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GEOLOGY OF THE DOVER AREA,
STEWART COUNTY, TENNESSEE
By
MELVIN V. MARCHER *

ABSTRACT

The Dover area includes about 300 square miles in Stewart County in the
northwestern corner of the Highland Rim Plateau. Most of the area consists
of heavily forested and thoroughly dissected hills. Formations that crop out
within the area range in age from Devonian to Quaternary, but only rocks
of Mississippian age were studied in detail.

The formations of Devonian age are Camden Chert, Pegram Limestone,
and Chattanooga Shale. Qutcrops of the Camden Chert and Pegram Limestone
are limited to a small anticlinal fold in the southwestern part of the area.
Chattanooga Shale is exposed on the crest and flanks of the anticline and on
the upthrown side of the Piney Creek fault about 3 miles northeast of the
anticline.

Formations of Mississippian age are the Maury Formation, New Providence
Shale, Fort Payne Chert, and Warsaw, St. Louis, and Ste. Genevieve Lime-
stones. The Maury Formation, which is exposed only near the east end of Scott
Fitzhugh Bridge, consists of about 10 inches of mudstone containing abundant
rounded phosphatic nodules. The New Providence Shale is a gray or greenish
calcareous shale or mudstone as much as 69 feet thick. Outerops of the New
Providence are limited to the vicinity of the small anticline in the southwestern
part of the area. The Fort Payne Chert is widely exposed in the western
part of the area, where bluffs along Kentucky Lake provide sections as much
as 150 feet thick. The thickness of the Fort Payne ranges from about 240 feet
to possibly as much as 500 feet in the northern part of the area. The Fort
Payne consists of bedded chert intercalated with highly siliceous and silty
limestone or very rough platy and granular chert in a siliceous and silty
limestone matrix. Locally the formation contains beds of cherty fossil-frag-
mental calcarenite. The Warsaw Limestone, which is at least 200 feet thick
" in the central part of the area, is a light-colored, medium- to coarse-grained,
massive, fossil-fragmental calcarenite. Crossbedding commonly is well devel -
oped, particularly in the more massive beds. Minor rock types in the Warsaw
are silty dolomitic limestone and coquinite. The St. Louis Limestone is similar
to the Warsaw but is generally finer grained, darker colored, more argillaceous,
and contains much more chert. Foraminiferal limestone and shaly limestone
are prominent locally. The St. Louis is at least 250 feet thick in the north-
eastern part of the area. Only three isolated outcrops of Ste. Genevieve
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Limestone are known in the Dover area, and in each of these the rock is an
oolite which contains irregular patches of medium- to coarse-grained cal-
carenite.

Rocks of Cretaceous age, which include the Tuscaloosa Gravel and the
Coffee Sand, are limited largely to the northwestern part of the area, where
they cap most of the higher ridges. The Tuscaloosa is as much as 30 feet
thick and consists of unsorted chert gravel 1 inch to 8 inches in diameter in a
sandy clay matrix. The Coffee is about 20 feet thick and is medium to coarse
reddish sand which contains small blobs and stringers of white kaolinitic clay.

The Tertiary System is represented by a single formation, the Lafayette
Gravel (of former usage), which consists of well-rounded, iron-stained parti-
cles of chert and quartz about 1 inch in diameter in a clayey sand matrix. The
maximum thickness of the gravel is about 25 feet.

Alluvium of Quaternary age probably is as much as 75 feet thick along
the Cumberland River, where it consists of unsorted gravel, sand, silt, and clay.

The Dover area lies on the southwest flank of the Tennessee lobe of the
Illinois basin. Regional dip is northeast in the scuthern part of the area but
progressively changes to east in the northwestern part. The central part of
the area is traversed by a broad east-west trending syncline. Another syncline
of lesser magnitude, also trending east-west, occupies the north-central part of
the area. Most of the minor folds within the area appear to be closely related
to faults. With the exception of the Hayes Fork Creek fault, which strikes
about N. 70°W., the faults in the Dover area trend northeast. All faults are
normal and most are downthrown on the north side. Displacements along
the faults range from 100 to probably as much as 850 feet.



INTRODUCTION

Purpose and Scope of the Investigation

Most of the Western Highland Rim is underlain by dominantly
calcareous rocks of Mississippian age, whose stratigraphy and
structure play a major role in the occurrence and movement of
ground water and the location of other mineral resources of the
area. An effective appraisal of mineral deposits and ground-water
conditions and the identification of areas suitable for development
of these resources can be accomplished only through comprehensive
geologic studies. In order to provide the basic geologic knowledge
essential to such investigations, the Dover area, because of its’
more complete and well-exposed sequence of Mississippian rocks,
was selected for detfailed stratigraphic study as the first step in
an appraisal of the water and mineral resources of the entire High-
land Rim province in Tennessee. Although general information on
‘the water and mineral resources of the area was collected during
the course of field work, that information is not included in this
report. ‘ :

The objective of this study was principally to clarify the details
of Mississippian stratigraphy in the northwestern part of the High-
land Rim. Detailed geologic mapping was done only in parts of
the area where bedrock exposures offered adequate control. This
limited scope therefore precluded the overall detailed study re-
quired for precise geologic mapping in areas that are blanketed by
residuum or where formation outcrops are sparse in dense forests.
_ Under such conditions geologic contacts and structural features are
shown on the basis of known formation thicknesses and strati-
graphic and structural relationships in surrounding areas. The
~ geologic map is considered to be sufficiently accurate for general

' purposes, however.

This investigation was made by the U. S. Geological Survey as a
part of the program of geologic studies in cooperation with the
Tennessee Division of Geology. Field work was done intermittently
between 1956 and 1960 as a part of the overall geologic and hydro-
logic studies of the Highland Rim in cooperation with the Ten-
nessee Division of Geology and Tennessee Division of Water
Resources.
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Location and General Features of the Area

The Dover area, as deseribed in this report, includes about 300
square miles in the western two-thirds of Stewart County in north-
central Tennessee (fig. 1). It extends from latitude 36°22/30”S. to
the Tennessee-Kentucky boundary on the north and from longitude
87°45'W. to Kentucky Lake (Tennessee River) on the west. The
area includes all the Tharpe, Bumpus Mills, Standing Rock, and
Dover 7l4-minute quadrangles and parts of the Rushing Creek,
Model, Johnson Hollow, Hamlin, and Paris Landing 7%4-minute
quadrangles (fig. 1).

The town of Dover (population 736 in 1960) is on the south
bank of the Cumberland River, in the east-central part of this
sparsely settled and densely forested area. It is the business center
and seat of government for Stewart County; access to surrounding
regions is via U. S. Highway 79 and State Highway 49 (fig. 1).

The Dover area is in the northwestern corner of the Highland
Rim Plateau, where the local relief is as much as 250 feet and the
maximum relief is slightly more than 450 feet. Tennessee Ridge
(pl. 1), a continucus highland which crosses the area from north-
west to southeast, forms the drainage divide between the Cumber-
land and Tennessee Rivers. Other narrow and sinuous ridges divide
the area into a number of lesser drainage basins. The summits of
these ridges generally are accordant and are remnants of the
Highland Rim plain. The valley of the Cumberland River, trenched
about 250 feet below the general level of the upland, trends north-
westerly across the area.

Previous Investigations

The first significant study of rocks of Mississippian age in the
Western Highland Rim was made by J. M. Safford in 1851. De-
tailed information on these rocks is given by Safford in his “Geol-
ogy of Tennessee” (1869). From 1869 little work was done until
" the Columbia quadrangle, covering the east-central part of the
Western Highland Rim, was studied by Hayes and Ulrich (1903).
The geology of Wayne County and parts of adjacent counties in
the southwestern part of the Rim was described by Drake (1914)
and in more detail by Miser (1921). In 1914 the geology of Perry
County and vicinity, in the west-central part of the Rim, was re-
ported on by Wade. Jewell (1931) described the geology of Hardin
County in the extreme southwestern corner of the Rim. Bassler’s
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2% 75 Alluyium Unsorted gravel, sand, silt, and clay.
==
=1
E> 25 Lafayette Gravel Chert and quartz gravel, well rounded, iron-stained, crossbeddes,
EE (of former usage) in an iron-stained sand matrix.
200 Coffee Quartz sand, reddish, fine to medium, locally crossbedded,
- Sand contains stringers of kaolinitic clay,
g2
&S Tuscalogsa
© 30 Gravel Chert gravel, well rounded, unsorted, in a clayey sand matrix,
v Ste, Genevieve f : " . -
? Limestons Limestone, yellowish-gray, medium-grained, oolitic.
2505 St. Louis Limestane, pale- to_‘dusky yetlowish-brown, ﬁ?:c-a]tlg-
# 2 3
Yl O Limestone crossbedded and cherty.
2]
- Warsaw Limestone, yellowish-gr%y, medium- to very coarse-
20+ Limestone grained, fossil fragmental, massive, crossbedded, locally cherty.
(7 [ = 7]
=
=<
o
&
@
2]
@
<]
=
Bedded chert, brownish-black to dusky-brown, layers
Fort Payne 6 to 10 inches thick, interbedded with highly siliceous,
45 Chert silty and shaly limestone; grades laterally into very
rough and irregular platy or granutar chert in an olive-
gray siity, siliceous limestone matrix.
e R
3
69" New Providence Clay shale, greenish-gray, sparsely glauconitic; phosphatic
Shale nodules and beds of crinoidal limestone are present iccally.
;—o ST 1" Maury Formation Mudstone, light olive-gray, abundant phosphatic nodules.
=5
14 Chattanooga Shale Shale, brownish-black, fissite, carbonaceous.
=
= .
H 5 Pegram Limestone Limestone, gray, fine- to coarse-grained arenaceous, silty.
= .
% Camden Chert Limestone, bluish-gray, fine- to medium-grained, argillaceous, cherty,

FIGURE 2. Composite geologic column

of rocks cropping out in the Dover

area.




study of the Central Basin in Tennessee (1932) included informa-
tion on Mississippian rocks of the Highland Rim Plateau. General
information was given by Burchard (1934) in a report on the iron
ores of the region and by Piper (1932) and Theis (1936) in reports
on the ground-water resources of central Tennessee.
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STRATIGRAPHY

Sedimentary rocks that erop out in the Dover area range in age
from Devonian to Quaternary (fig. 2), but only rocks of Missis-
sippian age were studied in detail. Considerable attention was
given to the Tuscaloosa Gravel of Cretaceous age because of its
importance in interpreting the geologic and physiographic history
of the area.

Except for the New Providence Shale, each Mississippian for-
mation in the Western Highland Rim contains distinetive and
. characteristic varieties of chert. Residual chert fragments left upon
weathering of the enclosing limestone provide a basis for mapping
. contacts in areas where bedrock exposures are scarce or non-
existent. Some intermediate varieties of chert are difficult to iden-
tify with certainty, and mixing of chert types is common near
-formational boundaries. Slumping of the residuum also adds to the
difficulty of mapping, but in most parts of the area residuum con-
tacts can be corroborated by seattered bedrock outcrops.

In the area between Kentucky Lake and the Tennessee-Cumber-
land divide the map can be considered only a reasoned approxima-
tion. In this area, where outcrops are present only along the shore
of the lake, deep weathering, slumping, and mixing of the residuum
have obscured the geologic features.

7



IN FEET

THICKNESS

IN FEET

THICKNESS

70 4

60

504

40+

o
o
1

n
[e]
L

~—
HOUSTON CO.

KENTUCKY

______\___.__

(o]0}

MONTGOMERY

10

[ — o — o — e — s’

Fort Payne Chert

] Shale, gray-green, giauconitic.

/iimestone, gray. nodular, shaly,
= fossilifesous.

Shale, dark gray-green.

Maury Formation

A—TVA core hofe near mouth of
Leatherwond Creek.

Fort Payne Chert

* Fort Payne Chert

Fort Payne Cherst

Siltstone, white, chalky,
shghtly calcareous,

Shale. medium-gray
slightly calcareous

-;——‘_‘ Shale. greenish-gray, ilau_conilic
Fa e at top: zones of phosphatic

nodules: thin bed nodular
cringidal limestone at base.

Shale, gray-green. glauconitic,
slightly calcareous.

Limestone, medum-gray,
nodutar, argillaceous.

Shale, dark-gray, slightly
calcareous; phosphatic
nodules at base.

Maury Formation

B—Surface section at east end Scott
Fitzhugh Bridge.

Fort Payne Chert

=

— T

e — Shale, dark-gray, call

{— :

Pl

o

r—

[ shale, dark reddishbrown ta
—  grayish-green. calcarecus.

s

1

T
|

Limestone. light-gray to grayish-
red, fine- to medium-grained,

7

shaly.

Shale, brownish-gray. caicareous.

Shale, medium- to dark-gray.
glauconitic.,

= Limestone. light olive-gray,
- fine-grained, shaly.

Maury Formation

C—TVA core hole near mouth of Shanno
Creek. Calloway Co., Kentucky.

Fort Payne Chert

Limestone, light ofive-gray
— to light brownish-gray,
- fine-grained, sity. shaly.

Maury Formation

DBPage No. 1D oil test.

Maury Formation

E—Lewis No. 1 oif test.

Maury Formation

F—Waltace No. 1 oil test,

FIGURE 3. Representative sections of the New Providence Shale.




Devonian System

Rocks of Devonian age are exposed only along Kentucky Lake
in the vicinity of Seott Fitzhugh Bridge (pl. 1), where they have
been brought to the surface by upward folding of the rocks. The
Camden Chert and the overlying Pegram Limestone here have been
measured and described by Wilson (1949, p. 310-311, fig. 89). The
Pegram Limestone is overlain by Chattanocoga Shale. The Gassaway
Member (Hass, 1956, p. 20) appears to be the only unit of the
Chattanooga Shale in the area.

Mississippian System
MAURY FORMATION

Definttion.—Originally, the beds between the Chattanooga Shale
and the Tullahoma Formation of Safford and Killebrew were called
the Maury green shale (Safford and Killebrew, 1900, p. 104). These
beds, now referred to as the Maury Formation (Hass, 1956, p. 23),
include the strata overlying the Chattanooga Shale and underlying
the New Providence Shale, or the Fort Payne Chert if the New
Providence is absent. "

Distribution and thickness.—The Maury Formation is known to
crop out only on the south side of U. S. Highway 79 at the east end
of Scott Fitzhugh Bridge, where it is about 10 inches thick. It
may be present but covered on the crest and south flank of the
anticline just south of Scott Fitzhugh Bridge and along the fault
that cuts across South Fork Piney Creek (pl. 1). A core taken by
the Tennessee Valley Authority from near the mouth of Shannon
Creek, just west of Kentucky Lake in Calloway County, Kentucky
(fig. 83), has a layer of phosphatic nodules at the base of the New
Providence Shale which may represent the Maury Formation. Else-
where within the area the formation may be in the subsurface, but
is not recognizable in well cuttings because of its thinness and
‘similarity to the overlying New Providence Shale.

Lithology.—At the east end of Scott Fitzhugh Bridge the Maury
Formation is a light olive-gray to yellow-gray mudstone which
contains many phosphatic nodules. Most of the nodules are some-
what flattened and have a maximum diameter of 3 or 4 inches.
The weathered surface of the nodules, which are rather hard and
tough, is usually yellowish-gray but the interior is much darker.
Some nodules contain a few small cubes and irregular grains of
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pyrite. The rock is fairly well indurated and no bedding is dis-
cernible. '

. Stratigraphic relationships.—The c¢ontact of the Maury with the
underlying Chattanooga Shale is sharp and probably represents an
unconformity. At Scott Fitzhugh Bridge the basal bed of the
overlying New Providence is limestone and the contact is distinct.
Elsewhere in the Rim, where the limestone is higher in the section
or is missing, the Maury Formation grades upward into the New
Providence Shale and the two units appear to be conformable.

NEW PROVIDENCE SHALE

Definition.—The rocks between the Maury Formation and the
St. Louis Limestone originally were included in the Tullahoma
Formation of Safford and Killebrew (1900, p. 104). Bassler (1912,
p. 212) discarded Tullahoma in favor of Fort Payne, the lower
part of which he subdivided into the New Providence and Ridge-
top Shales. Faunal and stratigraphic studies by Wilson and Spain
(1936, p. 805-809), however, showed the Ridgetop to be a phase of
the New Providence.

Distribution and thickness—The New Providence Shale is in
the subsurface throughout most, if not all, of Stewart County,
but it crops out only along the flanks of the anticline south of Scott
Fitzhugh Bridge and at the mouth of Mint Spring Hollow. On the
north flank of the anticline the formation is 23 feet thick, but
toward the north it thickens gradually and in a corehole drilled by
the Tennessee Valley Authority near the mouth of Shannon Creek,
just west of the map area, it is 69 feet thick (fig. 3). Because of
its restricted area of outecrop and thinness, the New Providence is
not shown separately on the geologic map but is included with the
Fort Payne Chert.

Lithology.—At the outcrop around the edges of the Tennessee
lobe of the Illinois basin, the Niew Providence is medium-gray to
gray-green, calcareous clay shale, but farther out in the basin it is
dark-gray silty shale or mudstone (fig. 3). Glauconite is scattered
through the formation. A layer of nodules similar to those in the
Maury Formation is near the top of the formation near Scott
Fitzhugh Bridge. Cuttings from several oil test holes in the north-
central part of the area show a layer of light olive-gray to medium-
gray, fine-grained silty to shaly limestone, ranging from 5 to 20
feet in thickness, at or near the base of the formation (fig. 3). Near
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Scott Fitzhugh Bridge this limestone is nodular, pale reddish-brown,
highly silty, and contains an abundance of crinoid fragments.

Stratigraphic relationships—The New Providence Shale gen-
erally is conformably underlain by the Maury Formation.

The marked lithologic difference between the New Providence
and the overlying Fort Payne Chert near Scott Fitzhugh Bridge
suggests the two formations are unconformable. Additional evi-
dence of a local unconformity is a layer of greenish-black glau-
conitic and phosphatic shale which may be the residual product of
weathering at the top of the formation. An electrical log of a
corehole near the mouth of Shannon Creek just west of the map
area shows an abrupt lithologic change between the New Provi-
dence and the Fort Payne, but the core does not reveal any other
evidence of an unconformity. Electrical logs and cuttings from
the Wallace No. 1 and the Lewis No. 1 oil tests in the north-central
part of the area show that the Fort Payne becomes finer grained
-and less siliceous with depth, grading into the underlying New
Providence.

FoRT PAYNE CHERT

Definition.—As previously stated, Bassler (1912, p. 212) re-
named the Tullahoma Formation of Safford and Killebrew the Fort
Payne Chert, which he restricted at the base by placing the lower
shaly beds in the New Providence and Ridgetop Shales. Safford
and Killebrew included some beds of the overlying Warsaw in
the Fort Payne, but most workers (Hayes and Ulrich, 1903; Drake,
1914; Wade, 1914; and Jewell, 1931) excluded these beds, and the
Fort Payne or Tullahoma as used by them corresponds approxi-
mately to its present definition. The upper boundary was defined
by Bassler (1932, p. 153) to exclude all Warsaw beds. :

Distribution.—The Fort Payne Chert is well exposed at the
surface throughout the southwestern quarter of the Dover area,
especially along Standing Rock and Leatherwood Creeks (pl. 1).
Bluffs along the shores of Kentucky Lake provide very good sec-
tions, some as much as 150 feet thick (pl. 2). In the southeastern
part of the area good outcrops are exposed along Cross Creek
south of the Carlisle fault. The Fort Payne is not exposed
east of the Cumberland River except in the bluffs along the Cum-
. berland River between Dover and the Bumpus Mills fault and in
the fault block just northwest of Bumpus Mills (pl. 1).. Where not

- 11



exposed the Fort Payne lies at varying depths below the surface
and has been penetrated in several oil tests and water wells.

Thickness.—In the north-central part of the area, where the
depositional basin was deepest and the formation is thickest, four
oil test holes have penetrated the full thickness of the Fort Payne.
A study of cuttings from the Lewis No. 1 oil-test well shows that
the maximum thickness of the formation is 445 feet. A driller’s
log of the Moore No. 1 at Tobaccoport gives the thickness of the
Fort Payne as 500 feet but this figure probably includes an
unknown thickness of New Providence Shale. The thickness of
the Fort Payne is 280 feet in the Page No. 1 well about 4 miles
north of Dover. The Fort Payne is 234 feet thick at Shannon
Creek, just west of the map area, and about 240 feet thick about
4 miles south of the southern boundary of the map. Away from
the deeper parts of the basin in Stewart and Montgomery Counties,
the average thickness over much of the Western Highland Rim is
probably between 200 and 250 feet.

Lithology.—Superficially, the Fort Payne appears to be a
monotonous sequence of bedded chert in the northern half of the
Western Highland Rim. However, the lithologic characteristics
of the rock are variable both laterally and vertically, and two litho-
facies can be readily diseriminated (Marcher, 1959, p. 1767). For
descriptive purposes the lithofacies are herein informally referred
to as “bedded” and “scraggy”’ chert, respectively.

In the map area the bedded chert lithofacies consists of layers
of chert 4 inches to 1 foot thick intercalated with layers of highly
siliceous limestone or siltstone of similar thickness (pl. 2). Chert
makes up 25 to 50 percent of the rock. Small, irregularly shaped
siliceous geodes occur locally in both the chert and the limestone,
although they are more common in the latter. Megascopically, the
limestone is uniformly fine grained except in a few local beds at the
top of the formation, which are somewhat coarser grained. In thin
section the rock is a microcrystalline mosaic of interlocking calcite
and silica particles and, except for a very few grains, crystal
poundaries are completely lacking. Although there is considerable
range in particle size, recrystallization of the original silica-lime
mud has produced a remarkably uniform overall texture. Most of
the silica in the limestone is cryptocrystalline, but small amounts of
fibrous silica and microcrystalline quartz also are present. Small
euhedral grains of pyrite, some partly or completely altered to iron
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oxide, are sparse and tiny irregularly rounded masses of iron oxide
are rather rare.

Upon exposure to weathering the soluble material is leached
from the more calcareous layers first, leaving a pale yellowish-
brown residue of the relatively insoluble silica. The chert beds are
much more resistant to weathering and in many outcrops the lime-
stone has been thoroughly leached to tripolitic material, whereas
the chert is relatively unaltered. Where weathering has not been
too severe the rock is sufficiently coherent to retain its original
structure, and in some outcrops the weathered rock grades laterally
into fresh rock with very little change in volume. Local variations
in the degree of leaching, however, cause differential slumping and
produce small-scale folds and faults. At many localities the chert
is leached differentially along certain poorly defined lenslike layers,
thus producing a semibanded effect in partly weathered specimens.
No significant differences in mineral composition that would ac-
count for differential leaching were discerned, but slight differences
in the degree of crystallization may be the cause.

The color of the limestone layers is dark, with dusky-brown,
dusky yellowish-brown, and brownish-black hues being most com-
mon. The dark color is caused largely by an abundance of finely
disseminated brown organic material. An analysis by the U. S.
Bureau of Mines shows that even highly weathered Fort Payne
may contain 1 or 2 percent of organic material. Much of the
organic material occurs as very fine flakes embedded in the calcite
and silica or as thin films along contacts between the particles.
Concentration along grain contacts is probably the result of crystal
growth during lithification.

Concentration of calcite and organic material along irregular,
discontinuous, but closely-spaced planes give the rock a thinly
laminated structure. Where the rock is exposed to weathering the
calcite and some of the organic matter breaks down first, giving the
rock a shaly or platy appearance. ,

Chert, which occurs as persistent beds or irregular nodules in
the limestone, is nearly everywhere brownish black to olive black.
Because of its dense and brittle character the chert fractures along
irregular planes, producing angular pieces of all sizes. Under
magnification the chert is very fine grained and fairly uniform in
texture, much like the limestone. The silica is mostly cryptocrystal-
line, but small amounts of chalcedonic silica are present. Most of
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the chalcedonic silica occurs as irregularly-shaped spherulites
randomly scattered through the rock. Brownish organic matter
and finely disseminated iron oxides are abundant, much more so
than in the limestone. Small carbonate rhombs are present but are
_rare. Small cubes and ‘irregular masses of unaltered pyrite also
occur, but most of them have been more or less oxidized.

Along the eastern shore of Kentucky Lake northward from the
mouth of Panther Creek, the upper part of the Fort Payne contains
beds of fine-grained to very coarse grained fossil-fragmental cal-
carenite. In texture and color these beds closely resemble some
beds in the overlying Warsaw Limestone. Chert is abundant in
these beds and is of two types—Ilarge, rounded or irregularly
shaped masses of dense dark chert typical of the Fort Payne, and
highly porous fossiliferous chert identical to that derived from the
Warsaw Limestone. This type of chert, which is well developed in
many places along the shores of Kentucky Lake, locally is crowded
with well-preserved fossils, mainly brachiopods.

Except along the shores of the lake, outcrops of the calcarenite
beds in the Fort Payne are extremely scarce, and thus their exact
stratigraphic position is not certain. Furthermore, the presence in
the Fort Payne of chert similar to that in the Warsaw Limestone
makes it difficult to place the Fort Payne-Warsaw boundary with
accuracy. In the vicinity of Panther Creek, in the southwestern
part of the Tharpe quadrangle, however, these beds apparently are
about 50 feet below the base of the Warsaw. Toward the north the
beds seem to lower stratigraphically and in the vicinity of Rushing
and Ginger Creeks appear to be about 100 feet below the base of
the Warsaw.

The best exposures of the scraggy chert lithofacies are along
Standing Rock and Leatherwood Creeks in the southwestern part
of the area, along Bear Creek in the central part, and on Cross
Creek south of Carlisle (pl. 1). The lateral gradation from the
more typical bedded chert into the scraggy chert is shown best on
the bluffs along the north side of North Fork Leatherwood Creek
near its junction with East Fork Leatherwood Creek. This grada-
tional relationship is shown well also on the west side of the
Cumberland River just south of the mouth of Bear Creek valley,
where the scraggy chert grades both laterally and downward into
the bedded chert. Although the total thickness of the seraggy chert
is not known, as much as 80 to 100 feet is exposed at several points
along Standing Rock Creek. :
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On a fresh outcrop the scraggy chert generally is quite massive,
but as the rock weathers the inherent platy structure is empha-
sized. Individual plates and nodules of chert are very irregular and
discontinuous and have an exceedingly rough surface, hence the
term “seraggy.” Leaching of the scraggy chert beds removes the
carbonate and leaves rough plates of yellowish-brown chert with a
porous, spongy texture. Continued weathering removes much of
the iron oxide that gives the chert its color and breaks the rock
down into weakly coherent tripolitic material with a very: pale
orange to grayish-orange color.

On the north side of Standing Rock Creek, between Cole
Hollow and Terrapin Run, the scraggy chert lithofacies is medium
grained, but all other exposures in the Dover area exhibit a fine-
grained texture. In thin section the rock consists of patches of
chert and siliceous limestone interlocked together in an exceedingly
intricate pattern. Chert, in the form of cryptocrystalline silica,
makes up 75 percent or more of the rock. Only minor amounts
of microcrystalline quartz are present. Except for carbonate
rhombs, which locally are abundant in the chert patches, crystal
outlines are not discernible. The patches of limestone form a
mosaic of very fine recrystallized calcite and cryptocrystalline
silica. Accessory minerals such as pyrite and iron oxide are rare or
absent.

The light color of the scraggy chert contrasts sharply with that
of the darker bedded chert. In general the chert patches are light
to very light gray. The limestone patches are slightly darker, giving
the rock a mottled appearance. The variation in color of the chert
and limestone patches is largely due to the greater abundance of
organic material in the limestone.

Stratigraphic relationships.—The Fort Payne and underlying
New Providence Shale apparently are conformable, except for a
local unconformity on the anticline south of Scott Fitzhugh Bridge.
The Fort Payne-Warsaw contact is well exposed near the mouth of
. North Fork Leatherwood Creek, between Terrapin Run and Cole
Hollow on Standing Rock Creek, along both North and South Cross
Creeks, and in the bluff on the east side of the Cumberland River
a short distance north of the mouth of Mossy Run Creek. At the
latter two localities the lithologic change is fairly sharp at the
contact, but there is no other evidence of unconformity. On both
Standing Rock and Leatherwood Creeks the change from dark;
fine-grained, siliceous, cherty limestone of the Fort Payne into the
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light-colored, medium-grained, noncherty limestone of the Warsaw
is gradational, and the two units appear to be conformable. Elec-
trical logs and cuttings from several oil tests also support this
conclusion.

WARSAW LIMESTONE

Definition—Safford (1869, p. 838-348; 1900, p. 143-145; and
1901, p. 11) apparently placed part of the Warsaw in the St. Louis,
and part in the Fort Payne. Hayes and Ulrich (1903, p. 3) and
Bassler (1912, p. 212) considered it to be part of the St. Louis,
although they identified a Warsaw fauna in beds in the lower part.
Later workers (Drake, 1914; Wade, 1914; and Miser, 1921) vari-
ously included it in either the Fort Payne or St. Louis. Jewell
(1931, p. 44-45) described the Warsaw in Hardin County as a
separate lithologic unit, but because of its extremely weathered
condition he included it with the Fort Payne on his map. Bassler
(1932, p. 156-157) was the first to define the Warsaw as a separate
unit.

Distribution—The Warsaw Limestone is well exposed along
Cross, Long, and Lick Creeks in the southeastern part of the area,
and along Dyers Creek and the Cumberland River in the east-
central part (pl. 1). Several quarries on Hickman Creek about 2
miles west of Dover also provide unusually good sections. In much
of the southwestern part of the area and northward along the shore
of Kentucky Lake, the limestone has been leached away and the
Warsaw is represented only by residual chert. The Warsaw gen-
erally is covered with St. Louis bedrock and residuum in the north-
ern half of the area. :

Thickness.—Of the several oil tests that have been drilled in the
area only the Wallace No. 1 starts high enough in the section to
penetrate the full thickness of the Warsaw, and in that well the
Warsaw is 180 feet thick. In the bluffs along the Cumberland
River northeast of Dover and along Hickman Creek west of Dover '
the Warsaw is at least 200 feet thick.

Lithology.—Medium- to coarse-grained calcarenite consisting -
of broken and abraded fossil fragments is the dominant lithology
of the Warsaw (pl. 2). Subordinate lithologies include fine- to
medium-grained calcarenite, dolomitic limestone, and coquinite
similar to that described by Moore (1957, p. 119-120) from the
Ozark region of Missouri. The medium- to coarse-grained calcare-
nite consists of sand and granule-sized organic fragments in a
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finer grained matrix. Crinoid fragments are the most abundant of
the identifiable fossil fragments, but bryozoan fragments and
pieces of brachiopod shells also are very common. Nearly all the
larger grains are more or less abraded. Many large grains show
varying degrees of corrosion around the edges, indicating that
recrystallization has played an important role in lithification. The
fine- to medium-grained matrix is a recrystallized mixture of
unsorted fossil detritus and anhedral calcite particles of indetermi-
nate origin. Sorting is essentially nonexistent and only rarely is
there any orientation of particles parallel to bedding surfaces. In
general, clear secondary calcite is not common, but in a few thin
sections large, irregularly corroded organic fragments are sur-
rounded by secondary calcite and appear to be “floating” in it.
Many coarse particles, especially bryozoan fragments, are incrusted
with microlaminated calcite probably of algal origin.

Beds of fine-grained highly silty and dolomitic limestone occur
at or near the top of the formation in the bluffs on the north side of
Cumberland River and at a number of other points in the area. In
thin section, samples from these beds show a very fine, uniform
texture and a complete lack of structure. Bryozoans, oriented
parallel to the bedding, are abundant locally. Small siliceous geodes
similar to those from some parts of the Fort Payne also are fairly
common.

Apparently the environmental conditions controlling textures
also influenced the color. In general the coarser calcarenites are
medium-gray to pale yellowish-gray. The fine textured beds, includ-
ing those that are dolomitic, are pale to dark yellowish-brown.

Locally, the upper half of the formation contains discontinuous
and irregular beds that are finer grained, darker colored and much
more cherty than typical Warsaw calcarenite. Such beds are well-
exposed in the quarries on Hickman Creek about 2 miles west of
Dover. Like the coarser parts of the formation, the fine-grained,
dark-colored beds are made up mainly of broken fossil debris with
a few coarse particles, such as crinoid ossicles, irregularly dis-
" tributed through the rock. Orientation of the finely broken debris
gives the rock an irregular, very finely laminated structure, which
is emphasized by the concentration of insoluble organic and silice-
ous material along planes between the microlaminae and in
microstylolitic zones.

Coquinite may occur anywhere in the formation but it is most
common in the upper half. The coquinite from the Dover area con-
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sists primarily of bryozoan fragments and broken brachiopod
shells with very little matrix. Orientation of the particles varies
but a rudely laminated structure is apparent on etched surfaces.
Most particles show little or no abrasion or corrosion but many are
incrusted with threadlike algae.

Most, if not all, the chert in the Warsaw is of secondary origin
and in part is the result of surface weathering. In its earliest
stages of development the chert is no more than a thin crust on the
surface of the limestone. As silicification at the interface between
the limestone and incrusting chert continues, large masses of
vesicular chert that retain the original texture of the rock are
developed. In some fine-grained dark-colored limestone beds replace-
ment of both fossil fragments and matrix has altered the texture
to a fairly uniform mosaic of cryptocrystalline silica. Replace- -
ment of the calcite by silica is selective, with the matrix being
replaced first, small fossil particles next, and large fossil particles
last. In some places the matrix remains unchanged, whereas some
of the large particles have been partly or completely replaced. Of
the large fossil particles, bryozoan fragments seem to be least
resistant to replacement and crinoid ossicles most resistant;
brachiopod shells are intermediate. Although replacement by silica
may almost completely destroy the original texture of the rock in
the fine-grained limestone beds, delicate organic structures in the
coquinite are reproduced faithfully in many places. For example,
algal incrustations on some particles have been replaced completely
without destroying or blurring the delicate laminae.

Silicification generally stops before the entire rock has been
replaced, so that in unweathered but well-developed pieces of chert
the matrix and some of the fossil material are partly or completely
replaced. The large brachiopod fragments and most of the crinoid
ossicles generally remain unaltered. Weathering removes whatever
calcite may be left, producing the large bloeks of highly porous,
fossiliferous chert so characteristic of the Warsaw Limestone.

Few minerals other than caleite and, in partly weathered out-
crops, quartz, have been observed in the limestone. Fine organic
and clayey material is present in some of the darker and finer '
grained beds. Glauconite, pyrite, and iron oxide have been noted
in a few thin sections. A few well-rounded sand-sized particles of
quartz were noted in one thin section.

One of the most characteristic features of the Warsaw Lime-
stone is the widespread crossbedding that is. etched into relief on
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weathered outcrops. Typically, the bedding of the Warsaw is
massive; beds 4 to 8 feet thick are common and even thicker beds
occur locally. Locally, however, the bedding is very thin or even
laminated, especially where the rock is medium or fine grained.
Stylolites are most common in the fine- to medium-textured beds
but they also occur in coarse-textured beds. Being unusually mas-
sive and homogeneous, the Warsaw is a cliff former. Because of
its purity it is readily susceptible to solution, and solution openings
from a fraction of an inch to several feet in diameter are common.
Solution by ground water at the bedrock-residuum contact has
produced an extremely irregular surface with pinnacles of rock
extending up into the residuum. The fine-grained and dolomitic
beds in the upper part of the formation weather to smooth and
. rounded surfaces.

Stratigraphic relationships—The contact between the Warsaw
Limestone and the Fort Payne Chert may be sharply defined or
essentially gradational, but in either case apparently it is con-
formable and easy to identify. The contact with the overlying St.
Louis Limestone is more difficult to pick aceurately, especially
where the Warsaw and St. Louis seem to be interbedded with one
another, as in the bluffs along the Cumberland River. Wherever
the relationship can be determined, the Warsaw and St. Louis seem
to be conformable.

St. Louls LIMESTONE

Definition.—In Tennessee the St. Louis Limestone was first
referred to by that name in Safford’s “Geology of Tennessee”
(1869, p. 839). Safford and later authors (Hayes and Ulrich, 1903,
p. 3; Bassler, 1912, p. 212; Drake, 1914; Wade, 1914, p. 172;
Miser, 1921, p. 24-25) included all or part of the Warsaw in the
St. Louis. Butts (1919, p. 25-26) and Bassler (1932, p. 157-158)
deseribed the St. Louis in the northern and western parts of the
Highland Rim, respectively. As used in this report the St. Louis
consists of dark-colored beds of varying lithology overlying the
" coarse-grained, light-colored, massive Warsaw Limestone and
underlying the light-colored, highly oolitic Ste. Genevieve Lime-
stone.

Distribution.—Residual chert fragments derived from weather-
ing of St. Louis Limestone cap most of the hills in the area except
in the southwestern corner, where 2all the St. Louis and most of the
Warsaw have been removed by erosiorr (pl. 1). Bedrock is well
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exposed along Saline Creek and its tributaries, near the upper end
of Dyers Creek, on Long Creek east of Dover, and on both sides of
the Cumberland River north of the Bumpus Mills fault.

Thickness—Throughout the area the upper part of the St.
Louis is so deeply and thoroughly weathered that no determination
as to the total thickness of the formation can be made. Only in a
few places is as much as 50 to 75 feet exposed in any section. In
the northern part of the area, St. Louis bedrock crops out low on
the valley walls, and residuum derived from the St. Louis continues
to the tops of the hills, which are as much as 250 feet above the
valleys. These data indicate that the St. Louis is at least 250 feet
thick.

Lithology.—The St. Louis is the most heterogeneous of the
Mississippian formations exposed in the Dover area. Fine- to
coarse-grained calcarenite is widespread and is distributed
throughout the section. Foraminiferal limestone is prominent
locally but seems to be restricted to the lower part of the formation.
Dense, dark, cherty limestone and shaly limestone also occur locally
in the lower part of the formation. Discontinuous outecrops of
dolomitic and siliceous limestone are exposed at several places in
the area and, although their stratigraphic position is not known
certainly, they probably are close to the base of the formation.

Fine-to coarse-grained fossil-fragmental calcarenite is especially
well-exposed along Saline Creek and in the bluffs on both sides of
the Cumberland River (pl. 2). Broken and abraded crinoid and
echinoid ossicles, bryozoan fragments, and brachiopod shells make
up the bulk of 