subsidence. By interval
A time, subsidence had almost ceased in the basinal
area, and a fairly even thickness of interval A sediment
accumulated under water on a topography of little
relief. Temporary stability in the Eastern Interior basin
and gradual southward deepening of water are inferred
from the thickness and abundance of phosphatic con-
stituents in the Maury Formation. A deep trough across
central and southern Illinois developed during early in-
terval B time and connected with the Michigan basin; a
widespread stable shelf characterized by very shallow
water existed to the west (Burlington time). Initial sub-
sidence of the trough far exceeded sedimentation rates
in Illinois; but in mid-interval B time, sedimentation
rates increased, and the trough was partially filled by
deltaic deposits of the Borden. Marginal to the delta, a
deep neritic environment receiving very little sediment
persisted in the southern part of the trough and adja-
cent areas to the south and east. Subsidence of the
trough lessened in late interval B through mid-interval
C time and deepwater prodelta areas were slowly filled
by siliceous and carbonate rocks. Dark-hued fine-
grained thick sediments (Salem and early St Louis
times) deposited during early and mid-interval C time
possibly reflect moderate to deep neritic depth and indi-
cate that slow differential downsinking of the southern
part of the trough continued into late interval C, at a
time when detrital supply was low. A close balance be-
tween sedimentation and subsidence over large areas of
the Eastern Interior basin in late interval C time and in
interval D time is demonstrated by the even
thicknesses of individual units (upper St. Louis, Ste.
Genevieve, and Chester strata), all deposited in very
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shallow neritic to continental environments. Large
volumes of interval D detrital rocks were shed intermit-
tently into the region, but no other evidence is available
to indicate upwarping in the source regions. Possibly,
source areas for interval D detrital rocks were so dis-
tant that movements in those areas were not related to
movements in the Eastern Interior basin. Another
possibility is that the cyclic units represent alternating
wet and dry climates in the source area, as proposed by
Swann (1964).
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