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| GEOLOGIC ATLAS OF THE UNITED STATES.

UNITS OF SURVEY AND OF PUBLICATION.

The Geologieal Survey is making a topographic and a geo-
logic atlas of the United States. The topographic atlas will
consist of maps called atlas sheets, and the geologic atlas will
consist of parts ealled folivs. Each folio includes topographic
and geologic maps of a certain four-sided area, called a guad-
rangle, or of more than one such area, and # text describing its
topographie and geologic features. A quadrangle is limited by
parallels and meridians, not by political boundary lines, such
as those of States, counties, and townships. Each quadrangle
is named from a town or a natural feature within it, and at
the sides and corners of each map are printed the names of
adjacent quadrangles.

SCALES OF THE MAPS,

On a map drawn to the scale of 1 inch to the mile a linear
mile on the ground would be represented by a linear inch on
the map, and each square mile of 'the ground would be repre-
sented by a square inch of the map. The scale may he expressed
also by a fraction, of which the numerator represents a unit of
linear measure on the map and the denominator the corre-
sponding number of like units on the ground. Thus, as there
are 3,360 inches in a mile, the scale 1 inch to the mile is
expressed by the fraction 1., or the ratio 1:63,360.

The three scales most commonly used on the standard
maps of the Geological Survey are 1:31,680, 1:62,500, and
1:125,000, 1 inch on the map corresponding approximately
to one-half mile, 1 mile, and 2 miles on the ground. On the
scale of 1:31,680 a square inch of map surfuce represents
abont one-fourth of a square mile of earth surface; on the
scale of 1:62,500, about 1 square mile; and on the scale of
1:125,000, about 4 square miles. In general a standard map
" on the scale of 1:125,000 represents one-fourth of a “square
degree”—that is, one-fourth of an area measuring 1 degree of
latitude by 1 degree of longitude; one on the scale of 1:62,500
represents one-sixteenth of a “square degree”; and one on the
scale of 1:51,680 represents one-sixty-fourth of a “‘square
degree.” The areas of the corresponding quadrangles are
about 1,000, 250, and 60 square miles, though they didfer with
the latitude, a “square degree” in the latitade of Baston, for
example, being only 3,525 square miles and one in the latitude
of Galveston being 4,150 square miles.

FEATURES SHOWN ON THE TOPOGRAPHIC MAFS.

The features represented on the topographic maps comprise
three general classes—(1) inequalities of surface, such as
plains, plateaus, valleys, hills, and mountains, which collec-
tively make up the refief of the avea; (2) bodies of water, such
as streams, lakes, swamps, tidal flats, and the sen, which
collectively make up the drainage; (3) such works of man as
roads, railroads, buildings, villages, and cities, which collec-
tively are known as culture.

Relief.—All altitudes are measured from mean sea level.
The heights of many points have been accurately determined,
and those of some are given on the map in figures. It is
desirable, however, to show the altitude of all parts of the area
mapped, the form of the surface, and the grade of all slopes.
This is done by contour lines, printed in brown, each repre-
senting a certain height above sea level. A contour on the
ground passes through points that have the same altitude.
One who follows a contour will go neither uphill nor downhill
but on a level. The manner in which contour lines express
altitude, form, and slope is shown in figure 1.

FisurEe 1.—ldeal view and corresponding contour mwap.

The view represents a river valley between two hills. In
the foreground is the sea, with a bay that is partly inclosed by
a hooked sand bar. On each side of the valley is a terrace.
The terrace on the right merges into a gentle upward slope;
that on the left merges into a steep slope that passes upward to
a cliff, or scarp, which contrasts with the gradual slope back
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from its crest. In the map each of these features is indicated,
directly beneath its position in the view, by contour lines.
This map does not include the distant ‘part of the view.

As contours are continuous horizontal lines they wind
smoothly about smooth surfaces, recede into ravines, and pro-
ject around spurs or prominences. The relutions of contour
eurves and angles to the form of the land ean be seen from
the map and sketch. The contour lines show not only the
shape of the hills and valleys but their altitude, as well as the
steepness or grade of all slopes.

The vertical distance represented by the space between two
successive contour lines—the contour interval—is the same,
whether the contours lie along a ciiff or on a gentle slope; but
to reach a given height on a gentle slope one must go farther
than on a steep slope, and therefore contours are far apart on
gentle slopes and near together on steep slopes.

The contour interval is generally uniform throughout a
single map. The relief of a flat or gently undulating country
can be adequately represented only by the use of a small con-
tour interval; that of a steep or mountainous country can gen-
erally be adequately represented on the same scale by the use
of a larger interval. The smallest interval commonly used on
the atlas sheets of the Geological Survey is 5 feet, which is
nsed for regions like the Mississippi Delta and the Disinal
Swamp. An interval of 1 foot has been used on some large-
scale maps of very flat areas, On maps of more rugged coun-
try contour intervals of 10, 20, 25, 50, and 100 feet are used,
and on maps of great mountain masses like those in Colorado
the interval may be 250 feet.

In figure 1 the contour interval is 20 feet, and the contour
lines therefore represent contours at 20, 40, 60, and 80 feet, and
80 on, above mean sea level. Along the contour at 200 feet lie
all points that are 200 feet above the sea—that is, this contour
would be the shore line if the sea were to rise 200 feet; along
the contour at 100. feet are all points that are 100 feet above
the sea; and so on. In the space between any two contours
are all points whose altitudes are above the lower and below
the higher ‘contour. Thus the contour at 40 feet falls just
below the edge of the terrace, and that at 60 feet lies above the
terrace; thervefore all points on the terrace are shown to be
more than 40 but less than 60 feet above the sea. In this
illustration all the contour lines are numbered, but on most of
the Geological Survey's maps only certain contour lines—
say every fifth one, which is made slightly heavier—are num-
bered, for the heights shown by the others may be learned
by counting up or down from these. More exact altitudes
for many points’ are given in bulletins published by the
Geological Survey.

Drainage.—Watercourses are indicated by blue lines. The
line for a perennial stream is unbroken; that for an inter-
mittent stream is dotted; and that for a stream which sinks
and reappears is broken. Lakes and other bodies of water
and the several types of marshy areas are also shown in blue.

Culture—Symbols for the cultural features and for public-
land land lines and other boundary lines, as well as all the
lettering and the map projection, are printed in black.

FEATURES SHOWN ON THE GEOLOGIC MAFPS,

The maps representing the geology show, by colors and
conventional signs printed on the topographic map as a base,
the distribution of rock masses on the surface of the land
and, by means of structure sections, their underground rela-
tions so far as known, in such detail as the scale permits.

KINDS OF ROCKS,

Rocks are of many kinds, On the geologic map they are
distinguished as igneous, sedimentary, and metamorphic.

fyneous vocks.—Rocks that have cooled and consolidated
from a state of fusion are known as igneous. Molten material
has from time to time been forced upward in fissures or chan-
nels of various shapes and sizes through rocks of all ages to
or nearly to the surface. Rocks formed by the consolidation
of molten material, or magma, within these channels—that is,
below the surface—are called infrusive. An intrusive mass
that occupies a nearly vertical fissure which has approximately
parallel walls is called a deke; one that fills a large and irreg-
ular conduit is termed a sfock. Molten material that traverses
stratified rocks may be intruded alo_ng bedding planes, forming
masses catled sills or sheefs if they are relatively thin and
laeeoliths it they are large lenticular bodies. Molten material
that is inclosed by rock cools slowly, and its component
minerals erystallize when they solidify, so that intrusive rocks
are generally crystalline. Molten material that is poured out
through channels that reach the surface is called lave, and
lava may build up voleanic mountains. Igneous rocks that
have solidified at the surface are called extrusive or effusive.
Lavas generally cool more rapidly than intrusive rocks and
contain, especially in their outer parts, more or less voleanie
glass, produced by rapid chilling. The outer parts of lava
flows are also usually made porous by the expansion of the
gases in the magma. Explosions due to these gases may
accompany voleanic eruptions, causing the ejection of dust,

ash, lapilli, and larger fragments. These materials, when con-
solidated, constitute breceias, agglomerates, and tuffs.

Sedimentary rocks.—Rocks composed of the transported
fragments or particles of older rocks that have undergone
disintegration, of voleanic material deposited in lakes and seas,
or of material deposited in_ such bodies of water by chemical
precipitation or by organic action are termed sedimentary.

The chief agent in the transportation of rock débris is water
in motion, including rain, streams, and the water of lakes and
of the sea. The materials are in large part carried as solid
particles, and the deposits they form are called mechanical.
Such deposits are gravel, sand, and clay, which are later con-
solidated into conglomerate, sandstone, and shale. Some of
the materials are carried in solution, and deposits composed of
these materials are called organic if formed with the aid of life
or chemieal if' formed without the aid of life. The more com-
mon rocks of chemical and organic origin are limestone, chert,
gypsum, salt, certain iron ores, peat, lignite, and coal, Any
one of the kinds of deposits named may be formed separately,
or the different materials may be intermingled in many ways,
producing a great variety of rocks.

Another transporting agent is air in motion, or wind, and a
third is ice in motion, or glaciers, The most characteristic of
the wind-borne or eolian deposits is loess, a fine-grained earth;
the most characteristic of the glacial deposits is fill, o hetero-
geneous mixture of boulders and pebbles with clay or sand.

Most sedimentary rocks are made up of layers or beds
that can be easily separated. These layers are called strala,
and rocks deposited in such layers are said to be stratified.

The surface of the earth is not immovable; over wide regions
it very slowly rises or sinks with reference to the sea, and shore
lines are thus changed. As a result of upward movement
marine sedimentary rocks may become part of the land, and
most of our land surface is in fact composed of rocks that were
originally deposited as sediments in the sea.

Rocks exposed at the surface of the land are acted on by air,
water, ice, animals, and plants, especially the low organisms
known as bacteria, They gradually disintegrate, and their
more soluble parts are leached out, the less soluble material
being left as a residual layer. Water washes this material
down the slopes, and it is eventually, carried by rivers to the
ocean or other bodies of water. Usually its journey is not con-
tinuous, but it is temporarily built into river bars and flood
plains, where it forms alluvivie, Alluvial deposits, glacial
deposits (collectively known as drift), and eolian deposits
belong to the surficial class, and the residual layer is com-
monly included with them. The upper parts of these deposits,
which are occupied by the roots of plants, constitute soils and
subsoils, the soils being usually distinguished by a considerable
admixture of organic matter.

Metamorphic rocks—In the course of time and by various
processes rocks may become greatly changed in composition
and texture. If the new characteristics are more pronounced
than the old the rocks are called metamorphie. In the process
of metamorphism the chemical constituents of a rock may
enter into new combinations and certain substances may be lost
or new ones added. A complete gradation from the primary
to the metamorphic form may exist within a single rock mass.
Such changes transform sandstone into quartzite and limestone
into marble and modify other rocks in various ways.

From time to time during geologic ages rocks that have been
deeply buried and have been sabjected to enormous pressure,
to slow movement, and to igneous intrusion have heen after-
ward raised and later exposed by erosion. In such rocks the
original structural features may have been lost entirely and
new ones substituted. A system of parallel planes along which
the rock can be split most readily may have been developed.
This acquired quality gives rise to cleavage, and the cleavage
planes may cross the original bedding planes at any angle.
Rocks characterized by cleavage are called slates. Crystals of
mica or other minerals may have grown in a rock in parallel
arrangement, causing lamination or foliation and producing
what is known as sehistosity. Rocks that show schistosity
are called sehists.

As a rule, the older rocks are most altered and the younger
arve least altered, but to this rule there are many exceptions,
especially in regions of igneous activity and complex structure,

GEOLOGIC FORMATIONS,

For purposes of geologic mapping the rocks of all the kinds
above described are divided into formations. A sedimentary
formation contains between its upper and lower limits either
rocks of uniform character or rocks more or less uniformly
varied in character, as, for example, an alternation of shale and
limestone. If the passage from one kind of rocks to another
is gradual it may be necessary to separate two contiguous for-
mations by an arbitrary line, and the distinction between some
such formations depends almost entirely on the fossils they
contain. An igneous formation contains one or more bodies
of one kind of rock of similar occurrence or of like origin. A
metamorphic formation may consist of one kind of rock or of

several kinds of rock having common characteristics or origin.
[Continued oo inside back cover.]



DESCRIPTION OF THE BESSEMER AND VANDIVER

INTRODUCTION
LOCATION AND EXTENT OF THE AREA

The Bessemer and Vandiver guadrangles, which are called
in this folio the Bessemer—Vandiver area, are in Jefferson and
Shelby counties in the north-central part of Alabama. (See
fig. 1.) The area is bounded by parallels 33° 15 and 33°
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Fraurg 1.—Index map of northeastern Alabama and portions of adjacent
States
The location of the Bessemer and Vandiver quadrangles, covered by Folio 221, i= shown by the
darker ruling, Published folios deseribing other quadrangies, indieated by lighter ruling,
are the following : Nos. 2, Ringgold ; 6, Chattanooga ; §, Sewanes ; 10, Stevenson | 20, Olave-
land ; 85, Gadsden ; 78, Rome; 175, Birmingham

30" and meridians 86° 30’ and 87°. It covers one-cighth of a
square degree and has an area of 498 square miles. The area
was surveyed in cooperation with the (Geological Survey of
Alabama.

THE APPALACHIAN HIGHLANDS
EXTENT

Northern Alabama is in the southern part of the Appa-
lachian Highlands.® This major physiographic division of the
United States extends from the Atlantic Coastal Plain on the
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Freurg 2.—Map of the southern part of the Appalachian provinee, show-
ing its physiographic divisions and its relation to the Coastal Plain

east to the Interior Plains on the west and from Canada and
Lake Erie on the northeast to Alabama and Georgia on the
southwest. The boundaries of this major division and of its
larger subdivisions are shown on the sketch map (fig. 2).

SUBDIVISIONS

On the grounds of differences in topography, rocks, and
geologie structure, the Appalachian Highlands can be divided
into four parts called provinces. These provinces are from
southeast to northwest the Piedmont, the Blue Ridge, the
Appalachian Valley, and the Appalachian Plateaus. On

1 Fenneman, N. M., Physiographic divisions of the United States: Assoc,
Am, Geographers Annalg, vol. 6, pp. 19-98, 1917.

QUADRANGLES

the west of the Appalachian Plateaus are the Interior Low
Plateaus, which are included in the Interior Plains by the
United States Geological Survey but which in the opinion of
some, including the writer, should be included in the Appala-
chian Highlands.

The boundary between the Piedmont and Blue Ridge
provinces is the east foot of the Blue Ridge and the foot of
the high but irregular eastern scarp of the mountains of west-
ern North Carolina and northern Georgia which form the
southern extension of the Blue Ridge. The boundary between
the Blue Ridge and Appalachian Valley provinces is the west
foot of the Blue Ridge of Virginia and of the high mountains
of eastern Tennessee. This boundary continues into north-
western (Georgia to the point where it intersects the boundary
between the Piedmont and Blue Ridge provinces, about 15
wiles southeast of Dalton. The Blue Ridge province thus
terminates in northwestern Georgia. Thence southwestward
the Piedmont and Appalachian Valley provinces are contigu-
ous, the indefinite boundary between them running southwest-
ward through Sylacauga, Ala., to the Coastal Plain in Chilton
County, Ala. The boundary between the Appalachian Valley
and the Appalachian Plateaus is, in Pennsylvania, the escarp-
ment known as the Allegheny Front or Allegheny Mountain;
in southwestern Virginia and through Tennessee, the Camber-
land escarpment or Cumberland Mountain; and in Alabama,
the eastern scarp of Lookout Mountain and the eastern bound-
ary of the Warrior coal field. The western boundary of
the Appalachian Plateaus through Tennessee, about midway
between Knoxville and Nashville, is a broken escarpment 800
to 1,000 feet high, separating the Cumberland Plateau from
the Highland Rim. Northeastward the boundary, though not
sharply defined, is extended through central Ohio to the
vicinity of Cleveland.

PIEDMONT FPROVINCE

The Piedmont provinge is a rolling upland 1,100 feet above
sea level at the east foot of the Blue Ridge and 500 feet or less
above sea along the well-known “fall line,” which extends
from Washington, D. C., to Columbus, Ga., through- Rich-
mond, Va., Raleigh, N. C., Columbia, 8. C., and Augusta, Ga.
Its generally flat surface has been deeply trenched by the
streams that flow across it. It is underlain by very ancient
and crumpled erystalline rocks, both igneous and metamorphie.

BLUE RIDGE PROVINCE

The Blue Ridge province, which is narrow at its northern end
in Virginia, is over 60 miles wide in North Carolina. It is a
rugged region of hills and ridges and of deep, narrow valleys.
The altitude of the higher summits in Virginia is 3,000 to
5,700 feet, and in western North Carolina Mount Mitchell,
6,711 feet high, is the highest point east of Mississippi River.
Throughout its extent this province stands conspicuously above
the bordering provinces, from each of which it is separated by
a steep, broken, rugged front 1,000 to 3,000 feet high.

The rocks of this province are closely folded quartzite, slate,
schist, gneiss, granite, and greenstone.

APPALACHIAN YVALLEY PROVINCE

GENERAL FEATURES

The Appalachian Valley province, in the south end of
which the Bessemer—Vandiver arvea is situated, is a belt of
country 50 to 80 miles wide, which extends from Canada into
Alabama and which is on the whole lower than the Blue
Ridge on the east and the Appalachian Plateaus on the west.
In the vicinity of Big Stone Gap, Va., the crest of the Big
Black Mountains is 3,000 feet above the valley on the north-
west side, and in northern Tennessee Holston Mountain, near
the northwest front of the Blue Ridge, rises to nearly 3,000
feet above the valley on the southeast side.

In other places, as in the Birmingham district, the valley is
not so distinetly defined by high escarpments. Nevertheless the
altitude of the limestone and shale valleys constituting the larger
part of the Appalachian Valley province in the Birmingham
district is considerably lower than that of the adjacent provinces.

The rocks and structural conditions that oceur in the
Bessemer—Vandiver area prevail throughout the length of the
Appalachian Valley province. The rocks are not erystalline,
like those of the Piedmont and Blue Ridge provinces, but sedi-

mentary, including limestone, dolomite, conglomerate, sand-
stone, and shale, which have been greatly disturbed by folding
and faulting, as hereinafter deseribed.

SUBDIVISIONS IN ALABAMA

Cahaba Ridges.—Although the province is in general a
valley, there are within it many high ridges that extend
parallel to its general direction, of which Red Mountain is a
good example. These ridges are generally grouped along the
west gide of the valley from New York to Alabama. In Ala-
bama the ridge section includes all the valley west of the east
margin of the Coosa coal field and of a line in continuation of
that margin southwest through the middle of the southern part
of the Cahaba coal field. The north end of the ridge section
curves eastward and narrows to a point a few miles southeast
of Gadsden. It includes Blount and Chandler mountains.
The name Cahaba Ridges is here proposed for this part of the
valley in Alabama.

Birmingham Valley—The belt of relatively low land within
the Cahaba Ridges lying between Shades Mountain on the
goutheast and Sand Mountain on the northwest and extending
the full length of the Cahaba coal field is commonly known
and spoken of as Birmingham Valley. It includes Shades,
Jones, and Opossum valleys and Red Mountain and Enon or
Flint Ridge.

Coosa Valley.—East of the Cahaba Ridges is the Coosa
Valley, which is the broad, generally flat, low country oceupied
by Coosa River and its tributaries and farther southwest by
Cahaba River and its eastern tributaries.

APPALACHIAN PLATEAUS PROVINCE

The Appalachian Plateaus division of the Appalachian
Highlands is relatively high, ranging from 500 feet above the
sea, as in the Warrior coal field, to more than 4,500 feet in
Pocahontas County, W. Va,, and about 2,000 feet in western
New York. In Tennessee it slopes somewhat westward from
about 2,000 feet above sea level on the east to about 1,500 feet
on the west, where it terminates in a steep scarp 500 to 1,000
feet high that descends to the Highland Rim of middle Ten-
nessee. The original plateau has been dissected into parts or,
in places, obliterated by the streams that cross it so that it is
now spoken of as a dissected plateau. One of these parts is
the Cumberland Plateau of Tennessee, which is the part of the
province that now most nearly answers to the conception of a
plateau. The high knobs of Madison and Jackson counties
are outliers of the Cumberland Plateau.

The rocks of the Appalachian Plateaus comprise sandstone,
conglomerate, shale, and coal. The province is in general
coextensive with the Appalachian coal field. In contrast with
the beds of the Appalachian Valley province the strata of the
plateaus have been but slightly disturbed from their originally
horizontal attitude.

TOPOGRAPHY OF THE AREA
GENERAL FEATURES

Nearly all of the Bessemer—Vandiver area is in the Appa-
lachian Valley province, only a few square miles in the
northwest corner of the Bessemer quadrangle being in the
Appalachian Plateaus. The Appalachian Valley province in
the Birmingham district has two natural subdivisions named
the Cahaba Ridges and the Coosa Valley, which are defined
and described above., The southeast third of the Vandiver
quadrangle falls in the Coosa Valley; the rest of the area
except the small part in the Appalachian Plateaus lies in the
Cahaba Ridges.

The area is one of mature topography. The streams are
approximately graded and reach all parts of it, so that no
extensive undrained surface remains.

RELIEF

The altitude of the area ranges from 340 feet above sea level
on Cahaba River at the south margin of the Bessemer quad-
rangle to 1,520 feet on Signal Mountain, in the Vandiver
quadrangle. Throughout most of the area the relief ranges
from 100 to 300 feet. The relief is notably greater, however,
near Birmingham, where the summit of Red Mountain is 400
feet above the level of Jones Valley, and in the vicinity of
Oxmoor, where the escarpment of Shades Mountain rises



abruptly to a height of 500 feet above Shades Valley. The
ereatest local relief, 500 to 1,000 feet, iz along the belt of high
ridges traversing the Vandiver quadrangle diagonally from the
vicinity of the southwest corner to the northeast corner.

TOPOGRAPHIC TYPES

There are in the area two distinet types of topographie
features which may be designated the linear and diffuse types.
The linear type is characterized by parallel ridges and valleys
that trend northeast, and the diffuse type by an irregular

arrangement of ridges and valleys. The diffuse type prevails -

in the part of the guadrangles lying in the Appalachian
Plateaus province and in the Coosa Valley; the linear type
distinguishes the Cahaba Ridges.

The two types of topography are the result of differences in
the character and attitude of the strata, as is well exhibited
in section B-B' on the structure-section map of the Bessemer
quadrangle. In the Cahaba Ridges the strata of unequally
resistant rocks (limestone, sandstone, conglomerate, and shale),
wenerally inclined at high angles and striking northeastward,
have determined the position and trend of the valleys and
ridges. The valleys coincide with the outerops of the lime-
stone and shale, which are easily eroded, whereas the ridges
eoincide with the outerops-of the more resistant sandstone and
conglomerate. The valleys are wide and flat. (See Pl L)
Especially noteworthy examples of the ridges are Oak, Double
Oak, and Double mountains, which eross the Vandiver quad-
rangle. These arve formed of the highly inclined basal sand-
stones (“Millstone grit”) of the Pottsville formation (*Coal
Measures”) of the Coosa coal field. Bignal Mountain, the
highest point in the quadrangles, is situated at the point
of a canoe-shaped syncline of one of these basal sandstone
strata, The rocks of the plateau region in the northwestern
part of the Bessemer quadrangle are all shale and sandstone,
which lie practically flat. On account of their flatness their
resistunce to erosive forces has been equal in all lateral direc-
tions, so that the arrangement of the valleys and ridges is
irregular. The ridges extend in all directions; they wvary
greatly in breadth from point to point, and po two are alike in
length. They are generally separated by deep, crooked val-
leys and send off innumerable short, narrow spurs that are
separated by narrow ravines. The one-third of the Vandiver
quadrangle in Coosa Valley is characterized by low relief and
irregularly arranged streams and ridges and spurs. Although
the rocks in this area are steeply inclined and intensely pli-
cated, they are in general fairly uniform in hardness and with-
out thick and persistent hard strata that would have a con-
trolling influence on the topography. The topographic features
resulting from erosion are similar to those resulting from the
erosion of flat rocks.

DRAINAGE

The Bessemer and Vandiver quadrangles lie in the Black
Warrior, Cahaba, and Coosa drainage basins. About 70
square miles in the northwest corner of the Bessemer quad-
rangle is drained by Valley Creek, a tributary of Black
Warrior River, which it joins about 15 miles west of Bessemer.
An area of about 1 square mile in the southeast corner ot the
Bessemer quadrangle is drained by South Fork of Yellow
Leaf Creek, a tributary of Coosa River. The remainder of the
quadrangle is drained by Cahaba River and its tributaries. An
area of about 80 square miles in the western and northwestern
parts of the Vandiver quadrangle is in the Cahaba River basin,
and the remainder of it is in the Coosa River basin,

None of the streams are navigable. Some, like Valley Creek,
Shades Creek, and Little Cahaba River, occupy limestone val-
leys and are fed by numerous copious springs. Cahaba River,
though it flows through the coal field, receives the spring-fed
streams of Cahaba Valley such as Little Cahaba and Buek
crecks, Fven during droughts these streams afford good sup-
plies for stock, small power plants, coal washing, and irrigation.

The total fall of Cahaba River in the gquadrangles in a dis-
tance of 70 miles is 270 feet, an average of nearly 4 feet to the
mile; the fall of Valley Creek is 100 feet in 12.7 miles, or
nearly 8 feet to the mile; and the fall of Shades Creek is 365
feet in 36.5 miles, or practically 10 feet to the mile. The
grade of these streams is representative of the streams of the
region generally.

CULTURE

The chief centers of population are Jones and Opossum
valleys. Jones Valley contains Birmingham (population in
1920, 178,806), the southern outskirts of which are in the
Bessemer quadrangle, and Bessemer (population, 18,674), 12
miles southwest of Birmingham. The part of Jones Valley
between the two cities is thickly settled, but though mainly a
residential section it is also the site of small manufacturing
towns like Grasselli. In Opossum Valley, just north of
Wylam, are the manufacturing towns of Ensley and Fairfield ;
and several great manufacturing plants are located in the val-
ley southeast of Wylam. The concentration of population in
this district is due to geologic and topographic conditions.
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The raw materials of iron making—iron ore, coal, and lime-
stone—are most conveniently assembled here; the lay of the
land is favorable for building and local intercommunication ;
and the natural features of the surrounding country present
tavorable conditions for communieation with the outside world.

Outside of the industrial district just deseribed the popula-
tion of these quadrangles is mainly rural, except for the small
towns of Helena, Pelham, and Keystone, in the southeastern
part of the Bessemer quadrangle, and small mining towns such
as Acton and Coalmont.

All the limestone valleys and the broad, gently undulating
surface of Coosa Valley in the southeastern part of the
Vandiver quadrangle are largely cleared and cultivated, as are
also the gentler slopes of the ridges and the more level tracts
within the coal fields. The rougher parts of the coal fields
and the steep slopes and erests of the high ridges are wooded.
Excellent metaled roads radiate from Birmingham and Besse-
mer for considerable distances into the surrounding country.
The ordinary country roads are conveniently spaced and are
kept in good condition, so that communieation between differ-
ent parts of the region is reasonably easy at all seasons.

DESCRIPTIVE GEOLOGY

The geology of this region has been deseribed and mapped
by the Alabama Geological Survey. In this folio many new
formations and new members in the old formations are recog-
nized and mapped, and a number of formation names that
differ from those of the Alabama Survey reports are used in
order to bring the nomenclature into harmony with the more
general recent usage.

GENERAL CHARACTER OF THE ROCKS

The rocks of the quadrangles are all of sedimentary origin
and range in age from Cambrian to Carboniferous; all the
Paleozoic systems but the Devonian are well represented.
The maximum thickness of rocks exposed is about 20,000 feet.
These rocks were originally deposited on the bottom of bodies
of water in a nearly horizontal attitude. In small parts of the
quadrangles this attitude has been fairly well preserved, but
generally the strata have been folded and faulted until their
original horizontal attitude and to a considerable extent
their original relations have been destroyed. In addition to
the consolidated rocks, there are local superficial deposits of
Recent age, which are of little stratigraphie significance. The
generalized columnar section in the back of the folio gives a
condensed expression of the stratigraphy of the area.

In this region there are five dolomite formations which in
view of the matters set forth below, are of especial interest.
These formations, in ascending order the Brierfield dolomite,
Ketona dolomite, Bibb dolomite, Copper Ridge dolomite, and
Chepultepec dolomite, are in part the basis of a new geologic
system proposed by K. O. Ulrich and named by him? the
Ozarkian system., The name was taken from the Ozark region
of Missouri, from a study of which the idea of a distinet system
arose. Ulrich describes this proposed new system as follows:?

Under the term Ozarkian I include all the formations of the
Appalachian Valley that can be shown to be younger than (1) the
top of the Upper Cambrian Nolichucky shale in northeastern Ten-
nessee and (2) the top of the Conasauga shale in sontheastern
Tennessee, northwestern Georgia, and northeastern Alabama, and
which are older than the base of the Stonehenge limestone of the
Canadian system [Beekmantown group] in southern and central
Pennsylvania.

Pending the presentation of all the evidence supporting the
introduection of this new system, in a monograph now in prep-
aration, by Mr. Ulrich, the United States Geplogical Survey
will classify these formations as Cambrian or Ordoviecian.
The present writer, however, believes that the Ozarkian system
of Ulrich should be adopted for use in this folio, because in
this part of Alabama it reaches its maximum known thickness
of about 5,000 feet.

The succession and relations of the several formations of this
great dolomite series are fully described in the Montevallo-
Columbiana folio.

The table on the back of the columnar-section sheet shows
the position of the proposed system in the general stratigraphic
succession, its relations to the Knox delomite of earlier Ten-
nessee and Alabama reports, the general relations of the lower
Paleozoic formations of Alabama to those of other regions, and
the various classifieations followed by the Alabama and United
States Geological Surveys.

STRATIGRAPHY
SHALE OF UNKNOWN AGE

I'n the southeast corner of the Vandiver quadrangle, on Four-
mile Creek, oceur several detached masses of red shale and of
soft yellow, greenish, or grayish shale or rotten slate that have
been thrust into their present position from an original source

? Olrich, E. ., Revision of the Paleozoie systems: Geol. Soc, America
Bull., vol. 22, pp. 281-680, 1911.
! Idem, p. 627.

that apparently lay 15 miles or more to the southeast. These
rocks are much older than the limestone which they overlie,
and their parent formations are supposed also to underlie the
limestone at a great depth.

The red shale of these areas is almost certainly of Rome or
Watauga age, as described in rveports on northwestern Georgia
and eastern Tennessee, but the age of the gray shale is uncer-
tain. It is in contact with different formations on different
sides—on the southwest with a heavy cherty formation sup-
posed to be the Copper Ridge dolomite, on the north with the
Newala limestone, and on the east with the Rome (* Monte-
vallo”) formation. It seems impossible to determine the age
of this shale from its stratigraphic relations, nor have any
fossils been found to reveal its age. Lithologically the shale
resembles shale of the Conasauga formation, slates of the
Talladega slate mass, and the shale of the Weisner formation
of the Columbiana quadrangle, just south of the Vandiver.
As in the adjoining area in the northeast corner of the Colum-
biana quadrangle the shale lies geographically between the
Rome (* Montevallo™) formation and beds that are thought to
be the Copper Ridge dolomite, the gray shale in the Vandiver
quadrangle might with the greatest degree of probability be
regarded as the Conasauga shale, which iz normally between
the Copper Ridge and Rome, if it were not for the fact that
along Beeswax Creek 2 to 4 miles south of the area of gray
shale the Conasauga, which there directly and normally fol-
lows the Rome, consists, so far as observed, of several hundred
feet of limestone, In view of the uncertainty as to the age and
relations of these rocks, it is believed to be most expedient not
to assign any definite age to them.

CAMEBRIAN BYSTEM

The Cambrian formations that erop out in these quadrangles
are the Rome (“Montevallo™) formation and the Conasauga
(““ Coosza™) limestone.

ROME ("MONTEVALLO") FORMATION

Name and limifs.—The name Rome formation, from Rome,
Ga., was introduced by Hayes in 1890. The name * Choceo-
loceo or Montevallo shales™ was introduced by E. A, Smith, at
about the same time, for rocks in central Alabama now known
to be equivalent, in whole or in part, to the Rome formation.
The equivalency of the Rome and “Montevallo” was not sat-
isfactorily established, however, until 1908. In the meantime
the name Rome had been given wide currency by use in
eleven folios of the Geologic Atlas of the United States, and it
seemed best to retain it, although the name * Montevallo® has
slight priority in publication.

The base of the Rome formation is nowhere exposed in these
quadrangles, but it is exposed in the southwestern part of the
Rome quadrangle in Georgia and Alabama, and is there
underlain by the Shady (* Beaver”) limestone, which prob-
ably underlies the Rome in the Bessemer-Vandiver area also,
as it is exposed beneath the Rome on Beeswax Creek, in the
northeastern part of the Columbiana quadrangle. The top of
the Rome is fixed at the upper limit of red shale and of the
peculiar hard siliceous limestone that weathers to a rusty sand-
stone characteristic of the Rome. This lithologic boundary
is definite and easily recognized. Above it everywhere lies
the olive-colored shale or blue oolitic limestone of the Cona-
sanga or equivalent formations.

Distribution.—The Rome formation crops out in a narrow
band along the southeast margin of the Cahaba coal field.
Helena is situated upon it, and the best exposure of the for-
mation in this area is in that town and its vieinity. It is
much better displayed to the north and west of Montevallo,
15 miles south of Helena.

The west boundary of the strip of the Rome is a fault, along
which the formation has been thrust westward and upward into
contact with the Carboniferous rocks west of the fault. The
vertical movement along this fault can not have been much if
any less than 12,000 feet. Small areas of the formation oceur
also in the southeastern part of the Vandiver quadrangle.
These are remnants of an overthrust mass that has been nearly
removed by erosion.

Character.—The Rome formation is composed predominantly
of stiff greenish shale, yellow flaky shale, and red shale, but it
includes thin layers of impure limestone, thin cherty layers,
thin layers of hrown rotten sandstone, which is normally cal-
careous, thin bands of quartzite, and beds of fine-grained cal-
careous sandstone as much as 20 or 30 feet thick. It is
decidedly variegated in color. Dividing Ridge, which extends
both north and south of Helena for several miles, is made by
a bed of sandstone 30 feet thick composed of about equal pro-
portions of silica and lime carbonate.

Thickness.—As the bottom of the Rome formation does not
crop out, its full thickness in this region can not be determined.
At Helena about 1,000 feet appears to be exposed, and it is
not unlikely that the formation reaches a considerably greater
thickness,

Age and correlation.—Small collections of fossils have been
obtained from the Rome formation in the Bessemer quadrangle,



from which the following forms have been identified by C. D.
Walcott except the Olenellus, which was identilied by the
writer.

Micromitra (Paterina) major Oboluos smithi Waleott.

Walcott. Wimanella ehelbyensis Walcott,
Micromitra (Paterina) williardi Olenellus thompsoni Hall.

Waleott. Paedenmias transitans Waleott.
Micromitra (Iphidella) pannola Wanneria halli Walcott.

White.

The fossils in this list, except the Olenellus, were obtained
from two localities, one a quarter of a mile north of Helena
and the other 4 miles south of Helena, from a bed that seems
to be about 500 feet below the top of the Rome. In the
vicinity of Montevallo, about 200 feet below the top of the
Rome as delimited in that locality, Olenellus thompsont is
abundant. Of the fossils in the list Micromifra (Palerina)
williardi, Obolus smithi, and Wimanella shelbyensiz are known
only from the Rome of Cahaba Valley. The Micromitia
(Paterina) pannula is recorded by Walcott from Lower, Mid-
dle, and Upper Cambrian rocks, but the greater mumber of
occurrences are Middle Cambrian, The FPeedeumias and the
Wanneria are in some regions, as York County, Pa., associated
with Olenellus, which is accepted as a Lower Cambrian genus.
The paleontologic evidence, as generally interpreted, indicates
the Lower Cambrian age of all but the upper 200 feet more
or less of the Rome in this region, which may be Middle
Cambrian.

On the basis of continuity and lithology as well as on rather
meager fossil evidence, the Rome formation has been cor-
related with the upper part at least of the Watauga shale of
eastern Tennessee, the Russell formation of Virginia, and the
Waynesboro formation of Pennsylvania. However, fossils
collected from the Russell formation in the summer of 1926,
throw considerable doubt upon the supposed equivalency of
the Rome and Russell formations.

CONASAUGA (“COOSA™) LIMESTONE

Name.—The name Conasanga, from Conasauga River, in
northwestern Georgia, was introduced by Hayes in December,
1890, and appeared in print in February, 1891, The name
Coosa, from Coosa Valley, was introduced by Smith in Janu-
ary, 1891, for the same rocks. For the reasons stated in con-
nection with the name of the Rome formation, the name
Conasauga is used in this folio.

Distribution.—The Conasauga limestone underlies much of
the width of Opossum Valley from Bessemer to Wylam. It
is bounded on the west side by a fault along which it is in
contact with the Pottsvillee It crops out extensively in
Jones Valley, occupying a belt about a mile wide the whole
length of the valley within the Bessemer quadrangle. As the
Conasauga is absent in the Bessemer gquadrangle in Cahaba
Valley, it must thin out somewhere underneath the Cahaba
coal field.

The gray and yellowish shale of the formation was seen at a
number of places in the vicinity of Bessemer. There is also
a good exposure of the shale, containing limestone layers, on
Eleventh Street in Birmingham, opposite the street-car barn.
The limestone is particularly well exposed in the western part
of Bessemer and just to the northwest and at many places in
Jones Valley between Bessemer and Birmingham.

Topographically the Conasanga forms low, flat, damp valleys
known as Flatwoods.

Character.—~The Conasauga is made up mostly of rather
thin bedded dark-gray finely erystalline limestone, interbedded
with more or less soft, fissile, and probably caleareous shale,
which weathers gray or yellowish.

Chemiecally the Conasanga limestone is, so far as analyses af
hand show, high in caleium earbonate and low in magnesium
carbonate, with still smaller amounts of silica, iron, and
alumina.

In places, especially in the vicinity of Bessemer and at old
Jonesboro, layers of waxy-looking chert not over half an inch
thick oceur in the shale. This material is dark within but
rusty on the weathered surface. At localities where this chert
occurs many small prismatic pieces of it may be scattered on
the surface. "The interbedded chert and shale are well dis-
played on Twenty-fourth Street in Bessemer. (See Birming-
ham folio, No. 175, Pl. 1.) The continuous beds of lime-
stone where the formation is best exposed in Jones Valley
might suggest that the shale does not exceed one-tenth of the
mass and that it occurs for the most part as comparatively
thin partings in the limestone. Possibly, however, the pro-
portion of limestone and shale varies much along the strike,
and there may be much more shale in some places than in
others not far removed. In some loealities, as 1 to 3 miles
northeast of Montevallo, about 30 miles south of Birmingham,
the thick layers of the Conasauga are, on the weathered sur-
face, striped with alternating gray and bluish bands half an
inch to 2 inches broad. Such banding is highly developed in
the equivalent Rutledge and Maryville limestones of Tennes-
see. In the vieinity of Bessemer and elsewhere in Jones
Valley some of the limestone is shot through by a network of
calcite veins.

Bessemor-YVandiver
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Thickness.—The thickness of the Conasanga is 1,900 feet, as
caleulated from the width of the outerop and the angle of the
dip, with the assumption that there are no irregularities in
structure to vitiate the result. These figures are comparable
to those given by Hayes for the thickness of the Conasauga in
northeastern Alabama—71,600 to 2,000 feet. If the bottom of
the formation iz not brought to the surface along the fault the
thickness is still greater by an unknown amount.

Age and correlation—Fossils are fairly plentifal in the
Conasauga, although it appears to be unfossiliferous because
the fossils are so firmly inclosed in the rock that they do not
appear on weathered or broken surfaces. By close examina-
tion, however, numerous sections of trilobites and brachiopods
appear on a broken surface of some layers. Fragments of
trilobites also are revealed on the weathered surface of a layer
here and there. Many layers are full of a branching form
that may be of organic origin. Fossils collected from the
Conasanga limestone in Jones and Opossum valleys in the
Bessemer and Birmingham quadrangles are listed below as
determined by C. I). Walcott.

Lingulella buttsi Waleott. Westonin
Lingulella desiderata (Waleott). Obolus lanmborni (Meek).
Lingulella gunadrilateralis (Wal- Obolus willisi (Walcott).
eott). Norwoodin simplex Waleott.
Lingulella similis (Waleott). Norwoodia pondercen Waleott.
Dieellomns appalachia Waleott. Norwoodia gracilis Waleott.
Acrotreta kutorgai Waleott. Agnostus, 3 or 4 species,
Micromitra alabamaensis (Wal- Crepicephalus texanus Shumard.
coti. Crepicephalus thoosa Walceott.

The species of trilobites listed are now regarded by both
Waleott® and Ulrich as characteristic of the Upper Cambrian,
but according to Walcott some of the brachiopods range down
into the Middle and Lower Cambrian. It is agreed, however,
that at least that part of the Conasauga which carries the
fauna listed is of Upper Cambrian age. No exclusively Middle
Cambrian fossils are yet known from the Conasauga of Birming-
ham Valley. But the Conasauga of the areas southeast of the
Cahaba coal field in Alabama carries Middle Cambrian fossils
and may be all Middle Cambrian. Through the fossils the
Conasauga has been correlated with the Rutledge limestone,
Rogersville shale, Maryville limestone, and Nolichucky shale
of Tennessee, the Honaker limestone of eastern Tennessee and
southwestern Virginia, and the Warrior limestone of Pennsyl-
vunia. This correlation, however, is correet only for the Cona-
sauga of the State as a whole. The Conasauga of Birmingham
Valley, so far as known, is more nearly equivalent to the Noli-
chucky shale and perhaps the Maryville limestone also.?

CAMBRIAN OR ORDOVICIAN SYSTEM

SUBDIVISIONS

Pending a decision as to the adoption of Ulrich’s proposed
Ozarkian system, five formations are classified by the United
States Geological Survey as of either Cambrian or Ordovician
age, They are, in ascending order, the DBrierfield, Ketona,
Bibb, Copper Ridge, and Chepultepec dolomites. They com-
pose the Knox dolomite of earlier reports on this region. The
Brierfield and Bibb do not extend into the Bessemer-Vandiver
area, but the entire series iz developed in the Montevallo
quadrangle, and is fully deseribed in the Montevallo-Colum-
biana folio. Their relations are also shown in the table on
the back of the columnar-section sheet. In the writer’s opinion
there are no grounds for assigning these rocks to either the
Cambrian or the Ordovician system, but there are cogent
reasons for the conclusion that they constitute a natural sys-
tem intermediate between the Cambrian and Ordovician and
coordinate in time value with those systema.

UNCONFORMITY AT THE BASE OF THE KRETONA AND COPPER RIDGE
DOLOMITES

In Birmingham Valley the Ketona dolomite succeeds the
Conasauga limestone, the Brierfield dolomite, which in the
Montevallo quadrangle lies between the two formations, being
absent. In Cahaba Valley the Conasauga limestone and
Brierfield dolomite are both absent, and the Ketona lies upon
the Rome formation. Furthermore, the Ketona itself is almost
certainly absent for some distanee north and south of Bessemer,
where the Copper Ridge dolomite and Conasauga limestone are
in contact. The stratigraphic gap in the part of Jones Valley
where the Ketona is present is measured by the thickness of
the Brierfield dolomite (1,200 to 1,500 feet); the gap in
Cahaba Valley, by the thickness of the Conasanga and Brier-
field formations us developed elzewhere, amounting to 3,000
feet; and the gap between the Conasauga and Copper Ridge
in the vicinity of Bessemer, where the Brierfield, Ketona, and
Bibb are absent, amounts to about 2,500 feet.

KETONA DOLOMITIE

Name.—The Ketona dolomite was named by Butts from
Ketona, 5 miles north of Birmingham, where a large quarry
has been opened in the formation.

 Waleott, C. ID., Cambrian trilobites: Smithsonian Mise Coll, vol, 64,
No. 8, 1116,

! For farther discussion of this subject and for figures of some of the
fossils listed here and elsewhere in this folio see Butts, Charles, and others,
Geology of Alabama: Alabama Geol Survey Speecinl Pob. 14, 1926

Distribution.—The Ketona apparently underlies most of
Opossum Valley north of Woodward and erops out in a nar-
row strip on the east side of Flint Ridge northward to Walnut
GGrove. It erops out around the north end and on both sides
of the Salem Hills, southwest of Bessemer. It shows at a few
points in the southeast quarter of Birmingham, and a gray
apparently pure dolomite referred to the Ketona was thrown
out from a well in the vicinity of Cleveland. No trace of it
was seen along the east base of Red Mountain south of Cleve-
land, and it is almost certainly absent, as shown by the fact
that the Conasauga limestone is exposed in the vicinity of
Jonesboro in practical contact with the Copper Ridge dolomite.
In Cahaba Valley the Ketona erops out along the bottom of
the narrow valley between New Hope Mountain and the
Cahaba coal field. For most of the distance it is separated
from the Carboniferons rocks by a narrow strip of the Rome
formation. r

Character—The Ketona is almost all thick-bedded light-
oray rather coarsely crystalline dolomite, and, unlike the
Copper Ridge and Chepultepec dolomites, it is nearly free
from silica. Locally, as at the quarry of the Republic Iron
& Steel Co. near Thomas, in Opossum Valley, the Ketona has
the appearance of a crush breccia through a considerable thick-
ness, as shown in Plate II. The character of the bedding is
illustrated elsewhere.® Chemiecally this rock is nearly pure
dolomite, as shown by the following average of a number of
analyses:

Analyses of Kelona dolomite

i 1 z &
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lnsoluble matber . . ... | 08 ||
CaCO, - EEREE | 54.80 | 65,08 | 58,041
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1. Average of partial analyses of zix samples collected by the anthor
from the Fresman farm, in the 8W. 3 NE. 2 sec. 28 T. 21 8, R 8 W.. 5
miles north of Montevallo. Samples taken every 40 feet through a thick-
ness of about 200 feet. Analyses by the U, 8. Geol. Burvay,

2. Average analysez of rock taken out doring four months at Ketona
quarry. Analyses by Tennessea Coal, Iron & Railrond Co.

8. Average of ten analyses of carload samples, from North Birmingham
quarey. aggregating b0 carloads and extending over a period of more than
three years. Analyses by Sloss-Sheflield Iron & Steel Co.

These analyses show a very pure earbonate rock. The ratio
of ealcium and magnesium carbonates is nearly that of the
mineral dolomite, which is composed of 45.6 per cent mag-
nesium carbonate and 54.4 per cent calcinm carbonate.

The rock is used extensively for flux in the furnaces of the
Birmingham distriet.

Thickness.—The thickness of the Ketona dolomite in Bir-
mingham Valley and in Cahaba Valley north of Helena is 400
to GOO feet. It may be thicker in Opossum Valley and in
Cahaba Valley south of Helena, where the outerop is wider.
The greater width of outcrop, however, may with equal prob-
ability be due to lower dip or to wavy folding. Exposures are
lacking to reveal the facts,

Age.—No fossils of any kind have ever heen found in the
formation; its age is determined by its stratigraphic position
and structural relation to other formations. It is younger
than any rocks known from their fossils to be of Upper Cam-
brian age.

UNCONFORMITY AT THE TOF OF THE KETONA DOLOMITE

The Bibb dolomite, which overlies the Ketona in the Monte-
vallo region, is absent in the Bessemer-Vandiver area a nd the
Ketona is therefore followed unconformably by the Copper
Ridge dolomite, described below. The thickness of the absent
formation is 275 to 500 feet.

COPPER RIDGE DOLOMITE

Nuame.—The name Copper Ridge, under the form Copper
Ridge chert, was introduced by Ulrich™ from a conspicuous
ridge 8 miles northwest of Knoxville, Tenn., which is made
by the formation. The term was subsequently modified® by
the inclusion of the “Lower Knox™ of Tennessee. As now
defined the Copper Ridge in Alabama is conformably overlain
by the Chepultepec dolomite and eonformably underlain by the
Bibb dolomite. The formation in Alabama is identified with
that in Tennessee on the grounds of sequence, lithology, and
the presence of the same species of Cryplozoon in both areas,
and also because the outcrop is probably continuous from the
type locality into Alabama,

Distribution.—The Copper Ridge dolomite is one of the
most widespread formations in northeastern Alabama, It
was probably deposited over the entire area and is absent now
only on the crests of the anticlines from which it has been
eroded. There is a small faulted area of Copper Ridge near

¢ Butts, Charles, U, 8. Geol, Survey Geol, Atlag, Birmingham folio (No.
175), pl. 2, 1910.

T Ulrich, E. O., Revigion of the Paleozoic systems: Geol. Soc. America
Bull., vol. 22, pp. 635-637, 1911,

8 Ulrich, K. 0., Tennessee Dept. Education Div. Geology Bull. 28, p. 84,
1924; Bull 31, p. 16, 1924,




Pleasant Ridge Church, northwest of Bessemer. It erops out
in the Salem Hills, in Flint Ridge, along the west base of
Red Mountain, and in New Hope Mountain in Cahaba Valley.
It is almost certainly present under the coal fields and under
all that part of the Bessemer-Vandiver area east of New Hope
Ridge.

Character.— As the Copper Ridge dolomite is not well
exposed in the central Alabama region but little knowledge of
its real character can be gained through direct observation.
Here and there an isolated exposure of dolomite appears in a
wide expanse of territory, the surface of which is deeply
covered with red, tawny, or gray soil, full of chunks and
boulders of chert, which are also strewn abundantly over the
sarface. Fortunately, however, exposures on Alligator Creek,
about 10 miles south of the southwest corner of the Bessemer
quadrangle, have revealed the real nature of the Copper Ridge
and Chepultepec dolomites. The section of these dolomites
on Alligator Creek is followed upward in regular sequence by
an almost complete section of the Longview and Newala lime-
stones along Little Cahaba River half a mile east of Alligator
Creek and within the Montevallo quadrangle. A compilation
of the two sections is given below.

Seetion along Alligator Creek and Little Cahabe River in secs. £ and 17,
T 230N, R IIE

Newala and Longview limestones (om Little Cahaba
River):
21. Limestone, largely pearl-gray, noncerystalline or
very finely crystalline, brittle. much heavy  Feet
dolomite, and some chert below ______________ 1, 000 =
Chepultepes dolomite (on Alligator Creek):
20, Dolomite, dark gray, coarsely crystalline, layers

6 inches to 1 foot thiek _______________________ 280

18 HotieEpeamade st o ool e a i 110

18, Dolomite with chert. . coeeooo .. 80
17. Not exposed; much cavernous chert with gas-

ey iy e G e el S S 80

16. Dolomite like No. 20 ______ .. 200
15. Limestone, pearl-gray, very finely or not visibly
crystalline; a few gastropods show in section

on the weathered surface of a layer or two___ B

1, 100

Copper Ridge dolomite (on Alligator Creek):
- SR o T ) e e SR (T e e P, R 10
13 Dolomite, thick bedded, dark gray, eoarsely
cerystalline, partly exposed ; much chert débris

with Cryplezoomn COIMMON . oo oo e m 5
12, Not exposed ________ gl Ry P s 130
11. Dolomite like Wo. 18 .. 25
10, Hobt aEposed o oo v e ceee e m e m————— 40
9. Chert, solid L2 N o) B ETRN 20
AU NohaTpixmad] S= - e T T e s
%. Chert, solid________. S S AT 10
6. Dolomite, like No. 18, not all exposed ________. 250
5. Not exposed, dense chert with two or thre

species of Cryptezoon plentiful ... ... ... B0
4. Dolomite like No. 13, yields much densa jagged

ol 1T ot i 0 0 N Sy Tl e T a5
8. Limestone, light gray, compact ... ceneaan 10
2. Dolomite, mostly light gray, finely erystalline;

vields abundant heavy chert .. _____ 370

1, 760
Ketona dolomite:

1. Dolomite, light gray, coarse, some slightly mag-

nesian limestone, no chert; exposed to faalt. a50 4=

The dolomite that constitutes the main mass of the Copper
Ridge is prevailingly a thick-bedded dark-gray and rather
coarse grained rock. On Alligator Creek, as shown in the
section above (No. 2), the lower part is very finely crystalline
and light gray. The appearance of the rock indicates calcium
carbonate and magnesium earbonate nearly in the dolomite
ratio. No analyses that are surely of Copper Ridge dolomite
are known to the writer.

The surfaces underlain by Copper Ridge are thickly strewn
with chert ranging from small pieces up to masses several feet
in diameter. The larger masses of this chert are especially
well displayed on Mahan Creek, in the Montevallo quadrangle
a few miles south of Montevallo, where the ereek cuts throngh
the chert ridge 1 to 2 miles east of Brierfield. Notwith-
standing the great quantities of chert on the surface little
appears in the freshly exposed beds in creek sections and
other places. The chert is evidently a secondary product
developed in the process of weathering. Layers of dolomite
or limestone at creek level may be followed to their outerop
higher up on the banks and be found to change entirely to
massive chert.

The chert has been shown by Washburne through micro-
scopie examination to be crystalline quartz. It is very dense
and tough, weathers with jagged surfaces, and breaks down
into small angular fragments, very little of it being mealy or
chalky, like much of the chert of the other cherty formations
of the region. A typical specimen is shown in Plate TII.
The prevailing colors are white, yellowish, and pink.

Topographically the Copper Ridge dolomite generally
expresses itself as a ridge, on account of the protecting mantle
of chert which has accumulated on the surface. Flint Ridge
and the Salem Hills, in Birmingham Valley, and New Hope
Mountain, in Cahaba Valley, are examples,

Thickness—The thickness of the Copper Ridge in the
Alligator Creek section is 1,750 feet, which may be assumed
as the thickness throughout the Bessemer-Vandiver area.
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Age and correlalion.—No fossils have been found in the
Copper Ridee dolomite in either the Bessemer or the Vandiver
quadrangle. Two types of Cryplozoon in the chert have been
observed in the Montevallo-Columbiana region to the south,
and a few specimens of gastropods in chert were collected in
the southeastern part of the Columbiana quadrangle. A col-
lection obtained half a mile west of Chalkville in the Birming-
ham quadrangle and another within a mile west of Springville,
still farther northwest, are the best that have been obtained
from the Copper Ridge in the Appalachian region.

Of the Copper Ridge fossils Ulrich says:*®

Recognizable fossils are as a role exceedingly rare in the Copper
Ridge, and those found arve almost withont exception only silicified
molds in the chert residue. Masses of a compound cryplozoon
resembling O, wndulatum (Pl IV ), a supposed gigantic calcareous alga,
are fairly common in the lower and middle parts of the Copper Ridge.
With these oceur some of ““hrainlike ”” appearance. The rounded
masses of another species, O, profiferum # (Pl V), seem to be confined
to the upper half of the Copper Ridge, The other fossils consist
chiefly of gastropods, with one or two each of eephalopods and trilo-
hites, all of undeseribed species,

The collection from Chalkville seems to come from a higher posi-
tion in the formation than the Bpringville lot, It contains four
species of Sinwopea, a species of a new genus ( Khachopea Ulrich)
combining characters of Sinwopes and  Fuconda, and one species of a
new genus of compressed conical limpets (Lophoconus Ulrich) that
seems to be eharacteristic of the Ozarkian fauna,

The Springville collection oceurs in a cellular, rather mealy chert
observed at a few places beneath the middle of the formation.
Exeept the limpet, which is somewhat doubtfully common to both,
the fossils in this lower zone are quite different from those foumd near
Chalkville. In the Springville collection we note a new limpet allied
to Tryblidivm, a very tall species of Scenelle, two species of Hypselo-
conig, three species of Scaevogyra—one related to S, sweesyi and
another to 8. effigua—and a small corved rapidly tapering cephalopod
of the genus Levisoceras Foerste.  With the probable exception of the
last all these indieate a lower Ozarkian horizon.

Compared with Ozarkian faupas found in Missouri the fossils of
the Chalkville collection prove fo be most closely related to those
that mark the Proctor dolomite and an undescribed unit above it
Those of the SBpringville collection, on the other hand, are very
similar and in part indistingnishable from characteristie fossils of the
Eminence dolomite. The evidence in hand, therefore, indicates that
the beds referred to the Copper Ridge in Alabama include represent-
atives of the Missouri formations mentioned. DMoreover, as those
Missouri formations are separated from each other and from the pre-
ceding Potosi dolomite and the soeceeding Gasconade dolomite by
overlap unconformities, and as their maximom aggregate thickness
is greatly inferior to the maximum thickness of the Copper Ridge, it
sepms reasonable to infer that the Copper Ridge includes also beds
that fall into the hiatuses known to ocenr between the mentioned
formations of the middle Ozarkian sequence of deposits in Missouri,

[nvestigations made sinee the publication of the Birmingham folio
have shown that the beds in which were found the first three of the
fossils listed in that folio as middle Knox are really mueh younger
than Copper Ridge.” Their horizon in fael corresponds to the Long-
view limestone of this folio.

CHEMILTEFEC DOLOMITE

Name.—The Chepultepec dolomite was established as a for-
mation by Ulrich!? and named by him from the town of
Chepultepec, in Murphrees Valley, 30 miles northeast of Bir-
mingham, near which the formation is well developed and where
it has yielded the most species and best-preserved fossils of its
characteristic fauna that have been found in Alabama. As
now defined it rests conformably on the Copper Ridge dolo-
mite in both Tennessee and Alabama.

Distribulion.—In these quadrangles the Chepultepec occurs
only in Cahaba Valley, where it crops out in a belt along the
east flank of Newhope Mountain. A narrow strip, which is
thrust up by the Cahaba Valley fault, occurs along the middle
of the northern part of the valley in the Vandiver quadrangle.
At the north margin of the quadrangle this fault lies along the
crest of a low ridge just east of Hebron Church, and the

‘Chepultepee, which erops out on the east side of the ridge, has

been faulted into contact with the Fort Payne chert, which
crops out on the west side.

Character.—As shown in the section on Alligator Creek,
the Chepultepec consists of limestone in its lower part and
dolomite in its upper part. The dolomite appears to be some-
what thinner bedded than the Copper Ridge but of the same
eray color and coarsely granular texture. The limestone at
the bottom is light gray or pearl-gray and very finely erystal-
line or in part without visible crystalline texture. This lime-
stone is possibly present at Chepultepee, where there is a
valley, probably eroded upon it, between the Copper Ridge
and Chepnltepec formations, as noted by Ulrich in his original
description. The Chepultepee differs from the Copper Ridge
mainly in its limestone, its chert, and its fossils. Its chert,
unlike that of the Copper Ridge, described above, is predom-
inantly mealy, weathering to a chalky texture, much of it full
of irregular cavities as if worm-eaten and but little of it
sufficiently dense and resistant to form large boulders. Its
character is shown in Plate VI. As a result of the character

®[Jlrich, E. 0., personal communication.

1L 8. Geol. SBarvey Geol, Atlas, Birmingham folio (No. 175), p. 4 (folio
edition); p. 82 (octavo edition), 1910,

11 Olrich, E. 0., Geol. Soe. Ameriea Bull., vol, 22, p. 638, 1911,

of the chert, the areas underlain by the Chepultepec have little
other than fine débris scattered over the surface, and usually it
is easy to distingnish in the field the areas of Copper Ridge
and Chepultepec. However, as their contact iz practically
nowhere exposed, and as the two kinds of chert become mixed
along the boundary line on the slopes, precise location of the
boundary is generally impossible, and therefore the aveas of
the two are not separated by a line on the map.

Thickness—In the section on Alligator Creek the Chepul-
tepec as delimited is about 1,100 feet thick. TIts thickness may
be different elsewhere, but under the conditions of exposure no
reliable determination can be made.

Age and correlation—The Chepultepec has yielded a con-
siderable fauna, mainly gastropods, which generally occur in
the cavernous mealy chert. The fossils are fairly common
in the chert wherever the formation crops out in the region,
but the most abundant and best fossils have been collected at
the type locality near Chepultepec, in the Birmingham quad-
rangle. The following list, identified by Ulrich, comprises
all the determinable species so far found in the typieal expo-
sures of the formation in the vicinity of Chepultepee, Ala., and
at Jasper, Tenn. Most of the listed species are common to the
two localities, and at both places the collections were made
from layers of porous chert lying approximately 200 feet
beneath the top of the formation:

Archeoeyathuos ? gp. undet.

Lophosonus sp.
FPelagiella expansa Ulrich.

Waleottoceras obliqunm Ulrieh
and Foerste,
Levisoeeras of. L, mereurias

Binnopea humerosa Ulrich. (Billings).
Binuoepea regalis Ulrich, Eremoeceras gracile Tlrich and
Binuopea turgida (Hall). Foerste,

Rhachopea grandis Ulrich. Eremoeeras infundibulam Ulrieh
Rhachopea strongi (Whitfield), and Foerste.

Ozarkotoma acuta Ulrich. | Eremoeerans major Ulrich and
Enomphalopsis involuta Ulrich. Foerste,

Helicotoma uniangalata (Hall). Buehlerocaras sp.

Helicotoma diserata Ulrich. Clarkoeeras newton-winehelli

|

Ozarkispira typiea Ulrich. | (Clarke).
Chepultepecia leiosomella (Sar- | Clarkoeeras conicnm Ulrieh and

deson), | Foerste.
Gasconadia putilla (Sardeson). | Clarkoeeras eurvatum Ulrich and
Gasconadia nitida Tlrich, | Foerate,
Ophileta, 4 unnamed species. Oneotoceras jasperensa Ulrich and
Cameroceras huzzahense Ulrich Foerste,

and Foerate. | Hystricurns? n. sp.

Some of these fossils have been found also in the Chepulte-
pec of the Bessemer-Vandiver area.

Ulrich states that 17 of these 31 species occur in Missouri in
the chert of the Gasconade dolomite, about the same number
in the Oneota dolomite in Wiseonsin and Jowa, at least 3 in
the small fauna found in the chert bed at the top of the Little
Falls dolomite at Little Falls, N. Y., and 3 others in the same
formation near Whitehall, N. Y. Ividently the deposits of
this age transgressed very widely in northeasterly and north-
westerly directions from central Alabama.

ORDOVICIAN EYSETEM

The formations definitely assigned to the Ordovician system,
named in ascending order, comprise in Cahaba Valley the
Longview limestone, Newala limestone, Odenville limestone,
Mosheim limestone, Lenoir limestone, Athens shale, and Little
Oak limestone and in Birmingham Valley the partly contem-
poraneous Chickamauga limestone. All these formations, with
the exception of the Longview limestone, were included by the
Alabama Geological Survey under the name “Pelham lime-
stone.” In subdividing this predominantly limestone mass in
Cahaba Valley, it was decided that the name Pelham eould not
be applied to any of the units without causing confusion, so
new names were adopted, except Lenoir and Athens, which
have long been in use in Tennessee. The table on the back
of the columnar-section sheet shows the equivalence of the
“Pelham limestone™ to the units here adopted.

CAHABA VALLEY

OUNCONFORMITY AT BASE OF LONGVIEW LIMESTONE

In Cahaba Valley there is an unconformity between the
Chepultepec dolomite and the Longview limestone, owing to
the absence of rocks equivalent to the Stonehenge limestone,
700 feet thick, of central Pennsylvania, which underlies the
equivalent of the Longview and is above the horizon of the
Chepultepec dolomite.

LONGVIEW LIMESTONE

Name.—The Longview limestone was named from Long-
view, in the Montevallo quadrangle, which is situated on the
outerop of the formation.

Lack of exposures prevents observations of the contact of
the Longview and Chepultepee, but in places the two are
exposed within a short distance of each other, so that the
boundary between them is located within narrow limits, At
the top the Longview appears to merge into the Newala lime-
stone, which has little or no chert. At Longview the lower
and upper boundaries of the limestone have not been precisely
located, but in the Buck Creek section west of Pelham, in the



Bessemer quadrangle, the bottom of the Longview is about
400 feet southeast of the ford across Buck Creek on the old
road from Pelham to Helena, and the top is about 1,500 feet
southeast of the ford.

Distribution.—The Longview limestone has been recognized
only in Cahaba Valley, where it crops out in a strip a quarter
of a mile wide along the west side of the valley. 1In the Van-
diver quadrangle the outerop is repeated by the fault along the
middle of Cahaba Valley north of Newhope Church. It has
not been recognized in the southeast corner of the Vandiver
quadrangle.

Character.—The formation is made up of alternating bluish-
gray fine-grained limestone and light-gray coarse-grained dolo-
mite or magnesian limestone. [t contains a greater proportion
of dolomite than the next overlying (Newala) limestone and
less dolomite than the underlying Chepultepee dolomite. It
yields a compaect but brittle chert that breaks down into small
fragments. Most of it is gray; a little is black. So far as
seen in the limestone layers it occurs in plates, there being no
cavernous chert like that of the Chepultepec.

Thickness,—The thickness of the Longview limestone west
of Pelham, where its boundaries can be most nearly located, is
about 400 feet.

Age and correlation—The Longview is sparingly fossilifer-
ous, but the few species of fossils are widely and apparently
uniformly distributed, so that search eceldom fails to be
rewarded by a few specimens. Fossils have been found from
the latitude of Montevallo northward to the north boundary of
the Vandiver guadrangle. The characteristic and most com-
mon fossil is the gastropod Lecanospira (Ophileta) compacta.
This is one of the most reliable guide fossils, being known at
this general horizon, to which it is confined, all along the
Appalachian Valley from Alabama to Canada. It is charac-
teristic of the Nittany dolomite of central Pennsylvania and of
the lower part of division D of the typical Beekmantown of
New York, with which the Longview limestone is correlated.
The Lecanospira and another similarly wide-ranging gastro-
pod, Roubidowria, also show that the Longview limestone is
to be correlated with the Roubidoux formation of Missouri.

NEWALA LIMESTONKE

Name—The Newala limestone was named from Newala, a
post office on the Southern Railway between Montevallo and
Calera, in the Montevallo quadrangle. It is best exposed,
however, near Pelham, in the Bessemer quadrangle. The
boundary between the Newala and Longview crosses the
Pelham-Helena road about half a mile northwest of Pelham.
The boundary between the Newala and the overlying Lenoir
limestone lies near the east side of the Louisville & Nashville
Railroad station at Pelham. The Newala and Longview seem
to grade into each other, but the upper boundary of the
Newala is, locally at least, a conglomeratic limestone forming
the bottom of the Lenoir limestone. (See P1. VIL.)

Distribution—The Newala limestone is present in Cahaba
Valley and throughout the region east of the valley. A
belt about half a mile wide lies along Cahaba Valley in the
Bessemer quadrangle, and two belts, each about half a mile
wide, separated by a narrow strip of Chepultepec dolomite
and Longview limestone extend along the wvalley across the
Vandiver quadrangle. The eastern of these two belts has
been brought up by the Cahaba Valley fanlt. There are
also two small areas in the southeast quarter of the Vandiver
quadrangle.

The Newala is best displayed in the section on Buck Creek
immediately northwest of Pelham, in the Bessemer quadrangle.
It is also well exposed in the quarries at Keystone, Newala,
and Longview and in the adjacent ground in that part of its
area that lies in a general way north of Varnons, in the
Montevallo quadrangle.

Character.— The Newala is predominantly a limestone.
Comparatively thick bedding is the rule. Layers of dolomite
a few feet thick occur here and there throughout the mass,
more commonly in the lower part, but compose a small pro-
portion of the whole. Some of the layers are mottled and con-
sist in part of blue limestone and in part of gray dolomite in
irregular distribution. The layers of dolomite are light gray
and coarse grained and have a sandy appearance on the out-
side, so that they are called sandstone by the quarrymen. The
composition of some of these magnesian layers is given in the
table of analyses (p. 21). Some of the layers of limestone are
dark gray and fine grained; others are dove-colored and fine
erained or amorphous; and still others have a peculiar pearl-
gray color, with nongranular or amorphous texture, are very
brittle, and have a splintery or glassy fracture. Except for
specks of clear caleite the material has much the appearance of
lithographie stone. Such limestone is very characteristic of the
formation from its type locality in Alabama to Tennessee. A
fossiliferous layer of this kind at Me(iuire Ford, in the south-
west corner of the Montevallo quadrangle, is sprinkled full of
small rounded grains of clear glassy quartz. The upper part
of the formation is of high purity and is extensively quarried
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for lime at a number of points between Keystone and Calera.
(See table of analyses, p. 21.)

Thickness—The thickness of the Newala in Cahaba Valley
is 800 to 1,000 feet. The thickness in the southeastern part
of the Vandiver quadrangle seems to be much greater than in
Cahaba Valley, but owing to uncertainty as to the geologic
structure no estimate of the thickness is made.

Age and correlation.—Fossils are not abundant but are
generally distributed through the Newala limestone of Cahaba
Valley and are confined to only a few species. The following
forms from that region have been identified:

Deltatreta (Ulrich) filistriata | Hormotoma artemesiat

Butts, n. gen. and ap. |  Hormotoma gracilens ¥

Undeseribed syntrophoid bra- Coeloeanlis linearis?

chiopod. Maeclurea affinis?

Ceratopea keithi Ulrich. A sap- Maclurea cceann ¥

posed operculum of an un- Gyronema ¢f. G. strigillata.
known gastropod. Unknown Ophileta.

ontside of this general zone Lecanospira Ulrich, n. gen.
and highly eharacteristic. Eunrystomites kellogi?

Ceratopea, slender species. |

In addition to the fossils listed above there are a bryozoan
identified by Ulrich as a Nicholsonella and two species of
cephalopods, one a form like Orfhoceras, and the other a
slightly curved form. The species of the list are geograph-
ically wide-ranging forms and, according to Ulrich, are
restricted to limestone and dolomite formations somewhat
younger than the Beekmantown at Beekmantown, N. Y.

The Newala may be compared with the reef deposits at Fort
Cassin, in Addison County, western Vermont, and with the
overlying division E of the Beekmantown of Champlain Val-
ley; it is older than the St. Peter sandstone of Mississippi
Valley and the lowest beds of the Chazy group of New York.

ODENVILLE LIMESTONE

Name.—The name Odenville limestone has been given to
beds lying between the Newala limestone below and the base of
the Mosheim limestone, the basal formation of Chazy age.
Whether the Odenville succeeds the Newala without a break
is unknown.

Distribution and echaracter.—The Odenville limestone is
exposed only in a cut or borrow pit on the north side of
the Seaboard Air Line Railway about one-third of a mile east
of Odenville, 8t. Clair County. It is an impure argillaceous
and siliceous dark fine-grained cherty limestone about 50 feet
thick. No other exposure of this limestone is known, but its
fossils have been found at the same horizon—just above the
Newala limestone—at several places in Cahaba Valley between
Leeds and Saginaw, in Shelby County.

Age and correlation.—This bed is of great interest on
account of its fossils, all of which appear to be undescribed
species. A unique form is a species of Chifon or of a closely
related genus. The most abundant form is an operculum
of some unknown but rather large gastropod, probably a
Maclurea. There are two forms of orthoceroids and at least
one species each of two new genera of brachiopods, for which
Ulrich (unpublished wmanuseript) has proposed the names
Deltatreta and Tajfia. There are two or three genera of trilo-
bites represented by one species each, a Goniurus, a Cybele,
and possibly a Hysfrieurus of. H. conicus=Bathyrus conieus
(Billings). There is a good-sized species of Maclurea with
its operculum and one or two species of sponges. Further
description of this fauna is contained in the publication cited
in footnote 5 (p. 3).

According to Ulrich and Foerste most of the forms men-
tioned except Maclurea are of types not known above the
Beekmantown elsewhere. The Goniurus is a Beekmantown
form occurring in Canada, and the brachiopods occur in the
upper part of the Arbuckle limestone of Oklahoma in beds
assigned by Ulrich to the Beekmantown. The orthoceroids

have features not known in such forms of an age younger than |

Beekmantown, and the same is true of the sponges. The
Odenville is therefore regarded as of late Beekmantown age.

UNCONFORMITY BETWEEN ODENVILLE AND MOSHEIM LIMESTONKS

As shown in the preceding paragraphs, the Odenville lime-
stone carries fossils by which it is correlated with the upper
part of the Arbuckle limestone of Oklahoma. Locally in
Oklahoma, however, according to Ulrich, there is above the
massive limestones of the Arbuckle formation 500 to 1,000 feet
of shale that carries graptolites of pre-Chazyan age. This
shale is followed above by the SBimpson formation, which in
addition to beds of older and younger age, also includes beds
corresponding in age to the Mosheim limestone, which suc-
eeeds the Odenville limestone. In Alabama, however, there is
no shale eorresponding to that above the massive limestones of
the Arbuckle in Oklahoma, mentioned above, and further the
well-known still younger St. Peter sandstone of the Mississippi
Valley and the associated beds are ahsent in Alabama. If
present in Alabama these beds would also lie between the
Odenville and Mosheim limestones, so that there is an uncon-
formity between the two which would be measured by the
thickness of the absent strata amounting to 1,000 feet or more.

MOSHEIM LIMESTONE

Name and definition.—Throughout the Appalachian Valley
in Tennessee and much of Virginia the limestone of Beekman-
town age that corresponds in part at least, to the Newala lime-
stone and that forms the upper part of the Knox dolomite is
overlain by the Mosheim limestone, named by Ulrich from
Mosheim, on the Southern Railway, about 6 miles west of
Greeneville, Tenn. This limestone is lithologically and faun-
ally a well-defined unit, which in Tennessee is separated from
the overlying Lenoir limestone by an erosional unconformity.

Distribution.—~In Alabama the Mosheim has been certainly
recognized in the vicinity of Odenville, in Cahaba Valley
about 18 miles northeast of the north margin of the Vandiver
quadrangle, where it is exposed in a borrow pit on the Sea-
board Air Line Railway, half a mile east of the town. Here
the Mosheim is directly overlain by 400 to 500 feet of Lenoir
limestone and iz underlain by the Odenville limestone. The
Mosheim is also exposed in the west side of the quarry of the
cement plant at Leeds and at Newhope Church in Cahaba

alley 7 miles northeast of Pelham. As it is also present 4
miles southeast of Shelby in the Columbiana quadrangle south
of this area, it is probably present throughout this region.

Character.—The Mosheim is a pure thick-bedded blue or
dove-colored limestone that has conchoidal fracture. It forms
a white chalky crust on weathering. In places it is highly
fossiliferons. It differs from the Lenoir limestone, which is
dark, finely crystalline, and argillaceous and which, in places,
in large part has erumbled to small fragments.

Thickness.—At Odenville the thickness of the Mosheim
limestone is about 50 feet.

Age and correlation—The Mosheim is in places full of
gastropods of Ordovician types, large high-spired Lophospiras
being prominent. At Odenville individuals are numerous,
and perhaps a dozen species are present. This fauna is
entirely or mostly undeseribed, but it is clearly of early Chazy
age. Until, however, the fossils have been identified and com-
pared it is not possible to make definite correlations with
recognized formations in other parts of the country.

LENOIR LIMESTONE

Name.—The Lenoir limestone was named by Safford and
Killebrew in 1876, from Lenoir City, Tenn., which is situated
on the outerop of the formation. It unconformably overlies
the Mosheim limestone, which, however, together with the
Odenville limestone, is rarely exposed, so that the next lower
formation seen is the Newala limestone, from which the Lenoir
is sharply distinguished by a conglomerate locally and by a
change in lithology and fossils. In Cahaba Valley south of
Pelham the Lenoir is limited above by the easily recognized
black Athens shale.

Distribution.—The Lenoir crops out in a band 500 to 1,200
feet wide along the west base of Little Oak Ridge for the full-
length of Cahaba Valley in these quadrangles, and in the
Vandiver quadrangle north of Newhope Church a fault has
made two belts of outerop separated by a ridge of Longview
limestone and Chepultepec dolomite. The base of the Lenoir
can be traced by the conglomerate along the east side of the
Louisville & Nashville Railroad the entire distance from Pel-
ham to the south margin of the Bessemer quadrangle.

Charaeter.— The Lenoir is predominantly dark, thick-
bedded, rather finely crystalline limestone, but dove-colored
compact layers occur. A peculiarity is the network of narrow,
veinlike gray bands of about 1 inch mesh on weathered sur-
faces of the layers. These bands are apparently formed by
clayey impurities that have been segregated into intersecting
thin layers in the caleareons matter which makes up most of
the layer. Between Pelham and Alabaster the lower beds
of the Lenoir are conglomeratie, with subangular and well-
rounded chert, quartzite, and limestone pebhles the largest of
which are half an inch in diameter, These pebbles are largest
and most numerous and occur through the greatest thickness
of rock at the south margin of the Bessemer quadrangle, where
the photograph shown in Plate VII was taken. At the

“same locality there is, possibly 100 feet below the limestone

conglomerate, a mass of coarse conglomerate of unknown but
probably small extent, which is composed of quartzite pebbles
as much as 3 inches in diameter, with just enough fine material
for cement. Southward and northward from this locality the
number and size of pebbles in the basal Lenoir decrease, and
just north of Pelham only a few small angular fragments,
apparently of chert, occur in a 2-foot layer of limestone. The
hasal beds of the Lenoir are also cherty in places, and a few
dark irregular inclusions of chert occur throughout the mass.

Thickness.—The thickness of the Lenoir is about 500 feet in
the vicinity of Pelham and Keystone but appears to be as
much as 700 or 800 feet in the northern part of the Vandiver
quadrangle.

Age and correlation.—Maclurea magna is a common fossil
throughout the Lenoir limestone in these quadrangles. This
fossil ocenrs along the Appalachian Valley northward to north-
eastern New York and northwestern YVermont, where it seems



to be confined to the part of the Chazy group now known as the
Crown Point limestone. This evidence seems sufficient ground
for the correlation of the Lenoir with the middle Chazy. It is
also correlated with the Pierce and Ridley limestones of the
Stones River group of the Nashville basin, Tenn., Maclurea
magna having been found in the Ridley, according to Safford
and Ulrich.

UNCONFORMITY AT TOFP OF LENOIR LIMESTONE

Cahaba Valley appears to contain no representative of the
Lebanon limestone of the Stones River group of Tennessee,
which overlies the Ridley limestone, nor of the Holston mar-
ble, both of which, in a complete section, would intervene
between the Lenoir and the Athens shale. There is, therefore,
between the Lenoir and Athens in Alabama a gap represented
by 700 feet or more of limestone that oceurs in parts of Ten-
nessee. Furthermore the Athens shale is absent at Pelham
and northward, so that the gap between the Lenoir and Little
Oak limestones is equivalent to 1,200 feet of shale and lime-
gtone or, if the maximum thickness of the Athens in Ten-
nessee—:3,000 teet—is regarded, the gap represents a much
greater thickness of rocks and a greater length of time.

ATHENS SHALE

Name.—The Athens shale was named by Hayes'® from
Athens, Tenn., where it is strongly developed.

Distribution.—There are but two small areas of the Athens
in the quadrangles—one along the west base of Little Oak
Ridge from Keystone to the south margin of the Bessemer
quadrangle and one on the Page Spring anticline in the south-
enst corner of the Vandiver quadrangle. The Athens does not
extend far north of Keystone, for at Pelham the Little Oak
limestone, overlying the Athens, is in contact with the Lenoir
limestone.

The only exposure of the Athens seen in this area is at the
west base of the Fort Payne chert ridge in the road half a mile
southeast of Keystone, in the Bessemer quadrangle. In the
Montevallo quadrangle, to the south, it is exposed at a number
of places, the nearest to this area being on the Birmingham road
about a quarter of a mile south of Alabaster. Just south of the
Louisville & Nashville Railroad, about a quarter of a mile south
of Siluria, 100 feet or more of dark shale and thin limestone
was once exposed but has been covered up in grading the road.

Character—The Athens shale iz mostly black or dark
from carbonaceous matter and probably is caleareous. It
includes thin layers of dark limestone. Some layers are suffi-
ciently ferruginous to weather brown, and locally there is at
the top a layer of green shale a foot or two thick. A very
noteworthy feature is the presence of great numbers of grapto-
lites (listed below) that represent a considerable range of species.

Thickness—At the outerops just noted a thickness of several
hundred feet is indicated. At Simpson Spring, in the Monte-
vallo quadrangle, 2} miles northwest of Calera, where the
opportunities for measurement are best, the Athens iz 300 to
500 feet thick.

Age and correlation.—Considerable collections of graptolites
have been made from the Athens shale of this region.
Although these collections have not been thoroughly studied,
the following species have been identified by Ruedemann and
Ulrich :

Climacograptus ef. C. putilus Digranograptus near I). contortus

(Hall). | Runedemann.,
*Cryvptograptus tricornis (Car- ! *Didymograptus sagitticanlis Hall,
riathers). | =Diplograptus folinesus wvar. ala.
Digellograptus  swithi Ruoede- bamensis Ruedemann.
AT, | ®Flossograptus eilintus Emmons.

Dicellograptus moflatensis var. Leptograptus flaceidus,

alabanensis Buedemann,™ | Nemagraptus gracilis var. sureo-
Dicellograptus mensurans Ruede- | laris Hall.

AN, | Retiograptus geinitzianos Hall. 4
*Dicranograptus nicholsoni var.

parvangulatus Guarley.

All these species oceur in the Normanskill shale of New
York, which proves that formation to be of the same age as
the Athens shale. The five species prefixed by an asterisk (%)
ocenr also in the Womble shale in Arkansas, with which the
Athens is accordingly correlated.

Some of the species listed are of world-wide distribution, being
found in the northwestern part of the United States, in Eng-
land, in Scotland, and in Australia, thus proving that in Athens
time these remote parts of the earth were connected by water
under conditions favorable to the propagation and migration of
graptolites.

Besides graptolites the Athens has yielded a considerable
number of species of brachiopods and trilobites, which have
not been carefully studied. Probably most of the species are
undeseribed.

UNCONFORMITY AT BASE OF LITTLE OAK LIMESTONE

As shown in the deseription of the Athens shale, the Little
Oak limestone is unconformable upon the Lenoir limestone in
the northern part of Cahaba Valley. The true extent of this

'* Hayes, C. W., U. 8. Geol. Burvey Gecl. Atlas, Kingston folioc (No. 4),
1894,
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unconformity is unknown. It depends upon the age of the
Liattle Oak. If it is older than the Tellico sandstone the
unconformity is measured by the Holston marble and Athens
shale. If it is younger than the Sevier shale the unconformity
is measured by the Holston marble, Athens shale, Tellico
sandatone, and Sevier shale, which have a combined thickness
of 7,000 feet or more.

LITTLE OAK LIMESTONE

Name~—The Little Oak limestone was named from Little
Oak Ridge, a prominent feature of Cahaba Valley north of
Pelham, in the Bessemer quadrangle. The limestone crops out
on the west side of the ridge and extends to the crest.

Distribution.—The Little Oak limestone is persistent along
the west escarpment of Little Oak Ridge from Pelham to the
north margin of the Vandiver quadrangle. Immediately
north of Pelham its outerop is repeated by faults, so that there
are three long, narrow areas of it. The best exposure is on
the point of a prominent synclinal spur 1} miles southwest
of Newhope church, just on the west side of the Vandiver
quadrangle. It is also well exposed in the Atlanta, Birming-
ham & Atlantic Railway eat and adjacent thereto just east
of Pelham. The limestone is prominently exposed and appar-
ently of full thickness in the high knobs south of Peavine
Creek, half a mile southeast of Pelham. It thins out south-
ward from Pelham by loss of beds from the top, so that at the
northern margin of the Montevallo quadrangle, to the south,
only the bottom 100 feet or so remains, and farther south, about
1 mile southeast of Siluria, it wedges out, the Frog Mountain
sandstone, overlying the Little Oak to the north, being in
contact with the Athens shale. Evidently the Little Oak in
the area just outlined was beveled off by erosion in the long
interval that preceded the deposition of the Frog Mountain
sandstone. In the Page Spring antielinal area, in the south-
eastern part of the Vandiver quadrangle, chert with Ordo-
vician fossils ( Pleclamboniles, Orthis tricenaria?, and Plery-
gomelopus), mingled with chert with Mississippian fossils
( Platyerinus), indicates the presence of limestone regarded as
probably Little Oak.

Character.—The Little Oak limestone is composed of dark
fine-grained thick-bedded cherty and earthy limestone. The
chert occurs as irregular plates or nodules, arranged in definite
planes. A very characteristic feature is the pattern taken by
the earthy impurities on weathering, the exposed surfaces
of the limestone beds being covered by a network of gray
earthy ridges an inch or two wide, inclosing in their depressed
meshes patches of clear blue limestone the largest of which
are the size of the hand. (See Pl. XVI.) This character
is especially prominent at the top of the limestone, just
below the Fort Payne chert, from Pelham northward for 3

_ miles or more.

Along the west side of the Fort Payne chert ridge south of
Pelham and into the Montevallo quadrangle the lower part of
the Little Ouk is partly made up of highly argillaceous layers,
which tend to break up into shaly débris on weathering. Tt
probably also includes layers of shale. Some of the argilla-
ceous limestone is banded with pinkish layers. The character
of the lower part of the Little Oak suggests continnous deposi-
tion from the Athens, but as the Tellico sandstone of Ten-
nessee, the stratigraphic position of which is probably between
the Athens shale and the Little Oak limestone, is not repre-
sented in the region, the appearance is deceptive.

Thickness—The greatest thickness of the Little Oak lime-
stone probably does not exceed 400 feet, which it appears to
reach in the northern part of the Vandiver quadrangle. At

—=* Pelham its thickness is not over 250 feet.
—»  Age and correlation.—The Little Oak limestone has yielded

a considerable number of fossils, and the general character of
the fauna is indicated by the subjoined list.

The basal part of the formation is, locally at least, very
fossiliferous, and the fossils oceur in chert, which is derived
perhaps from highly argillaceous or siliceous layers of lime-
stone. The following fossils have been identified :

Nidulites sp. 1
Receptacunlites p. ¥
Christinnia near C. trentonensis

Rafinesguina sp.
Btrophomena n. sp. ?
Ambonyehia sp. ¢

ERuedemann. Maclurites sp.?
Christiania, lamellose sp., proba- Tetranota of. T. obsolefa,
bly new, Twoenty or more species of gastro.

Orthis erassicosta Butis. Resem-
bles O panderiana (Hall and
Clarke) = . orthambonites
Billings.

Dalmanalla fascieulata Buatts,

Three genera of orthoide sug-
resting Dalmanella, Hebertel-
la, and Pianodema. |

Plectambonites near P. pisum |
Ruedemann. |

pods, incloding species of Bu-
cania and Trochonema.
Ilaenus sp. 1
Lichas?
Pterygometopus sp.?
Sphaerocoryphe sp.
Leperditia ovalis Butts.

The fauna of the Little Oak limestone is unique and as yet
has yielded but little information beyond the fact that it is
probably of latest Lower Ordovician age. So far it has failed
to reveal a single species that is certainly identical with any
described form. The Christiania and Plectambonites near P.
pisum closely resemble C. frenfonensis and P. pisum, respec-

tively, from the Rysedorph conglomerate near Albany, N. Y.,
but until the Alabama specimens are critically compared with
the type specimens and found to be the same it is unsafe to
identify them with the species named. Both species have
been identified by Ulrich from the Chambersburg limestone
of Pennsylvania, but he is not certain that they are really
those species or the same as the Alabama species. Orthis
erassicosla agrees very closely with the figure and deseription
of the. form described by Billings under the name Orthis
orthambonites (= 0. panderiana Hall and Clarke), a Beekman-
town species. A few of these fossils are figured in “Geology
of Alabama,” recently published by the Alabama Geological
Survey.

The Little Oak limestone has been iraced northeastward
Into northwestern Calhoun County, half a mile south of Reads,
where it is overlain by red shale known from its fossils to be
of Lowville age. This oceurrence, in connection with its rela-
tions to the Lenoir limestone and Athens shale, definitely
fixes its age as upper Chazy and younger than the typical
Chazy of New York. As it lies within the same stratigraphic
limits as the Tellico sandstone and Sevier shale of the Knox-
ville region, Tennessee, it is regarded as equivalentto some
part of those formations, probably to part of the Sevier.

BIRMINGIIAM VALLEY

UNCONFORMITY AT BASE OF CHICKAMAUGA LIMESTONE

In Birmingham Valley the Chepultepec dolomite and the
Longview and Newala limestones are absent, so that the Chick-
amauga limestone, including locally the Attalla conglomerate
member at the base, was deposited upon the eroded surface of
the Copper Ridge dolomite.

CHICEAMAUGA LIMESTONE

Name.—The name Chickamauga limestone was introduced
by Hayes'® from Chickamauga Creek, east of Chattanooga,
Tenn., along which the limestone is typically developed.

Subdivisions.— In the Chickamauga of this area are included
three members—the Attalla conglomerate, locally developed at
the base; next a shale, also local; followed by the limestone
that composes the main mass of the formation. On Red
Mountain, at a few points between Birmingham and Bessemer,
slabs of a soft ferruginous and caleareous, highly fossiliferous
sandstone were collected at the top of the Chickamauga lime-
stone. No exposures of this rock were seen, but there can be
only a small thickness and small patches of it, for in some
exposed sections it is not present. The fossils collected from
this sandstone are of Lorraine age. In northern Alabama the
Chickamauga limestone ineludes still younger beds, of Sequat-
chie (Richmond) age, but those beds are absent in the Bessemer
and Vandiver quadrangles.

Distrifution.—The main area of the Chickamauga is the
belt extending along the whole length of the west escarpment
of Red Mountain. There is a small wedge-shaped area on
West End Mountain, west of Bessemer, and a small area of the
basal red and purple beds, both shale and limestone, at
Interurban Heights on the electric railroad about midway
between Birmingham and Bessemer. A single small exposure
was seen at the base of one of the small outliers of the Red
Mountain formation on Flint Ridge half a mile north of
Walnut Grove, in the SE. } sec. 14, T. 18 8, R. 4 W. Only
a thin layer of Chickamanga limestone can be present here,
however. The basal mottled layers are also exposed in the
street leading up to Mountain Terrace, Birmingham, where
they are in immediate contact with the Copper Ridge dolomite;
and at Sloss No. 1 mine, Bessemer, where they are separated
from the Copper Ridge by the shale member, there about
100 feet thick. These variegated layers in the base of the
limestone mass of the Chickamauga appear to be a constant
feature, for they have been observed from Foster Mountain, 15
miles northeast of Birmingham, to a point several miles south-
west of Bessemer,

Character.—The Chickamauga is mainly a limestone, the
layers of which range from an inch or two to 2 feet or more in
thickness. (See Pls. VIII, IX, and X.) Most of the mass is
medium grained, but there are layers of lithographic texture.
As a rule the color is dove-gray or dark gray, but locally the
basal layers are purple or mottled with purple. In some
places these layers are highly argillaceous or even become a
slightly calcareous and compact red shale or mud rock. Near
the top of the formation 1s a layer of voleanic ash or tuff about
2 feet thick.

The detailed section of the Chickamauga as exposed at
Mountain Terrace, in the northeast environs of Birmingham,
which is given on page 7, shows its general character. (See
also fig. 3, section 1.)

Below the main mass of limestone occurs locally a rock that
weathers to the consistency of dry mud and that, in the
unweathered condition, iz probably a thin-layered caleareous
mud rock. This rock, which may be called a shale, carries

13 Hayes, C. W., Geol. Boe. Ameriea Bull., vol. 2, p. 143, 1891 (paper read
at meeting of December, 1500); T. 8. Geol. Survey Geol. Atlas, Chatta-
nooga folio (No. 6), 1804



Lingulas as much as 1 inch long and half an inch broad. It
is exposed at the intersection of Fourteenth Street and Four-
teenth Avenue, South Birmingham, and near Sloss No. 1 mine,
Bessemer. At this place 50 feet is exposed, and the bed is
probably at least 100 feet thick; below it is the Attalla con-
elomerate, and above it 50 feet of purple mottled limestone.

Section of Chickamange Hmestone at Mountoin Terrace, Birmingham, Ala.

Red Mountain formation,
Chickamanga limestone:

Beds of lower Trenton age (P1L X): Foat
Limestone, thick layered, blnish, finely crystalline,
full of Plectambonites eurdspillensis_______ ... 2
Limestone, thin layered . .cceeeeeeccicee___- B
Limestone, thick layered .. e 2

Limestone, thin layered, finely erystalline, com-
pact, blue; shale partings_______________________ 2]
Limestone, medium thick bedded, coarse and fine
grained, compact, bluish, cherty; black chert
layers as muoch as 3 inches thick; trilobites and
Plectambomites in bottom ______ e eaaan b
Limestone, eobbly or nodular, argillaceons matrix;
free fossils, Conradelin, Hucania _. L Ee ] ]
Limestone, evenly thin layered ________.______.... 8
Yoleanie ash or tufl (bentonite)
Limestone with large Pleclambonites and Hater-
erthis clylie Hall; of basal Trenton age....__.. . 2
Beds of upper Black River age:
Limestonse, medinm thick bedded, cherty, coarsely
eryvstalline, weathers chalky, somewhat cobbly
or rough surfaced, dove-colored or bluish gray;
containg Orthis fricenarie, Planodema (Dal-
manelle) subequate, Caraboerinug, Chiton. In
this division, too, on Twentieth Street Road 2
miles southwest of Mountain Terrace, Stroma
toperfum rigosim and Eolemarie prisea, two
good Black River fossils, were eollected within

10 feet below the bentonite bed ______ __________ 3
TR 4 e B T B C R o O (N ST M SRR
Beds of Lowville age (PL IX):
Limestone, in old quarry, thin bedded. ... 20+
Limestone, in old quarry, thiek bedded. . _.___. HIESS
Limestone, nodalar or cobbly, fossils_______.___... 1%
Uneonformity {Athens shale, Holston marble, Tellieo
gandstone, and typical Sevier ghale abzsent).
Beds of Stones River age:
Limestone, thick bedded ____.___ .. ... HHES
Limestone, shaly, cobbly_____.___ __ ___________.__ &
Limestone, thick bedded; many gastropods ______ ELES
Limestone, thick bedded; mottled purplish, basal
o el SO St TR o T SO
Copper Ridge dolomite (thick-bedded, densely cherty
dolomite). -
1042

Thickness,—The thickness of the Chickamauga in the Bes-
semer quadrangle probably does not exceed 250 feet, but
exact measurement is diffieult. The thickness differs from
place to place. The thickness above the bentonite bed is 30
feet at Mountain Terrace and apparently only about 10 feet on
Twentieth Street Road, Birmingham. Variationz in thickness
would result from the unconformities within its mass. At
Birmingham a fairly careful measurement gives 194 feet, as
ghown in the section above, but the basal shale and the Attalla
chert conglomerate ave absent at the point where this section
was measured. In Tennessee beds included in the Chicka-
mauga in places aggregate a much greater thickness.

Attalle chert conglomerate member—The Attalla chert con-
glomerate member, named in the Birmingham folio from
Attalla, Ala., is composed mostly of rather small angular frag-
ments of chert embedded in a matrix composed of comminuted
chert. In places it includes well-rounded quartzite pebbles, the
largest of which are 4 or 5 inches in diameter. It occurs in
small isolated areas, as in Birmingham, on Cemetery Ridge and
at the intersection of Fourteenth Street and Fourteenth Avenue
in SBouth Highlands, where it has been exposed in grading a
street; near West End, in a conspicuous little knoll about 500
feet southeast of the Alabama Great Southern Railroad; at
Woodward and Brighton; and at several places in the Salem
Hills, southwest of Bessemer.

The thickness of the Attalla differs considerably from place
to place, but in general there is nothing to indicate that it is
anywhere more than 20 to 40 feet thick.

The Attalla lies upon the eroded surface of the Copper
Ridge and Ketona dolomites and in plices upon the edges of
their upturned and eroded beds. A mile or so south of Bir-
mingham a low knoll of the Attalla rests on the Conasauga
limestone, Nowhere, so far as known, is the conglomerate
overlain by rocks older than Chickamauga. It is possible
that some areas of the Attalla were deposited in old caves or
underground watercourses in the dolomites in the period when
the region was above sea level, preceding the deposition of
the Chickamauga, or even in Mesozoic time. In places, how-
ever, it iz a bedded deposit dipping beneath the Chickamauga.

Voleanic ash (bentonite).—The presence of a layer of voleanie
ash in the uppermost part of the Chickamauga of this region
first came to light in sinking the Woodward shaft to the Big
seam of iron ore 3 miles southeast of Bessemer. Near the
bottom of the shaft a 20-inch layer of gray crumbling rock
attracted the attention of J. A. Udden, geologist of the Ten-
nessee Coal, Iron & Railroad Co. BSamples were taken and
submitted to E. 8. Larsen, of the United States Geological
Survey, who reported upon the rock as follows:

The rock iz made up very largely of rather coarsely erystalline
montmorillonite with several per cent of orthoclase, less of magnetite,
quartz, and biotite, and accessory apatite and zircon. It is without
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doubt an altered rhyolite tuff’ and is similar to the bentonites of the
western United States. The montmorillonite is probably derived
from the glass of the original tufl,

The ash bed was later identified by Wilbur A. Nelson, State
geologist of Tennessee, on Red Mountain at Birmingham,
where on the Twentieth Street Road it appears to be about 10
feet below the top of the Chickamanga. (See Pl. XVIIL.) He
identified it also on Mountain Terrace road, where it is 31 feet
below the top of the Chickamauga, as shown in the section
at the left and in Plate X. At both these points and in the
Woodward shaft it is associated with Plectamboniles curdsvillen-
ats, which occurs above and below it. Close below it on
Mountain Terrace, however, are still other fossils, as listed in
the section. Plectamboniles curdsvillensis is a form peculiar to
the limestone in Kentucky known as the Curdsville limestone,
of basal Trenton age. The circumstances would seem to indi-
cate that the ash bed was deposited in Alabama in the early
part of the Trenton epoch. Veleanic ash in the same strati-
graphic relations is now known at points as far north as south-
ern Ohio and central Pennsylvania. Evidently there were
active voleanoes in early Trenton time near enough for the
ash to be transported into Alabama either by air or by water.
In central Pennsylvania thin beds of voleanic ash occur in
limestone of Chazy age also, and in Alabama at Ragland such
beds have recently been discovered in the Little Oak limestone,
also of Chazy age.

Age and covrelation.—About the lower half of the Chicka-
mauga limestone in this avea represents the Stones River group
of middle Tennessee, which is equivalent to part of the Chazy
group of New York. The Lenoir limestone of Cahaba Valley
is believed to be represented in the lower half of the Chicka-
mauga. The upper part of the formation in the knobs to the
southwest of Blount Mountain in the Birmingham quadrangle
and at Birmingham contains a good fauna of Black River age,
and at the top of the formation in both localities limestone of
Trenton age occurs in thicknesses ranging from 10 to 50 feet.
(See sections, p. 8.)

The fossils of the following lists, collected mainly in the
Birmingham quadrangle and identified by Ulrich, are the
basig of the statements made above:
| Rafinesquina minnesotensis var,

[  N. H. Winchell.
Rafinesquina ofl. K. deltoiden

Corynoides n. sp.
Solenopora compacta (Billings).
#etradinm syringoporoides

Tlrich. Conrad.
#Batostoma libana Safford. Ehynehotrema minnezotengis Sarde.
FEridotrypa afl. I. aedilis (Eich- BOII,
wald). *Rhynchotrema plena (Hall):
*¥Eseharopora aflf, B, ramosa *Cyrtodonta aff. C. billingsi Ulrich.
Ulrich. Bucania afl. B. lindsleyi Safford.
#Hacharopora aff. E. briarens letomaria aff. E. dryope Billings.
Ulrich. *Helicotoma tennesseensis Ulrich

and Seofield.
*Liospira progne (Billings).
*Lioegpira snbeoneava Ulrich.
*Lophospira perangulata (Hall).
Lophospira bicineta (Hall).

#Nicholsonella pulehra Ulrich.
*Pachydictya aff. P. robusta

Ulrieh.

Prasopora aff. P. contigua Ulrich.
Rhynidietya nicholsoni Ulrich.
Rhynidietya trentonensis Ulrich. | Vanoxemia 2 sp.

Dalmanella aff. D). hamburgensis | *Salterella billingsi Salford.

{Walcott). | Aparchites trentonensis Ulrich.
Pianodema (Dalmanealla) sub- | Bythoeypris aff. B. robusta Ulrich.

equata (Hall and Clarke). | *Isochilina aff. I gregarin (Whit-
Dalmanella aff, I), testudinaria | field).

Conrad. ®luochilina aff. 1. ottawa (Jones).
Dinorthis aff. D). germana (Win- | Krausella aff. K. inequalis Ulrich.

chell and Sehuchert). Leperditia fabulites-pinguis Conrad,
*Hebertella afl, H. bellarugosa Ulrich var. -

(Conrad). | *Leperditella inflafa Ulrich,

Orthis tricenaria Conrad. Bathyurus aff. B, extans (Hallj.
#Plaptambonites subearinatus | Tzotelus maximus Locke?

Ulrich MS.? Isotelus afl. 1. gigas Dekay.
Rafinesquina inerassata (Hall). , | *Illaenus aff. 1. consimilis Billings.
Rafinesquina aff. K. alternata Prorvgometopus aff. P. intermedins

(Emmons). (Waleott).

The fossils whose names are preceded by an asterisk (*) are
known only from beds of Stones River age. Most of the
others are probably distinct species whose nearest relatives are
the described species named. Ulrich recognizes, through these
fossils, representatives of the four lower formations of the
Stones River group, namely, in ascending order, the Mur-
freesboro limestone, Pierce limestone, Ridley limestone, and
Lebanon limestone.

In Birmingham Valley in the Bessemer quadrangle and
elsewhere there do not appear to be any beds equivalent to the
Holston marble, Athens shale, Tellico sandstone, and typical
Sevier shale (=Ottosee shale of Ulrich) of Tennessee and the
Little Oak limestone of Cahaba Valley, aggregating as a max-
imum 6,000 to 8,000 feet of strata of late Chazy age. The
absence of these strata makes a great unconformity between
the Stones River and Black River parts of the Chickamauga
limestone of this area. The exaet position of this unconform-
ity is not certainly determined, but it is at least about 90 feet
below the top of the beds of Black River age and is believed to
be at the horizon of the thin rubbly limestone and coral reef
shown in Plates VIII and IX. The beds immediately above
this rubbly layer are of Lowville age, but it is not yet proved
that the immediately underlying limestone is of Stones River
age, although that is probable from the different character of the
limestone and from the fact that Stones River fossils have been
collected at the quarry shown in Plate IX from beds extending
from the bottom of the Stones River equivalent upward appar-

"

ently high enough to include this limestone. The occurrence
of coral reefs at this horizon, as shown in Plate VIII, may
indicate a break.

The Black River fossils from the upper half of the Chicka-
mauga limestone consist of the following forms:

Rhynchotrema minnesotensis Sar-
deson.

Rafinesquina alternata Emmons.

Rafinesguina incrassata Hall,

Cliftonia occidentalizs Butts.

| Strophomena incarvata (filitexta)
(Shepard).

Vannxemia crassa Ulrieh?

Conradella sp. ¥

Ectomaria prisca (Billings)?

Ctenobolbina suberasgsa Ulrich.

Euryehilina sabradiata Ulrich.

Eurychilina obega Ulrich.

Hehmidiella erassimarginata Ulrieh.

Leperditella germana (Ulrich).

Bathyurug gpiniger {(Hall).

Buamastus trentonensizs Emmons.

Pterygometopus callicephalus (Hall).

Solenopora compacta (Billings).
Stromatoceriom rogosum Hall
Camarocladia rogosa Ulriel.
Tetradinm cellulosnm (Hall),
Cryptophraginns antigquatus
Ravmond-—Beatricia gracilis
Ulrich M&,
Anolotichia impolita Ulrich.
Monotrypa magna Ulrich.
Phyllodictya varia Ulrich.
Escharopora confloens Ulrich.
Orthis tricenaria Conrad.
Dalmapella aff. D, hamburgen-
giz Waleott.
Pianodema (Dalmanalla) sub-
equata (Hall and Clarke).
Dinorthis deflesta (Conrad).
Rhynechotrema plena (Hall).

According to Ulrich, Tetradium cellulosum, Cryptophrag-
mus antiquatus (Bealricia gracilis), Escharopora confluens,
Phyllodictya varia, Schmidlelle crassimarginata, Clenobolbina
suberassa, and Bathyurus spiniger are known only in beds of
early Black River or Lowville age. The Clifionia is a rare
representative of a fauna which usually iz confined to the
eastern belt of the Appalachian Valley from Canada to
Alabama.

The 45 feet of granular limestone that forms the top of Foster
Mountain, from which came all but one of the following fossils,
and 10 to 30 feet of thin-bedded limestone in Red Mountain,
at Birmingham, represent the Trenton limestone of New York.

Dendrocrinus acutidactylus Bill- | Rhynehotrema of. R, inercbescens

ings. (Hall).
Pachydictya aff. P. acuta (Hall). | Plectambonites curdsvillensis
Rhinidictya neglestat Ulrich. | Fuoerste.

Dinorthis aff. 1. holstoni
(Ballord).

Dinorthis pectinella (Emmons).

Rafinesquina alternata (Em-
TGS,

dygospira recurvirostris (Hall).
Izsotelus maximus Locke,
Enerinurns vannulus Clarke.

Plectambonites curdsvillensis, according to Ulrich, is char-
acteristic of beds of basal Trenton age in Kentucky and
elsewhere. It oceurs in the section at Mountain Terrace,
Birmingham, The same form associated with Dalmanella
lestudinaria is present in the topmost 8 feet of the Chicka-
mauga in the bottom of the Woodward shaft in Shades Valley
3 miles southeast of Bessemer. The Trenton part of the
Chickamauga in the Bessemer quadrangle therefore corre-
gponds to only the base of the Trenton elsewhere.

The slabs of soft ferruginous and ealeareous highl:,r foesilifer-
ous sandstone collected at the top of the Chickamauga lime-
stone on Red Mountain, at a few points between Birmingham
and Bessemer, contain the fossils listed below, which were
identified by Ulrich. These fossils show this sandstone to be
of early Lorraine age and to correspond to the Eden shale of
Ohio and Kentucky. It is the sole representative of the
Cincinnatian series in the district.

Cornulites (Conchicolites) corru- | Rafinesquina alriehi (James:.

gatus ( Nicholson). I Calywene eallicephala Green.
Dalmanella multiseeta (Meek). | lsotelus maximuos Locke.
Dinorthis ef, I, retrorsa (Salter). | Lepidocoleus jamesl Hall and Whit-
Pholidops cincinnatiensis Hall. | field.

UNCONFORMITE AT TOF OF THE QRDOVICIAN

In Birmingham WValley there is a great stratigraphic gap
between the Chickamauga and the overlying Red Mountain
formation, and in Cahaba Valley between the Little Oak lime-
stone and the overlying Frog Mountain sandstone. In Bir-
mingham Valley all the rocks of Trenton age, except a few
feet of hasal Trenton, and all the rocks of Cincinnatian age,
except locally a few feet of early Lorraine (Eden) age, are
absent, and in Cahaba Valley, in addition, the entire Silurian
system and all of the Devonian system below the Frog Moun-
tain sandstone are absent. In Ohio, New York, and Penn-
sylvania, wliere rocks of these ages oceur, their aggregate
thickness is 5,000 feet.

BILURIAN SYSTEM

The Silurian system is represented in this area only by the
Red Mountain formation.

RED MOUNTAIN FORMATION

Name~The name Red Mountain “group” of Tuomey
embraced all the rocks from Cambrian to basal Carboniferous
inclusive that erop out in Jones and Opossum valleys. Smith,
however, restricted the name Red Mountain to the Silurian
formation. These rocks have also been called Clinton forma-
tion and Rockwood formation. However, as the fossils show
that the part of the Red Mountain above the bottom of the
Big seam of iron ore is of Clinton age and the part below the
Big seam is of upper Medina age, and as the rocks are litho-
logically similar throughout, so that it is not desirable to
separate them into two formations, Smith’s very appropriate
name Red Mountain formation is adopted for them.



Distribution.—The formation crops out along the crest of
Red Mountain and extends below Shades Valley and the
Cahaba coal field eastward to the great Helena fanlt. This
area contains the largest exposures of the formation and also the
main known body of workable iron ore. The formation is not
present in Cahaba Valley, where its horizon is included in the
unconformity between the Little Oak limestone and the Frog
Mountain sandstone. There are small outliers of the formation
along the erest of Flint Ridge and a narrow strip in the fault
block south of Wylam. There is a considerable area in West
Red Mountain. As shown by bore holes, the formation
extends westward beneath the Warrior coal field for at least
10 miles, but its western limit is not known,

Character—The Red Mountain formation is composed of
sandstone, shale, iron ore, and a very little limestone, Sand-
stone is the largest constituent. The sandstone above the Big
seam of iron ore (Clinton part of the Red Mountain) is thick
bedded, fine grained, largely ferrnginous, and hence red and
hard, but some that contains less iron oxide is yellowish and
softer. Most of it is only slightly or not at all fossiliferous.
One bed (Hickory Nut ore seam), however, carries abundant
Pentamerus oblongus.

The sandstone in the Medina part (below the Big seam)
occurs partly in thin layers mixed with shale and partly in a
thick-bedded stratum 25 feet thick. The thin layers are me-
dium fine grained, brownish, soft, porous, and friable or mealy.
Some are highly fossiliferous and ferruginous and dark brown
to nearly black. Probably most of the thin layers of sand-
stone are limy in their natural state, and the porous condition
at the outcrop is due to the leaching of the limy cement. The
thick-bedded sandstone is fine grained, compact, soft, and
slightly ferruginous, It weathers reddish brown on the sur-
face but is yellowish within. The shale throughout the Red
Mountain i mostly a hardened laminated yellowish-green eclay,
but locally it is bleached nearly white on exposure.

The following sections, the graphic sections in Figure 3, and
Plates XI-XIII show the character of the formation.

Section of Hed Mountain formation and Chickemaugae limestone on

Twentieth Street in Birminghem, on summit of Red Mountain, al
sotethevest corner of sec. 6, I 18 8., R £ W.

[The measurements of the part below the Big senm were made with araler on o clean exposura]

Fort Payne chert: Ft. in.

Chattanocoga shals ______ .. 1

Bandstone, yellow, eoarse, friable (Frog Mountain
BanORhone) A e e 10

Red Mountain formation:
26. Bhale, wviolet, purple, and gray, with sand-
stone layers 2 feet in maximnum thickness _. E HE
25, Not exposed. BShale and sandstone with
Pentamerus rone (Hickory Nut seam) and

Ida eeam of ironore _______________________ B0
24. SBandstone, thick bedded, fﬂrruginﬂua-------- 254
23, Iron ore (Big seam). .. ...... S WA 16 [}
22, Ehale and sandstone with p&bh]es My L SRET IR Bt
21. Iron ore (Irondaleseam). . _______ L=
20, Shale and thin sandstone layers...... . ...... 2
19, Shale mainly; thin sandstone layers near

11 | PR O TRV o8 e M O S e e S e ANl R T ]

18, S8hale, full of thin sandstone lavers 4 inches

in maximom thickness . oo 4
17. Shale mainly; a few thin sandstone layers ___ 8
16, Bhale and thin sandstone layers 2 inches in
mazimam thickness . ..o cveccccccereeees = 4
15. S8hale mainly ____ e L3
14, Ore, lean, fossiliferous, small guartz pebbles. 1
13. Bandstone, ferrnginous, dark brown to black,
rotten, foseiliferons _______ . ___________ T 1]
1 Badn, ol oo e e o i i e 2
. Bandstone, ferruginons, dark brown, rotten,
1] S e R e Bt P e N 2
10, Shadesvellome . o o ]
8. Sandstone, thick bedded, ferruginous, yellow;
wenthersreddish____________________________ b3 9
i B L T e e e 1
7. Bandstone like Mo 9____ _____________________ 14
6. SBandstone, bouldery____ . . ________ b
5, Shale and thin sandstone . .o .o 14
4. Not exposed; like No. i (known from section
on Mountain Terrace, Birmingham)_.._____ 204
T ES

Chickamanga limestone:
3. Limestone; Plectambonifes curdsvillensis of

basal Trenton 8ge)eemeee e cccamecccccccncaa. 010
2, Voleanie ash (bentomite) ______________________, 1 G
1. Limestone: Siromatocerivm rigostm, FHeto-

maria prisce ¥ (of Black River age).

Beelion of Red Mountain formation near 8loss No. I mine, aft Bessemer
Fort Payne chert.

Devonian (¥) thin. v
Red Mountain formation: Feet
12, Bandstone, thick bedded, ferroginons, red _______ &0
11. B8hale and sandetone______________________________ 40
1. Bandstone, thick bedded, ferruginous, red. . ____ 20
9. Bhaleand sandstone._ ... .__.__.. e 1h
8 Sandstone fall of .Pmtamﬁms {chlmr}r Nut
weoi (e LSRR EAR WIS B FIaC Tk S Ran Y Tl T 10
e b T DR S, SRS e TS S O 4
6. Sandstone, ferruginous, red, cross hedded____.___ 20
6, Ore, Big seam:
Ft. in.
k Ore; bench mined_ ... ....... 14 1
Sandstone and shale, yellow-green. 3 1
0T iy R S T S i & T EA e 1
Sandstone, highly ferruginous____. 5 11
— 254
4. Bhale and thin sandstone layvers . e TP G || =
3. Bandstone, ferrnginous, dark brown, rotten:
contains fossils .. __... daimg ot B Sy el HES
2, Bhale and sandstone like No. EJ‘- ekl EaeE_ Raght Al
1. Mot exposzed, like No. 2 (1) oo oo 204
Chickamauga limestone. -
B2 LED

8

Section of Red Mountain formation and Chickamatgae limestone in bore
hole at Woodward shaft, 8 miles southeast of Bessemer

[Hdentifications and memsurements by J. A, Udden, exeepd the scotion of the Chlckamangn,
which was measured by the anthor)

Fort Payne chert. Ft, in,
Chattanooga shale: Shale, chocolate-colored._ ... b
Rad Mountain formation:
Limestone, mottled, argillaceons._. _______________ 1
SBandstone, dark, argillacecus oo 1
Bhala, black, pyritiferows .. ________. 4 7
Limestone, mottled, argillaceons, in places ferragi-

T FETE ESTE E T 00 TN e T T B e 4
Shale, very sandy, limestone lenses_ _______ ... 35
Bandstone, ferraginons_____________________________ &6
filiale, BRridy oo o2l e - Lloa Slte b st ordy e Gl
Handstone, ferruginons. . Lo S SRl g . o | [l
Handstone, very caleareons; cuntmna l’eutmmma_ 1
Bhale, grayish_ .. e e gt i 2 6
Ore, fine grained, ilmy streaks {] :1|:1. mnm] __________ g 10
b:mrlarmm. argillaceous, reddish ___________________ 16 8
Ore, Big seam; upper 8 feet 8 inches good ore__.... 21
Shale, with sandstone layers ... _____._____________ 87

Total thickness of Red Mountain formation_____ 280 T

Chickamanga limestone:
Limestone, Plectambonites curdsvillensis (of Tren-

IO T ) e o bl AR e et ol v i o s G
Voleanice ash (bentonite) . S oy, LA N pedoirl b | ]
Limestone, I‘Iea;ﬂambomtex Lurd.ruﬁfem is, }'er..imm:

ella testudinaria (of Trenton age) .

The amount of limestone is insignificant. More is shown in
the Woodward shaft than is known elsewhere.

The iron-ore beds are made up largely of fragments of fossil
Bryozoa and brachiopods, replaced and cemented by iron oxide
and mingled with sand and small quartz pebbles. The
unweathered ore preserves much of the caleium carbonate of
the fossils, and this may reach 20 per cent of the ore bed.

The sandstone, Nos. 6 to 9, of the seetion on Twentieth Street
in Birmingham does not extend as far south as Bessemer. The
dark rotten fossiliferous sandstone, Nos. 11 to 13, persists and
is No.3 of the section at the Sloss No. 1 mine at Bessemer.
The limestone in the upper part shown in the section at the
Woodward shaft is not known elsewhere in any outeropping
sections.
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rock”) out of which have been made the pebbles between the
Irondale and Big seams described above. The absence in the
Bessemer quadrangle of the rocks separating the two seams in
the vicinity of Irondale and the presence of pebbles made out
of some of these rocks indicate a gap or unconformity between
the two beds in the Bessemer quadrangle.

Big seam.—The Big seam is the center of interest in the
Red Mountain formation because it is the foundation on which
rests the industrial greatness of the Birmingham distriet. Tt
includes about 20 feet of ore and ferruginous sandstone, and
in practical continuity below it, in the northern part of the
Bessemer quadrangle, is the Irondale seam, which makes the
entire mass about 25 feet thick. The upper 10 to 14 feet of
the bed is the best, and mining is practically confined to this
portion. (See P1. XIV.)

Ida seam.—The Ida seam, 15 to 50 feet above the Big seam,
appears to be persistent, as it is known from Irondale to
Bessemer. In places, as in the Sloss No. 1 mine, near
Bessemer, the Ida seam is directly beneath the PFenfamerus-
bearing bed; in other places it seems to be 15 to 20 feet
below that bed, possibly because Penfamerus is not plentiful
enough close above the Ida seam at that place to have been
observed.

Hickory Nul seam.—The Penlamerus zone is persistent and
lies 30 to 50 feet above the Big seam. The sandstone in which
casts of the brachiopod Pentamerus oblongus are abundant
and which is strongly impregnated with iron oxide is com-
monly called an iron ore under the name Hickory Nut seam,
suggested by the resemblance of the internal casts of the fossil
to the opening hull of a hickory nut. The bed, however, is
nowhere, so far as the author knows, an iron ore, and the
name is therefore a misnomer.

Potholes in the Red Mountain formation.—At the Ishkooda
mine a eylindrical mass of sandstone 20 feet or so in diameter
penetrates the ore bed. The sandstone contains Penfamerus.
A pothole probably had been formed in the ore bed at the time
Fentamerus was living in the region or later, and this pothole

e ———
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FrauRE $.—8ections of Red Mountain formation in the Bessemer-Vandiver area, showing the iron-ore seams

1, Helen Bess mine and Mountain Terrace, Birmingham ; 2, Twentieth Strest rond, Birmingham ; 8, Spaulding mine, Graces Gap; 4, Sloss Xo, 1 mine, Bessemer ; §, Woodward shaft, 3 miles
gotitheast of Degsemer

Irondale seam.—The Irondale seam is known as far south as
the southeast corner of sec. 20, T. 18 8., R. 3 W. It is every-
where composed of thin layers of ore, shale, and ferruginous
sandstone and is 2 to G feet thick, It is separated from the
Big seam by about 2 feet of shale and thin ferruginous sand-
stone layers full of discoid waterworn pebbles of limestone as
much as 6 or 8 inches in diameter. These layers have been

geen from the Helen Bess mine, in the northeast environs of

Birmingham, southwest to the Ishkooda mine, in the SE. 1
sec. 20, T. 18 8, R. 3 W. (See Pls. XV and XVIL)
Relations of the Trondale seam to the Big seam.—At Irondale
and vicinity the Irondale seam is separated from the Big seam
by as much as 28 feet of shale and sandstone.’* In that vicin-
ity the Irondale seam is l_“'ipp-Ed by the limestone (“Jack

14 Burchard, E. F., and ]i-utm Lhﬂ.rles. Iron ores, fuels, and fluxes of
the Birmingham distriet, Ala.: U. 8. Geol. SBurvey Bull. 400, pl. 13, B, 1910,

seems subsequently to have been filled with sediment. This
subject is further congidered in the chapter on geologic history,
and the ore beds are more fully deseribed under the heading
‘Eeonomie geology.”

Thickness.—As shown in the detailed sections, the Red
Mountain formation is 239 to 256 feet thick. The measure-
ment at the Woodward shaft is correct; the others, which are
made up from surface measurements, are only approximate
except the part below the Big seam in the section in Birming-
ham, This part is 85 to 97 feet thick. No good measure-
ments of the formation have been made west of Opossum
Valley. Only a small thickness has been preserved in the
small outliers on Flint Ridge. In a bore hole in Shades Val-
ley near Oxmoor the part of the formation above the Big seam
18 91 feet thick, and the ore is 19 feet 6 inches thick. The
bore hole went 40 feet below the ore without reaching the



bottom of the formation, the whole thickness penetrated being
151 feet. The greatest thickness recorded above the Big seam
is 191 feet, which was noted in a drill hole 1,200 feet east of
the Sloss No. 1 mine, at Bessemer.

Age and corvelation.—By the study of the fossils of the
Red Mountain formation Ulrich has arrived at the conelusion
that the part below the Big seam of iron ore is of Medina age
and that only the Big seam and overlying part of the forma-
tion is of Clinton age.

The most diagnostic species from the beds below the Big
seam, mainly identified by Ulrich, are listed below:

Favosites venustas Hall.
Enterolasma geometricum
(Foerste).
Zaphrentis bilateralis Hall?
Clathropora frondosa Hall.
#Helopora fragilis Hall, Bucanella trilobata (Conrad).
#*Phaenopora afl. P. ensiformis *yelonema daytonense Foorste.
Hall. Cyelonema #p. undet., common in
Chasmatopora (Phylloporina) Brassfield of southern Ohio.
angulata (Hall). Pterinea of. P. undata (Hall).
#Rhinopora verrocosa (Hall). Tetranota of. T. obsoleta Ulrich and
= Atrypa marginalis (Dalman). Behofield.
Coelospira of. C. plicatula (Hall). | *Calymene vogdesi Foerste.
Camarotoechia negleeta (Hall). Pterygometopus ef. P. trisuleatus
Leptaena rhomboidalis Wilckens, (Hall).
Orthis labellites Foerste.

#Platystrophia daytonensgis Foerste.
Rhipidomella hybrida (Sowerby).
Sehuehertella subplana (Conrad).
®Ltricklandinia triplesiana Foerste,
Strophonella striata (Hall).

The starred species, with the exception of the Helopora, are
unknown except in the Brassfield limestone of Ohio and Ken-
tucky, the Cataract formation of Canada, the Albion sandstone
(upper Medina) of New York, and the Rockwood ore of Ten-
nessee. Rhinopora verrucosa is, except possibly in a single
oceurrence, a Medina fossil, and Helopora fragilis is most com-
mon in beds of that age. As some of these diagnostic forms
ocenr in the Irondale seam of ore, there can be no reasonable
doubt of the Medina age of the lower part of the Red Moun-
tain formation in this area.

Of the age of the upper or Clinton part of the Red Moun-
tain formation Ulrich, in an unpublished manuscript, says:

In Alabama, as in Pennsylvania and New York, three Clinton
faunas—a lower, a middle, and an upper—are distinguishable. But
it is not at all certain that they correspond in time to the divisions
recognized in the northern States,

We may accept as established by faunal evidence that the repre-
sentalive of the Clinton in Alabama, beginning with the Big ore
seam, corresponds in general to the whole Clinton of Pennsylvania
and central New York.

All the Clinton fossils from northeastern Alabama now in the
United States National Museum, listed below, indicate only lower
Clinton horizons :

#)Monograptus clintonensis Hall. | Rhynehonellat? janea Billings.

Pasceolus sp. *Pentamerns oblongus Sowerby.
Cornulites distans Hall, | #Pentamerns ovalis Hall.
Pachydietya ef. P crassa Ulrich. | Btricklandinia ef. 3. salteri Billings,
Orthis flabellites var. Foerste. Stricklandinia ef. 8. deformis Meck
Bilobites biloba Linnasus. | and Worthen,
=Platystrophia ef. P. daytonen- | Btricklandinia n. sp.

gis Foerate, Whitfleldella intermedia (Hall).
*Loptacna rhomboidalis Wilek- Liospirat sp. undet.

ens. Phanerotremsa aff. P. occidens (Hall).
#Plectambonites of. P. transver- | Strophostylus (small species).

salis (Wahlenberg). *Diaphorostoma cf. 1. niagarense
#Chonetes cornutus (Hall). [ (Hall).
*Anoplotheca hemispheriea |

(Bowerby). |

Of the 22 species in this list those marked with an asterisk (%)
oceur algo in lower Clinton deposits in New York. As compared
with the lower Clinton fauna in the Appalachian Valley north of
Tennessee, this approximately contemporaneous Alabama fauna
proves strikingly different. Two of the most reliable of the Clinton
guide fossils (Chonefes cornutus and Aneplotheea hemispherica) are
present; and it is chiefly on their account that these deposits in
northeastern Alabama are determined as of lower Clinton age, The
horizon of Pentamerus oblongus may represent the horizon of the Wol-
cott limestone member or that of the somewhat older * Reynales”’
limestone member of the lower Clinton of New York. Nevertheless
we miss the extremely common Ostracoda, which are seldom if ever
wanting in northern lower Clinton faunas.

In Red Mountain the Big ore seam is extremely rich in fossil
Bryozoa, and as Bryozoa are rare elsewhere in the Clinton, this
ceeurrence in Alabama is of speecial interest becanse it adds materi-
ally to our knowledge of the life of this epoch. At least tem genera
are represented: Fistulipora, Hollopora, FLivclemella, Chasmalopora
( Phoylloporina), Helopora, FPrilodictya, Clathropora, FPhaenopore, Fachy-
dictya, and Lichenalin. If we were not sure that the bed is much
older, these Bryozoa would immediately suggest the Rochester or
Osgood epoch of the upper Clinton. On the other hand they remind
us nearly as much of the late Medina bryozoan fauna, especially that
facies of it which is found in the underlying Hockwood of Tennessee,

The second or middle fossil zone in the Clinton of central Alabama
is specially marked by Pentamerus oblongus and I ovalis and by the
abgenes of the fossils associated with those species in the lower zone
in northeast Alabama, as described above, This zone is represented
by the ferruginous sandstone known as the Hickory Nut seam. The
Pentamerus is widely distributed in the southern Appalachian Valley.
Apparently it marks a definite zone that is provisionally correlated
with the Woleott limestone of New York.,

The upper 50 feet or more of the Red Mountain formation in cen-
tral Alabama containg a fauna that is readily distinguished from that
of either of the underlying Clinton zones. The following list includes
the most eommon species and such of the rarer forms as are valuable
for purposes of correlation.

Of this list Fenestella of. F. elegans, Semicoseinium of. 8. lenuiceps,
Atrypina disparilis, and Dalmanites limulurus indicate approximate
contemporaneity with the Rochester shale of New York, which is

Ressemer-Yandlver
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believed to be represented in the upper part of the typical Clinton
of central New York.'™

faphrentis hilateralis Hall?
Procteria alabamense Butts. fasciata (Hall).
Large columnals of erinoid or | Pleetambonites intermedia.

eystid. Chonetes aff. C. cornutus Hall.
Fenestella of. F. elegans Hall. Stricklandinia ef. 8. deformis Meek
Semicoseininm ef. 8. tenniceps and Waorthen

Hall. Atrypa reticularis (Linnasus),
Ptilodictyn gladiola Billings. Atrypina disparilis (Hall).
Btropheodonta corrogata Con- | Bpirifer radiatng (Sowerby).

Taud? | Dalmanites limulurus Green.,
Orthiz flabellites Foerste. Encrinurus sp. undet.

Orthostrophia  (Orthis) of. O.

UNCONFORMITY AT THE TOF OF THE RED MOUNTAIN FORMATION

In Birmingham Valley the oldest formation present above
the Red Mountain is the Frog Mountain sandstone, of Oris-
kany and Onondaga age. In Pennsylvania there intervenes
hetween the Clinton and the Oriskany 2,000 feet of rocks of
Cayugan and Helderbergian age. In Cabhaba Valley, where
the Frog Mountain sandstone rests upon the Little Oak lime-
stone, the Red Mountain formation and all of the Upper
Ordovician are lacking, in addition to the formations that are
absent in Birmingham Valley. In other words, there are no
rocks in Cahaba Valley that represent the time necessary for
the deposition of about 6,000 feet of rocks in Pennsylvania.

DEVONIAN SYSTEM 10a

The Devonian system is represented in this part of Ala-
bama by the Frog Mountain sandstone (which here is of
Oriskany and Onondaga age, as explained beyond) and per-
haps by the Chattanooga shale, which is of either Upper
Devonian or early Carboniferous age.

FROG MOUNTAIN SANDETONE

Name.—The Frog Mountain sandstone was so named by
Hayes, from Frog Mountain, Cherokee County. As now used
the name applies to any sandstone of Devonian age beneath
the Fort Payne chert, or the Chattanooga shale. '

Distribution.—The Frog Mountain sandstone is known in
this area only along the crest of Little Oak Mountain, in the
Vandiver quadrangle, and along Red Mountain, in the Bes-
semer quadrangle. It is exposed in Graces Gap and in the ent
at the Twentieth Street crossing of Red Mountain in Birming-
ham. A few feet of sandstone in Clear Branch Gap, south-
west of Bessemer, is probably Frog Mountain, although no fos-
sils have been found in it to prove its age. The Frog Moun-
tain sandstone is alzo exposed in a ent on the Southern Railway
half a mile east of Leeds and in a gap through Little Oak
Mountain, 4 miles south of Leeds, in the NE. } sec. 1, T. 18 8,
R. 1 W., at the north edge of the Vandiver quadrangle.

Character.—The Frog Mountain sandstone ranges from a
coarse-textured friable yellow rock along Red Mountain to
a rather fine textured gray or yellowish rock along Little
Oak Mountain, where it weathers to a somewhat porous
and soft chalky mass. Locally it contains very small quartz
pebbles. In Clear Branch Gap it is a hard quartzite. The
following sections show the character of the Frog Mountain:

Heotion tn Cahaba Voelley, hall a mile east of Leeds and § miles norih of
the Vandiver quadrangle

Fort Payne chert. Feet
Chattanooga shale (porple) ____ . .. 3
Frog Mountain sandstone:

Sandstone, hard, brown pebbly _______ e 2

Bandstone, soft, gPeen_ .. . . e iiiccciccceeaa ¥

Sandstone, brown, cherby .o oooeonee e B

Chalky rock, with fosgils (Chonetes); thin layer.

Sandstone, brown, cherty ____ ________ oo 1=

Not exposed (sandstone?). ... ccccccmcmmcmeracennre - aa- 107?
Total thickness of Frog Mountain sandstone_____ 20

Little Oak limestone.

Section about § miles southwest of Leeds, near the boundary befween the
Vandiver and Birminghem quadrangles

Feet

Chert (Fort Payne). T s EE R L EhS NP ()

Conecealed (Chattancoga shale?) .. 4
Frog Mountain sandstone:

Sandstone, quartzitie, with pebbles and fish bones______ 10

Not exposed, probably sandstone ____ . __......... 10

Limestone (Little Oak).

Section at Clear Branch Gap, § miles south of Bessemer

Fort Payne chert. Ft. fn.
Chattanoogn shale: :
Clayey layer stained black - o oo (i
(B T s Sl e, LT P e d L |
Frog Mountain sandstoue: Quartzite, distinetive Oris-
kany fossils (see Hsk) - - - e i e e [
Frog Mountain sandstone (f): Sandstone, coarse, yel-
low, of Oriskany or Clinton age ... ... 10

Thickness—As shown by the sections the Frog Mountain
sandstone is from 6 inches to 20 feet thick in this area.

Age and eorrelation.—The Frog Mountain sandstone has
hitherto been classified as of Oriskany age. As a result of
recent investigation by the writer it has been discovered that

16 Por the latest views on the stratigraphy and correlation of the Clinton
gea the volume on the Silurian of Maryland (Maryland Geol. Survey, 1923),

18a]n a fortheoming paper the anthor of this folie will name the sand-
stone of Oriskany age in Red Mountain the Clear Branch sandstone, the
name Frog Mountain will be restrieted to the sandstone of Onondaga sge
in Cababa Valley, and the sandstone of Hamilton age as described herein,
which is not present in these quadrangles, will be named the Ragland
sandstone, These changes were adopted after this folio was in page proof.

the sandstone occupying the position of the Frog Mountain in
different parts of the State ranges in age from Oriskany to
probably Hamilton. The facts on which the above assertion
is based are stated below.

From the 6 inches of sandstone in Clear Branch (zap (see
preceding section) the fossils in the following list were
collected :

*Hipparionix proximus Van- ] *Anoplotheca flabellites (Conrad).
WS, *Eatonia peculiaris (Conrad)
*Hpirifer tribulis Hall. | *Meristalla lata (Hall).

The following forms were collected from the west side of
Birmingham Valley, on the Alabama Great Southern Railroad,
2 miles west of Vance and about 16 miles southwest of Clear
Branch Gap. The material here is a soft white chalky rock,
probably decomposed chert, and was mistaken in the field for
the Fort Payne, which crops out at the same point continuously
with the Devonian bed.

Stropheodonta sp. undet. Bpirifer ef. 8. submueronatus Hall.

Leptostrophia sp. nndet. Spirifer sp. undet.

*Leptostrophia ef. L. oriskania | Anoplotheca flabellites (Conrad).
Clarke, Beyrichia sp. undet.

*Anoplia nucleata (Hall).

The fossils of both lists were identified by E. M. Kindle.

The species marked with an asterigk (*) constitute a distinetly
Oriskany fauna, and there can be no reasonable doubt that
the rocks from which they were obtained are of Oriskany age,
notwithstanding the fact that Anoplotheca flabellites, Anoplia
nueleata, and Eatonta peculiaris also range into beds of Onon-
daga age. The 6 inches of sandstone carrying the fauna of the
first list is, however, the only representative of the Oriskany
known in this area. The Frog Mountain of the Little Oak
Mountain strip is of Middle Devonian age, as shown by the
succeeding discussion. No fossils have been obtained from the
Frog Mountain sandstone along Little Oak Mountain in this
are, but on the same ridge and same outerop a quarter of a
mile east of Leeds and 31 miles north of the Vandiver quad-
angle Choneles mueronatus is common. In the Watkins cut
of the Seaboard Air Line Railway through the same ridge 1
mile east of Odenville and 14 miles northeast of Leeds the
Frog Mountain section is as follows:

Beclion ! mile east of Odenoille

Fort Pavoe chert: Tt
(UL 1w S T it e iy, s (e NG eh k),
Chattancoga shale:
8, Bhale, green and purplish __ oo 13

Frog Mountain sandstone:
7. S8andstone, rather coarse grained, in layers as much

an’l ook Ehdek, _fos whiidete  mepiSerfoemi it A n)
fi. Partly exposed: some shale showing and probably
allahnle et CENE T SZLp L g M

5. Bandstone, thick bedded, fine grained ;: some layers
20 calearsons as to be classed as sandy limestone_ 20
s UG TeATh e ot TR
Ordovician, of Lowville age ():
#. Bandstone, thick bedded, coarse graimed ___________ i3
Ordovician, of Lowville age:
4, Limestone, magnesinn, sandy; containg Tetradiim
callulosum ... ... NLLE BRSSP e cud e N TR S 8 2
1. 8hale, mainly red, with a few layers of coarse
sandstone,

e e 1

From the middle of bed No. 5 of the above section were
collected Anoplotheca acutiplicata, Chonetes mueronatus, and
Chonostrophia reversa.  About 3 miles northeast of the Wat-
kins cut, in Watson Gap (see topographic map of Springville
quadrangle) was collected a piece of very fine grained siliceous
rock like some of that in No. 5 of the above section, carrying
an undetermined species of Cypricardella, a large species of
Paleoneilo, also apparently undeseribed, and Lozonema cf. L.
delphicola. About 7 miles still farther northwest, at Cox Gap,
on the same ridge and outcrop, where the Frog Mountain is
about 25 feet thick and carries layers of rock like that of the
piece found in Watson Gap, the following species were col-
lected 6 to 8 feet below the Chattanooga shale: Tropidoleptus
carinalus, Lozonema cf. L. delphicola, and a fragment of the
living chamber of a cephalopod which agrees fully with Ortho-
ceras erolalum, although the specimen is slightly compressed.
Eleven miles to the northeast, at Greensport, where Coosa
River cuts through the same ridge, here named Beaver Creek
Mountain, the Frog Mountain is lacking and the Chattanooga
shale rests directly upon the upper or Clinton part of the Red
Mountain formation, which wedges into the section going
northward between the Watkins cut and Cox Gap.

Of the fossils ocenrring along Little Oak and Beaver Creek
mountains cited in the preceding paragraphs, Chonetes mucro-
natus ranges through the Onondaga and Marcellus into the
Hamilton. It is cited as a common species from both the
Columbus and Delaware limestones of Ohio, the former of
Onondaga and the latter of Hamilton and Marcellus age.
Chonostraphia reverse is a common form occurring in the
Delaware limestone only and thus known elsewhere only in
beds regarded as of Hamilton age. Tropidoleptus carinatus
is a common Hamilton form, which is also cited by Schu-
chert from the Marcellus shale and which ranges into Upper
Devonian formations but has never, so far as the writer is
aware, been cited from beds known on other evidence to be as



old ag Onondaga. The same is true of Loxonema delphicola.
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up into the lower part of the Mississippian series. The Cypri-
eardella and Paleoneilo ave distinetly Hamilton or later types.
Orthoceras erolalum is also cited by Hall only from the Ham-
ilton. The only other form that elsewhere seems known from
the Onondaga is Anoplotheca acutiplicata.

The assemblage of fossils cited above is elearly of Middle
Devonian age, and as some of the collections were obtained
within 10 feet of the bottom of the Frog Mountain and speci-
mens were seen still lower, it is certain that the formation
along Little Oak Mountain includes no component of Oriskany
age. The case for the post-Oriskany age of the Frog Moun-
tain sandstone of Cahaba Valley and the belt east of the Coosa
coal field is made conclusive by the fossils at the base of the
sandstone 1} miles south-southwest of Ragland, which is 7
miles southeast of Cox Gap on Beaver Creek Mountain,
described in a preceding paragraph, and about 35 miles north-
east of Birmingham. In an abandoned quarry southeast of
Ragland the section exposed is as follows:

Section in guarry southeast of Ragland

Fort Payne chert: Fect
L] T o R B B T N M CRREE SOl M Lol e TISER |
Frog Monntain =andstone:
5. Sandstone, thick bedded ; some layers coarse grained,
otherg fine grained, with nodular chertlike bands,

probably originally caleareons ..o .ceeeeeaea.. 49
4. Bandstone, ferruginous, brown, rotten, originally
caleareous, highly fossiliferons_ . . _.._... 2
3. Bandstone, fine grained, nodular ... __.. 14
Bhale, argillaceons, dark . _.____ ¥
2. Limestone, coarsely crystalline, dark, fossiliferous,
N W e 1 e e SIS

Great nneonformity.
Little Oak limestone:
1. Limestone to bottom of guarry, thick bedded, gray
to dark, ribbony or banded on weathering, fossil-
iferouns.. ... . M e LT )

From beds 2 and 4 of the above section a very rich coral
fauna was obtained, Most of the species and individuals were
collected from bed 4, where they are associated with brachiopods,
bryozoans, and trilobites. Bed 2 also carries an abundance of
coralg, but they are only sparingly liberated from the matrix
of limestone, and a large collection could not be made. They
seem, however, to be of the same species as those from bed 4.

The corals have not yet been carefully identified specifically,
but it is apparent at a glance that the assemblage bears a strong
resemblance to that of the rich Devonian coral fauna at the
Falls of the Ohio at Louisville, Ky., which is of Onondaga
and Hamilton age. There are species of cyathophylloids,
including Blothroplyllum, species of [avosiles, and species of
Cladopora.  Associated with these corals in the same layers are
Coscintum eribriformis, Cystodictya gilberti?, Taeniopora extgua,
species of Fenestella, Stropheodonta perplana, Chonetes coronatus,
C. mucronatus, Spirifer aundaculus, 8. divaricata, Anoplotheca
aculiplicata ?, Tropidoleptus carinatus, Aviculopeclen princeps,
Actinopleria decussata, Tenfaculites scaluriformis, Orthoceras
erotalum, and Phacops rana. These fossils, occurring in the
very bottom of the Frog Mountain sandstone at the Ragland
locality, give decisive evidence as to the post-Oriskany age of the
entive formation at that place. As between the Onondaga or
Hamilton age of the beds, however, the testimony of the fossils
is conflicting. The corals alone suggest only Onondaga, but
even their testimony is not entirely on the side of the Onon-
daga. For example, apparently both Blothrophyllum decorticala
and B. cinctulum oceur, the first an Onondaga and the second
a Hamilton form. Doubtless other contradictions will appear
among the corals when the collections are fully identified.

The testimony of the other fossils is slightly more favorable
to the Hamilton age of the fauna. For example, Coseinium
eribriformis, Tropidoleptus carinalus, Choneles coronalus,
Actinopleria decussafa, and Orthoceras crofalum are common
Hamilton forms and are not reported from the Onondaga,
although 7. earinalus oceurs in the Marcellus shale, which lies
between the Onondaga and Hamilton in New York. Nearly
all the other forms oceur in both the Onondaga and Hamilton,
but most of them only sparingly in the former, while they are
all so abundant in the latter that any assemblage of which
they are a prominent constituent is generally regarded as a
Hamilton fauna.

The easternmost outerop of the Frog Mountain sandstone
occurs along a ridge passing about 2 miles west of Piedmont,
Calhoun County, Ala, and running northeastward toward
Frog Mountain, the type locality of the Frog Mountain sand-
stone, which is in southeastern Cherokee County, about 6 miles
north of Piedmont. In the ridge referred to the Frog Moun-
tain sandstone may be as much as 50 feet thick and so far
as exposed consists of coarse sandstone. A few fragments of
corals and of finely striunted brachiopods were found in this
sandstone, and a few incomplete specimens of silicified corals
were found on the slope below the sandstone. From some
locality on this ridge about 2 miles from Piedmont a good
collection of free specimens of silicified fossils has been obtained
and is now in the U. 8. National Museum. The collection
includes, besides a number of well-preserved corals, Afrypa
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retieularis, Spirifera duodenaria, Paracyclas elliptica, Plewro-
tomaria capillaria, and Lozonema cof. L. delphicola. This
fauna is Middle Devonian and entirely post-Orviskany. Here
too the testimony is conflicting as to the Onondaga or Hamil-
ton age of the fauna. Alrypa reticularis ranges through the
Silurian and Devonian; Spirifera duodenaria is reported from
the Onondaga only : Paracyelas elliptica oceurs in both Onon-
daga and Hamilton; Pleurolomaria capillaria and Lozonema
delphicola seemi to be confined to the Hamilton. Owing to
lack of precise description of locality and horizon, the exact
source of this fauna is unknown, but it may fairly be assumed
that the horizon is, like that of the fossils 1} miles southeast
of Ragland, deseribed above, in the bottom of the Frog Moun-
tain sandstone as developed west of Piedmont.

Another facies of the Devonian appears to be present in
Frog Mountain, the type loeality, and between Duke and
Reads, in the northwestern part of Calhoun County. Ona
knob about midway between Duke and Reads and east of the
Louisville & Nashville Railroad is a great quantity of very
coarse grained friable sandstone carrying Spirifer macrothyris
and a large cyathophylloid coral identified as Awlacophylium
unguloidenm. A fully exposed section in the gap of Ohatchee
Creek just south of Reads shows the sandstone to be only 20
feet thick in this vieinity.

Frog Mountain, the type locality of the Frog Mountain sand-
stone, has not been examined by the writer, but Mr. Ulrich
kindly furnishes the following section made by him in 1906:

Section on Frog Meuwntain
Floyd shale: Faat
4. Bhale, dark, with drehimedes.
Frog Mountain sandstone:
§. Sandstone, coarse, red and fossiliferons at top
(Spirifer macrothyris and Amphigenie curfa ®). 1504
2. Bandy, ealeareous (magnesian?), and cherty beds
with rounded quartz grains scattered through
magnesian limestone, the gquartz graing increas-
ing toward the bottom. Fossiliferouns cherty-
looking roek at bottom containing Chonetes
FRALOMOTEReg L. oo e K e R G R L
Uneonformity.
Limestone of Beekmantown age, probably Newala:
1. Limestone, fine grained, with Cryptozoa and
rastropods.

In the coarse red sandstone at or near the top of No. 3 of
the above section an Amphigenia, appavently A. eurta, a shell
suggesting Slropheodonta perplana, Spirifer divaricatus, and
Spirifer macrothyris occur in association with cyathophylloid
corals in a more or less fragmentary condition. No evidence
of the rich coral and brachiopod fauna found south of Rag-
land as described above, with its distinetly Hamilton elements,
has been found at Frog Mountain. As Spirifer maerothyris
and representatives of the genus Amphigenia, oecurring at the
top of Frog Mountain at its type locality, are not recorded
from beds younger than Onondaga, and as Choneles mucro-
nalus, oceurring in the bottom of the Frog Mountain at its
type locality, is not recorded from beds older than Onondaga,
it follows that, so far as the known evidence goes, the typical
Frog Mountain sandstone is entirely of' Onondaga age. It is
interesting and significant that the Frog Mountain sandstone
at Leeds is identical lithologically with the very base of the
Frog Mountain sandstone at Frog Mountain and also carries
Choneles mueronatus as at Frog Mountain. This indicates
that only the basal part of the formation as developed at the
type locality is present in these quadrangles.

The Frog Mountain sandstone extends still farther north-
eastward into Georgia, where it is present in Lavender Moun-
tain and in Horseleg Mountain, about 1 mile west of Rome,
in Floyd County, and was mapped by Hayes in the Armuchee
chert. At Horseleg Mountain Spirifer macrolhyris occurs in
coarse soft reddish sandstone. In both Lavender and Horse-
leg mountains this sandstone is immediately underlain by
fossiliferons chert which belongs to the Armuchee chert of
Hayes as deseribed in the Rome folio. This chert is well
exposed in the railroad cut at the southwest end of Lavender
Mountain about half a mile west of the railroad station at
Lavender. At this place it is about 50 feet thick. From this
chert at the north end of Lavender Mountain Rhipidomella
musculosa, Stropheodonta  magnifica, Chonetes  hudsonieus,
Anoplia  nucleolata, Mervistelle  vostellala, Spirifer {ribulis,
and Platystoma ventricosa, all of Oriskany age, have been
collected. A collection of silicified fossils from Catoosa
County, Ga., 40 miles north of Rome, contains Eafonia pecu-
liarts and a Spirifer of the type of 8. murchisoni or 8. angu-
laris. Both species of Spirifer are Oriskany forms, and the
Eatonia, although recorded rarely from beds of Onondaga
age, is of more common oceurrence in older beds, as those of
Oriskany or even of still older Helderberg age.

It appears, then, that except for the occurrence of a small
thickness of Oviskany in the region southwest of Bessemer,
southwest of Vance in Tuscaloosa County, and in the vieinity
of Jemison, Chilton County, no Oriskany is known in Ala-
bama. Whether the Oriskany of these Alabama loealities and
the Oriskany (Armuchee chert) of northwest Georgia are now
or ever were connected except by way of the open ocean is
entirely unknown. The typical Frog Mountain sandstone and

that of Little Oak Mountain, as at Leeds and extending south-
ward into the Bessemer and Vandiver quadrangles, is appar-
ently all of Onondaga age, but in the region between Frog
Mountain and Leeds, as 1 mile east of Odenville and at Rag-
land, where the Devonian sea lingered longest, the Frog Moun-
tain probably includes beds ranging in age from the later part
of the Onondaga into the early part of the Hamilton epoch.

UNCONFORMITY AT TOF OF FROG MOUNTAIN BANDSTONE

There is a stratigraphic break between the Frog Mountain
sandstone and the succeeding Chattanooga shale, the extent of
which is in doubt, owing to the uncertainty as to the age of
the Chattanooga. If the Chattanooga is of Genesee age, as it
is classified in the earlier reports, the unconformity in this area
represents no more than the Marcellus, Hamilton, and Tully
formations; if it represents some still younger part of the
Upper Devonian the unconformity is correspondingly greater;
and if it is basal Carboniferous, as held by some, the break
represents a considerable part of the Middle Devonian and all
of the Upper Devonian, or about 6,000 feet of rocks not
present in this part of Alabama.

DEVONTAN OR CARBONIFEROUS BYSTEM
CHATTANOOGA SHALRE

Name.—The Chattanooga shale was named by Hayes1®
from Chattanooga, Tenn, In this region it overlies the Frog
Mountain sandstone or, where that is absent, the Red Moun-
tain formation and is immediately succeeded by the Fort
Payne chert.

Character and distribution.—The Chattanooga is generally a
black fissile shale, the black color being due to the presence of
carbonaceous matter. The shale is likely to have reddish
layers or blotches or to be purplish or greenish where it has
weathered down toa clay. In a cuton the Louisville & Nash-
ville Railroad on Red Mountain, near the Twentieth Street
crossing, just southeast of Birmingham, the Chaitanooga con-
sists of about 4 inches of green clay above and 12 inches of
dark clay below.!? Similar beds represent the shale through-
out the southern part of the Bessemer quadrangle. The Chat-
tanooga, though thin, is persistent along Red Mountain,
appearing wherever its horizon is exposed. In Clear Branch
Gap only a black stain at the top of the Frog Mountain repre-
sents the formation. It has not been observed in Cahaba
Valley south of Leeds, 3 miles north of the Vandiver quad-
rangle. (See section on p. 9.)

Thickness.—In the Bessemer-Vandiver area the Chattancoga
is nowhere known to be more than 2 feet thick and is probably
only a few inches thick in most of the area.

Age and eorvelation.—The Chattanooga shale includes all
the sediments preserved in this region that were deposited in
the time between the Frog Mountain epoch and the Fort
Yayne epoch. Within this time a maximum of about 8,000
feet of Middle and Upper Devonian and lower Mississippian
rocks accumulated in central Pennsylvania.

Whether the Chattanooga was deposited in the Devonian or
Misgissippian part of this long period has not been determined
to the satisfaction of all geologists, owing to the lack of
decisive evidence. It has generally been classified as Devo-
nian, but Ulrich and others believe it to be basal Mississippian.
Ulrich has obtained from it, at Chattanooga, Lingula melie and
Orbiculoidea newberryi, two fossils of the Sunbury shale of
Ohio, and at other places, particularly north of Huntsville,
Ala., a large number of species of conodonts characteristie
of the Sunbury shale, of early Mississippian age. These cono-
donts are regarded by Ulrich as decisive evidence of the Missis-
sippian age of the Chattanooga shale in Alabama and southern
and Middle Tennessee, However, Lingule melie, or a form
that can hardly be distinguished from that species occurs also
in the Ohio shale in Kentucky, below the Sunbury, and the
Ohio shale, as shown by actual tracing by the writer and others
across Kentucky, probably includes the greater part of the
Chattanooga. The writer has obtained Barroisella subspatulata
from beds below the middle of the Chattanooga shale at
Blount Springs, Ala. This form, associated with Lingula melie,
oceurs in the black shale in Illinois and Indiana, which is also
believed to fall within the limits of the Ohio shale. The Ohio
shale is classified as Devonian by the United States Geological
Survey, but it also is believed by Ulrich to be of Mississippian
age, except a small thickness locally at the bottom, which is
admittedly of Genesee age, so that even if the Chattanooga
shale is of the age of part of the Ohio it is still Mississippian,
according to Ulrich.  On the other hand, those who, like Keith,

.maintain that the Chattanooga is Devonian base their belief

on the continuity of the Chattanooga with the black shale of
undoubted Devonian age in southwestern Virginia, which can
be traced without break into the Chattanooga. As the black
shale in southwestern Virginia is 500 to 1,100 feet thick and
has Lingula melie and Barroisella in its upper part, that part
is regarded as Mississippian by Ulrich, who believes that the

18 Hayes, C. W., The overthrust faults bf the southern Appalachians:
Geol. Boc. America Bull., vol. 2, p. 142, 1891,

¥ Butte, Charles, U. 8. Geol. Survey Geol. Atlas, Birmingham folio (No.
176), pl. 7, 1010,



southwestward thinning is effected by the loss of Devonian
beds from the bottom, so that only the top part, of Mississip-
pian age, extends into southern Tennessee and Alabama.

UNCONFORMITY AT TOFP OF THE CHATTANOOGA SHALE

As already shown, there is thronghout most of this area an
unconformity between the Chattanooga shale and the basal
Mississippian Fort Payne chert, the extent of which depends
upon the age of the Chattancoga. In the southeast corner of
the Vandiver quadrangle shale of Mississippian age of the
Floyd type appears to overlie immediately the Newala lime-
stone, of Lower Ordovician age, so that in that locality there is
an unconformity between the Mississippian shale and the
Newala limestone equal to a maximum of about 24,000 feet of
rocks which occupy that interval in Tennessee, Virginia, and
Pennsylvania. The absent rocks include a part of the Lower
Ordovician, all of the Middle and Upper Ordovician, all of the
Devonian and Silurian, and the lower part of the Mississippian
series of the Carboniferous system.

CARBONIFEROUS SYSTEM
MISSISSIPPIAN SERIES

The Mississippian series in this area includes the Fort Payne
chert, the Warsaw limestone, the Gasper formation, the Hartselle
sandstone (as restricted), the Bangor limestone (as restricted),
or the Floyd shale, which is the equivalent of the last three,
and at least the lower part of the Parkwood formation.

The type region of the Mississippian series is in the Missis-
sippi and Ohio valleys. Section 1 in fizure 4 shows a sequence
of the Mississippian formations in that region which is fairly rep-
resentative. The other sections in figure 4 show the relations
of the Mississippian of Alabama to that of the type region.
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Figure 4.—Sections illustrating the succession and relation of the Missis-
gippian formations of Alabama and adjacent region

1, Generalized section for western Kentucky and southern Illineis; 2 section at Blount Springs,
in the south éend of Bequatchie Valley ; 3, section near Irowdnle, Aln,, lower part from drill
hole: 4, seotion of Woodward shafr, 8 miles sontleast of Bessomer: &, sretion for enst gide of
Cahaba Valley

LOWER FORMATIONS
FORT PAYNKE CHERT

Name.—The Fort Payne chert was named from the town of
Fort Payne, in Dekalb County, northeastern Alabama. The
name was published almost simultaneously by C. W. Hayes, of
the United States Geological Burvey, and E. A, Smith, State
geologist of Alabama. In Hayes's original usage the Fort
Payne included all the limestone and chert between the Hart-
selle sandstone or Floyd shale and the Chattanooga shale. It
thus included whatever equivalents of the Tuscumbia limestone
of the Alabama (Geological Survey are present in northeastern

Alabama and also the equivalent of the Warsaw limestone of

this folio. In recent years, however, the name has been
restricted to the rocks between the Chattanooga shale below
and the Tuscumbia limestone (or Warsaw limestone) above,
and that is the definition recognized in this folio.
Distribution.—The Fort Payne crops out on West End

Mountain, and there is a small patch, a fault block, a mile

Bessomer-YVandiver

~glope or to the erest.
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southwest of Wylam. The formation crops out along the east
flanks of Red Mountain, its bottom reaching high up on the east
In the vicinity of Morgan, in Shades Val-
ley, an area of Fort Payne is brought to outerop by a fault on
the east side. In Cahaba Valley it crops out along the erest and
east slope of Little Oak Mountain, this ridge being due to the
presence of the resistant chert, which has not been eroded down
to the same level as that of the limestone on the west and the
soft shale on the east. In the southeast quarter of the Vandiver
quadrangle beds that are supposed to be Fort Payne chert crop
out around an elliptical area along Page Spring Branch.

Character.—At its outerop the Fort Payne is made up of
layers of chert from a few inches to 2 feet in thickness, gener-
ally separated by thin partings of shale. Some of the layers
are very even surfaced, as shown in Plates VII and IX in
the Birmingham folio. Plate VII shows the thinner, more
unevenly bedded chert, which is the prevailing type, and Plate
IX the thicker-bedded chert.

The chert is generally yellowish, but weathered pieces are
commonly whitish, with small red patches. It is brittle or
finely jointed and breaks so easily that it can be blasted out to
a depth of 100 feet in a condition to be used for road surfacing
without much further preparation.

In places some beds of the chert yield on weathering a light,
very fine grained soft, porous rock suitable for use as polishing
material.  Primarily the chert as a formation is caleareous, as
shown by specimens brought up from considerable depths as
cores of diamond-drill borings. Some of the chert in such
material appears ag irregular inclusions in limestone, but this
chert is full of crystals of caleite according to C. W. Wash-
burne. The chert is at present fine-grained crystalline quartz,
but it probably was not originally in this form.

Thickness—The thickness of the formation ranges from 90
to 200 feet, or possibly a little more in some sections. Logs of
well borings in Shades Valley report 125 to 200 feet of chert
and limestone that are ineluded in the Fort Payne. In the
Woodward shaft the thickness is 129 feet. The formation is
probably not over 125 feet thick along Little Oak Mountain,

Age and correlation.—Extensive collections of fossils from
the Fort Payne of the Birmingham quadrangle were studied
by G. H. Girty, who expressed the opinion that the formation

in that region is younger than the Kinderhook and older than
the Warsaw of the Mississippi Valley. Whether both the Bur-
lington and Keokuk are represented, or only one, was not deter-
minable with the material in hand. However, in the writer's
opinion, such forms as Rhipidomella oweni, Athyris lamellosa,
Delthyris novamericana, and Spiriferina subelliptica indicate a
horizon as low as Fern Glen, at the base of the Osage group.
In the main, however, the Fort Payne corresponds to. the "
Keokuk, for it ean be traced into northern middle Tennessee,
where generally it certainly includes only rocks of Keokuk age.
A list of fossils as identified by Girty in 1908 follows:

Lingula aff. L. tighti Herrick, Productus afl. P. semireticulatus

Rhipidomella oweni Hall and Martin.

Clarke. Camarotoechia mutata (Hall).
Rhipidomella afl. R. thiemei | Reticularia afl. R. setigera (Hall).

(W hite), Bpirifer afl. 8. forbesi Norwood and
Chonetes aff. . genicunlatus Pratten.

White. Bpirifer inerebescens Hall ®
Chonetes aff. €. illinoisensis | Spirifer keokuk Hall.

Worthen. Epirifer aff. 8. logani Hall.

Spirifer leidyi Norwood and Pratten.
Bpirifer rostellatus Hall,

Epiriferella aff, 8. neglecta {Hall).
Bpiriferina aff. 8. depressa Herrick.
Bpiriferina subelliptica (MeChesney).
Syringothyrig afl. 8. carteri (Hall).
Ambocoeliat aff. A, lavienla Rowley.

Chonetes aff. C. logani Norwood
and Pratten. .
Chonetea aff. . ornalus Shu-

mard.
Chonetes  plannmbonus
and Waorthen.
Produetella aff. P. concentriea

Meak

(Hall). Cyrtina aff. C. burlingtonensis Row-
Productella aff. P. pyxidata ley.
Hall. Delthyris novamexieann (Miller).

Athyris lamellosa (LS Eveills).
Cliothyridina hiranta (Hall).
Cliothyridina sublamellosa (Hall).
Fumetria verneuiliana (Hall),

Productella spinulicosta (Hall).
Productella sp.

Pustuln biserinta (Hall)?
Pustula afl. P. blairi (Miller).

Pustula aff. P scabrieula | Allorisma consanguinatum Herriek.

tMartin). Iveltopecten afl. ). batesvillensis
Puastula aff. P. wallaciana (Der- Girty.

vl Acanthopecten! aff. A, coloradoon-
Prodoctus afl. I*. burlingtonen- sis Newberry.

sia Hall. Avigulipecten aff. A. oblongos Meek

and Worthen,

Conoeardinm afl. C. prattenianam
Hall.

| Cypricardinia afl, C. seitula Herrick.

Prodoetus aff, P, ovatos Hall,

Productus afl. I*. mesgialis Hall.

Productus afl. P. parvas Meek
and Worthen.

WARSAW LIMESTONE

Name and correlation.—The Warsaw limestone, named by
Hall from Warsaw, Ill., has only recently been discriminated
in Alabama, although it is a constituent of the Tuscumbia
limestone of the Alabama Geological Survey, which occurs in
northwestern Alabama and in Little Wills Valley in north-
eastern Alabama. In Little Wills Valley the Tuseumbia
was formerly included by the United States (zeologieal Survey
in the Fort Payne chert. The Warsaw was included in the
Bangor limestone (broad sense) as mapped by the writer in the
Birmingham folio.

Distribution.—The only known exposures of the Warsaw in
these quadrangles are in the area mapped in Shades Valley
southeast of Bessemer, one a short distance west of the railroad
about 1 mile west of Morgan and another at Birons Ford

across Shades Creek. The Warsaw was also penetrated in the
Woodward shaft to the iron ore east of Bessemer. The only
other exposures seen in the general region are on the Louis-
ville & Nashville Railroad 1 mile northwest of Irondale and
at Vann's quarry, 2 miles north of Trussville, which is the
best development and exposure in the region. . (See Pl. XX.)
The formation is also well exposed at Blount Springs, Ala., in
the new railroad ent. There is no doubt of its persistence from
Vann’s to Birons Ford, southeast of Bessemer. It crops out
along the lowest ground between Red Mountain and Sand
Ridge in the northern part of the Bessemer quadrangle.

Character.—The Warsaw is a coarsely crystalline thick-
bedded gray limestone. It is highly fossiliferous, being largely
made up of erinoidal plates and plates of other echinoderms.
It appears to be high in calcium carbonate. In the Woodward
shaft it is reported to be 79 feet thick. It is about 90 feet
thick at Vann’s quarry.

Age and corvelation.—The Warsaw of northern Kentucky
and that of southern Indiana are satisfactorily correlated with
the Warsaw of the type locality. From northern Kentucky
the formation can be traced continuously into northern Ala-
bama, where it is included in the Tuscumbia limestone of the
Alabama Geological Survey. It is typically developed in the
head of Sequatchie Valley in Tennessee and doubtless is con-
tinuous from that locality to Blount Springs, in the south end
of the same valley. Furthermore, the Warsaw is distinguished
by a good number of diagnostic fossils.  Of these the following
species have been identified by the writer from the localities in
Shades Valley, from Vann’s to Morgan:

Cawmarotoechia mutata (Hall).
Cliothyridina hirsuta Hall,
Dielasma formosum (Hall).
Bpirifor lateralis Hall,

Bpirifer bifurcatus Hall.
Spiriferella neglecta (Hall).

Batoerinus gp.t

Pentremites conoidens Hall,

Platyerinus boonvillensis Miller?

Talaroerinus simplex (Shumard).

Dichotrypa Iyroides Ulrich.

Brachythyris subeardiformis

(Hall).

This assemblage of fossils is one not known elsewhere out-

side of the Warsaw and may be accepted as conclusive evidence

of the age of this limestone.
UNCONFORMITY AT THE TOF OF THE WARSAW LIMESTONE

In this area the Warsaw limestone is succeeded by the
Gasper formation. In western Kentucky there intervene
between the Warsaw and the Gasper formation the Spergen
limestone, the St. Louis limestone, the Ste. Genevieve limestone,
and the Bethel sandstone, amounting to a thickness of 700 feet.
There is thus a considerable stratigraphic gap or unconformity
between the Warsaw and the Gasper. At Vann’s quarry there
is beneath the shale of the Gasper formation about 8 feet of
oolite, shown in Plate XX, that undoubtedly corresponds to
a part of the Gasper oolite to the north.

CHESTER GROUF
SUBDIVISIONS

The Gasper formation, Hartselle sandstone as here restricted,
Bangor limestone as here restricted, Floyd shale, and in part
at least the Parkwood formation fall within the limits of the
Chester group, named from Chester, Ill., in the type region of
the Mississippian series; the name has been in common use
since 18G0.

The Chester rocks in Shades Valley in the Bessemer quad-
rangle have been called ““Oxmoor shales and sandstones” by
the Alabama Geological Survey, the top of the “Oxmoor™
being somewhere in the Parkwood formation. Owing to the
subdivision of the “Oxmoor” of the Alabama Survey, and
owing to the fact that the name Oxmoor was used by Hayes
for the Hartselle sandstone only, it has been thought best not
to endeavor to establish the name Oxmoor in any restricted
sense that could be made applicable. Any restriction of
Oxmoor has also been made unnecessary by the identification
in Alabama of the formations of the typical Chester group of
the Mississippi Valley region.

GASPER FORMATION

Name.—~The Gasper formation, which in this area succeeds
the Warsaw limestone, was named for its exposures on Gasper
River, in Warren County, Ky. Its normal position within the
Chester group is between the Cypress sandstone above and
the Bethel sandstone below. In these quadrangles, however,
the Bethel sandstone, the Cypress sandstone, and the overlying
Goleonda formation are absent, so that the Gasper formation
is overlain by the Hartselle sandstone as restricted (equivalent
to the Hardinsburg sandstone of the Mississippi Valley section)
and is underlain by the Warsaw limestone; the Spergen, St.
Louis, and Ste. Genevieve limestones, which normally intervene
between the Bethel and the Warsaw, are also absent. It is pos-
sible that in the upper part of the Gasper formation as here
mapped there may be a thin representative of the Golconda
formation. (See Pls. XIX and XX.)

In the section given by Hayes'® for northeastern Alabama
a shale immediately underlying the Hartselle (“Oxmoor™)

% Hayes, C. W., Beport on the geology of northeastern ﬁlubml;a ur-ul

adjocent portions of Georgia and Tennessee: Alabama Geol. Survey Bull.
4, p. 82, 1802,



sandstone and corresponding to the Gasper formation is called
Floyd shale, being regarded as a basal sheet or tongue of the
Floyd extending westward beneath the Hartselle.

Distribution.—The Guagper formation persists throughout
the Birmingham quadrangle, to the north, where it was
included in the Bangor limestone (broad sense) as mapped in
the Birmingham folio. It extends southward along Shades
Valley between Sand Ridge and Red Mountain nearly to the
latitude of Bessemer, where the Hartselle sandstone thins out
and the Gasper merges with the general body of the Floyd
shale, of which it forms the basal part. It is partly exposed
in Graces Gap and Red Gap. The best exposure, however, is
at Vann’s quarry in Shades Valley, north of Truesville, in the
Birmingham quadrangle, 15 miles northeast of Birmingham.

Characler.—In Red Gap, where only the upper half’ or so
of the Gasper formation is exposed, it is a soft blue clay shale,
sharply separated from the Hartselle sandstone. At Vann's
quarry the shale has all been exposed in stripping. The lower
part, which only was examined, is a black fragile indurated
clay with many shreds of plants and a thin layer or two
of coneretionary ferruginous limestone. Below the shale is 7
feet of oolite of Gasper age resting upon the Warsaw limestone,
as shown in Plate XVIII. At Blount Springs, where it is
fully exposed at the east end of the railroad cut about half a
mile east of the station, the formation is composed of shale and
thin layers of sandstone in the upper 20 feet and of dark
micaceous clay shale below. Here a merging into the Hart-
selle is indicated. Here also, at the very bottom and attached
to the upper surface of the thick-bedded limestone that is sup-
posed to be St. Louis, is a thin argillaceons layer carrying
fossils of Chester age.

Thickness.—In the exposures at Blount Springs the Gasper
formation is 50 feet thick; at Vann's quarry it is fully 100
feet thick ; and in the log of a bore hole in the vicinity of Red
Gap it is given as 97 feet thick. (See fig. 4, section 3.)

Age and correlation—At Blount Springs, in the Birming-
ham quadrangle, a few species of fossils were obtained from the
bottom of the formation. Among these fossils are a single
specimen each of two species of Peniremiles, one appuarently
P. biconverus and the other, partly inclosed in the matrix,
resembling P. pyriformis.  Another fossil is Choneles chester-
ensis.  These fossils indicate that the age of the bed is the same
as that of the upper part of the Gasper oolite of central Ken-
tucky or its partial equivalent, the Paint Creek formation of
western Kentucky and southern Illinois. At Vann’s quarry
Talaroerinus, a characteristic Gasper fossil of Alabama, oceurs
in the oolite at the bottom, mentioned above.

The Gaszper formation 2 to 3 miles north of Trussville has
yielded a few fossil plants, identified by David White, which
are listed below :

Annemites sp. | Lepidoeystis.
Cephalotheen n. gp. ! Sphenopteris moraviea (Ettingshan-
Lepidodendron ef. L. volkmann- i sen)t

innum Sternberg. | Taeniocradiat sp.

Lepidophyllum n. sp.

White says that the genus Cephalotheca has not been
reported hitherto on this continent. Its known occurrence
elsewhere is in rocks regarded as of Devonian age.

Additional fossils collected from the Gasper formation at Red
Giap and a short distance west of Trussville in the Birmingham
quadrangle are listed below as identified by G. H. Girty:

Archimedes invaginatus Ulrich. Caneyella wapanuckensis Girty?

Diaphragmus elegans (Norwood | Leda vaseyana (MeChesney).

and Pratten). Gastriocceras sp.

Leiorhynchos sp. (L. laura or L. | Goniatites aff. &. kentuckyensis

earboniferam?) {Miller).

Allorisma aff. A, consanguina- | Ostracoda undetermined.
tum Herriek.

Caneyelfa is a form known elsewhere apparently only in
Arkansas and Oklahoma, where it occurs in the Caney and
Moorefield shales,

To the north of these quadrangles the Gasper has been
identified at many localities by its fossils and lithology. In
the Gasper of that region occur species of the crinoid genus
Talaroerinus, which are diagnostic of the Gasper, and the coral
Campophyllum  gasperense, which is confined to and highly
characteristic of the lower part of the Gasper in Kentucky
and Tennessee.

HARTSELLE SANDSTONE (RESTRICTED)

Nume.~The Hartselle sandstone was named by E. A, Bmith
from Hartselle, Ala., which ie located upon the formation.
As originally defined and used in previous reports, however,
the name was applied to all the sandstone beds and associated
beds of shale and limestone down to the base of the Bethel sand-
stone. As here restricted the Hartselle is a definite and widely
distributed lithologic unit, the bottom of which crops out at the
north end of the railroad cut half a mile or more north of
Hartselle and the top of which descends below the railroad
level about 3 miles south of Hartselle and 1 mile north of
Leesdale.  As here redefined the formation occupies the strati-
graphic position of the Hardinsburg sandstone of the Missis-
sippi Valley section of the Chester group. In this area, as
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elsewhere in the State, it is overlain by the Bangor limestone
as restricted, the basal part of which corresponds to the (Glen
Dean limestone of the Mississippi Valley. In morthwestern
Alabama the (Goleonda formation underlies the Hartselle sand-
stone as restricted and is in turn underlain by the Cypress
sandstone. In these quadrangles, however, the Golconda and
Cypress are absent so far as known, and the Hartselle sand-
stone rests on the Gasper formation. .

Character and distribution.—In the Bessemer-Vandiver dis-
trict and in the Birmingham quadrangle, on the north, the
Hartselle sandstone ranges from a predominantly fine-grained
hard rock or almost a quartzite to one that is locally coarse
grained and friable. The coarse-grained friable phase is well
exhibited at a quarry half a mile west of Irondale, where the
rock ig utilized for sand, being so soft that it ean be pulverized
by rubbing with the fingers.

The Hartselle sandstone is one of the most persistent strati-
graphie units in the region, being present in Brown Valley, in
Murphrees Valley, and along the east side of Shades Valley
nearly to Readers Gap. Owing to its resistant character it is
a ridge maker, forming, for example, Sand Ridge in Shades
Valley, which extends along the east side of Red Mountain
from the north edge of Bessemer quadrangle to a point east of
Bessemer, where the sandstone and the ridge die out. The
Hartselle can not be recognized in Cahaba Valley in the
Bessemer-Vandiver district, although east of Leeds, in the
Birmingham quadrangle, 4 miles along the strike northeast of
the margin of the Vandiver quadrangle, there is a sandstone
in its position and correlated with it. There is a good devel-
opment of both the Hartselle sandstone and the GGasper forma-
tion in Watking Gap, 1 mile east of Odenville and 10 miles or
more northeast of Leeds.

Thickness.—The thickness of the Hartselle sandstone pene-
trated in the bore hole in the vicinity of Irondale, as inter-
preted by the drillers, is 117 feet. (See fig. 4, section 3.)
The sandstone gradually diminishes in thickness sonthward in
Shades Valley until it thins out entirely about the latitude of
Bessemer. No sandstone was encountered at its horizon in the
Woodward shaft, a little sontheast of Bessemer.

Correlation.—The Hartselle sandstone as restricted occupies
the stratigraphic position of the Hardinsburg sandstone of
Illinois and Kentucky and is correlated with that formation.

BANGOR LIMESTONE (RESTRICTED)

Name.—The Bangor limestone as redefined and restricted is
named from Bangor, Ala,, in the Birmingham quadrangle,
near which it is typically developed and fully exposed. It
includes the limestone hetween the underlying Hartselle sand-
stone and the overlying Pennington shale, or, as in Shades
Valley between the Hartselle and an overlying tongue of
Floyd shale, as explained in the deseription of the Floyd.

The name Bangor limestone was introduced at approximately
the same time by Hayes, of the United States (ieological Sur-
vey, and by Bmith, the State geologist of Alabama. Unfor-
tunately the name has never been precisely defined nor
consistently applied. The following quotation reveals just
what strata Hayes '* intended the term to include.

The upper member of the sub-Carboniferous or Mississippian group
consists in the main of pure blue limestone. Its greatest develop-
ment is in the western divizion of the area, where it rests direetly
upon the Oxmoor [Hartselle] sandstone ; or, where that is wanting,
as at Stephenson, Ala,,-the limestone extends without break down
to the Fort Payne chert, .

The map accompanying the report from which the above
quotation is taken, as well as the maps of the Stevenson and
(Gadsden folios, show that Hayes included in the Fort Payne
chert all the strata of Mississippian age below the “Oxmoor”
(Hartselle) sandstone, and of necessity where the “Oxmoor” is
absent the Bangor rests upon his Fort Payne.

Smith included in the Bangor in the Tennessee Valley in
northwestern Alabama all the limestone and sandstone below
the *“Coal Measnres” (Pottsville formation) and above the top
of the siliceons (cherty) limestone, probably there correspond-
ing to the top of the St. Louis limestone. Smith thus
included in the Bangor the Ste. Genevieve limestone and
Gasper oolite. In Birmingham Valley the Ste. Genevieve
is absent and the Gasper consists of 50 to 100 feet of shale
underlain, at Vann’s quarry, by a thin bed of oolite. (See Pl.
XX.) In the Birmingham folio, which covers the area north
of the Bessemer-Vandiver district, the writer made the top of
the Fort Payne as now limited the bottom of the Bangor, thus
including in the basal part of the Bangor, in the south end of
Browns Valley, 30 miles due north of Birmingham, about 130
feet of limestone now known to belong to the St. Louis and
Warsaw formations. As the Bangor in that usage includes
several units of formational rank it seemed best to restrict the
name to the limestone unit typically developed at Bangor, which
overlies the Hartselle sandstone (“Oxmoor™ sandstone of
Hayes), and thus to return to Hayes's original usage. The name
was thus restricted by the writer in the “Geology of Alabama."”#?

1* Hayes, C. W, op. cit., p. 48,
0 Alabama Geol. Burvey Epecial Pub, 14, 1026

Distribution.—The Bangor limestone in this area crops out
only in the northern part of Shades Valley immediately east of
Sund Ridge, where it occupies a wedge-shaped area that tapers
southward to a point a few miles south of Graces Gap. No
natural exposures were observed. One small exposure was
seen in an old quarry about half a mile east of Graces Gap.
Knowledge of the limestone in this area has been acquired
through borings to the iron ore. The Bangor does not extend
southward to the latitude of Bessemer, as shown by a shaft and
by borings in Shades Valley east of Bessemer.

Character.—Where the Bangor is exposed in the area to
the north of this district, as in Browns and Murphrees valleys,
in the Birmingham quadrangle, it is a rather thick bedded,
prevailingly coarsely erystalline or oolitic bluish to gray lime-
stone, generally crowded with fossils. In Shades Valley,
where it is not exposed in outcrop, its character is reported in
the logs of borings as follows:

Log of boring e the NE. 1 SE. fzee. 26, T 2V 8, R. 2 W., in Shades Valley
abotut jt miles northenst of Rosedale
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FLog of boring abouwt half @ mile southeost of Groces Gap
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These logs do not give much information regarding the
character of the limestone, If it differs from its character in
the region farther north the reasonable supposition is that it
has a larger content of clayey matter, which it would have
acquired near the area of its lateral passage to the Floyd shale
facies described below.

In the vicinity of Bangor a clay or dark shale that has a
maximum thickness of about 20 feet and lies directly above
the Hartselle sandstone is included in the Bangor. Above the
shale is a sandstone as much as 5 feet thick. The best expo-
sures of these beds are in a eut on the abandoned site of the
Louisville & Nashville Railroad about half a mile south of
Bangor and in an old road in the SE. } sec. 22, 1} miles east
of Bangor, where the sandstone is 5 feet thick.

Thickness,—As shown by borings the Bangor limestone is
365 feet thick in Shades Valley, at the north edge of the
Bessemer quadrangle, and at least 133 feet thick at Graces
Gap. It may be thicker in that latitude than is shown in the
boring, which may have started below the top of the limestone.
In the latitude of Bessemer it is absent, as shown by the shaft
already mentioned and borings to the bed of iron ore.

Age and corvelation.—The age and correlation of the Bangor
limestone are explained in connection with the age and corre-
lation of the Floyd shale.

FLOYD SHALK

Name.~—The name Floyd shale was introduced by Hayes for
a thick mass of rock typically developed in Floyd County,
(ia., composed predominantly of green, dark, and black shale
but including considerable limestone and some sandstone.

In Shades Valley the Bangor limestone as here restricted
passes laterally into shale like that of the Floyd, and to this
shale the name Floyd is applied, although it is not strictly
equivalent to the typical Floyd, which includes older beds
than the Bangor. In Shades Valley the Floyd also extends
up to the sandstone that makes Little Shades Mountain, which
is taken as the base of the Parkwood formation, and in the
northern part of Shades Valley an upper tongue of Floyd shale
overlies the Bangor limestone.

Dhistribufion.—There are five areas of Floyd shale, a narrow
strip northeast of Dolomite; the Shades Valley area, which
expands to a width of 4 miles southeast of Bessemer, where
low dipe and gentle rolls prevail ; the Cahaba Valley belt; the
Vandiver-Peavine Creek belt; and the wide area east of the
Coosa coal field. In the Coosa area the beds are intensely
crumpled and apparently somewhat broadly and irregularly’
folded, so that the formation, though probably not over 1,200
feet thick, spreads over an area G to 7 miles wide in a highly
inclined attitude.

Charaeter.—The Floyd is composed predominantly of gray
caleareous olive-green and carbonaceous black shale and sub-
ordinately of impure limestone and hard fine-grained greenish
and gray sandstone. The shale is exceedingly soft and friable
and crumbles easily in the hand. There is little or no stiff
fissile shale. The limestone and sandstone of the Floyd are
lenticular, especially in the region east of the Coosa coal field.
On the south side of Bee Mountain, 3 miles southeast of
Bessemer, 140 feet above the highway, there is a lens of



coarsely crystalline fossiliferous limestone 5 feet thick at the
thickest point and about 100 yards long on the outerop. On
the edges it breaks down into nodules, and a little beyond
disappears entirely. Limestone lenses of the same character
were noted at a few places in the area east of the Coosa field.

The general character of the Floyd in Shades Valley is
revealed in a bore hole near the Woodward shaft the log of
which is given below as identified by J. A. Udden:

Section of Floyd shale in bore hole near Woodwerd shaft 3 miles southeast
of Bessemer, Aia.
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The absence of the Bangor limestone and Hartselle sand-
stone as distinet units in this locality is demonstrated by this
section.

Thickness.—The best determination of the thickness of the
Floyd is afforded by the Woodward shaft, where the thickness
penetrated is 895 feet. As the shaft starts about 150 feet
below the top of the Floyd, the total thickness is about 1,045
feet. In a boring on Shades Creek, 21 miles southwest of
Oxmoor, in the NE. 4 sec. §, T. 19 8, R. 3 W., it is about
1,000 feet thick.

Owing to extreme crumpling in the area in Coosa Valley,
in the Vandiver quadrangle, no reliable estimate of thickness
can be made. It may not exeeed 1,100 or 1,200 feet, although
owing to the crumpling the formation is highly inelined and
its outerop is 7 miles wide.

Relations of the Floyd shale and Bangor limestone.—At
Trussville, in the Birmingham quadrangle, about 20 miles
northeast of Oxmoor, the interval between the Hartselle sand-
stone and the bottom of the Parkwood formation is occupied
by the Bangor limestone as here rvestricted. At (Uxmoor or a
little to the sonth, in the Bessemer quadrangle, the correspond-
ing interval iz occupied by the Floyd shale. Between the lati-
tude of Oxmoor and that of Trussville the Bangor limestone
and that part of the Floyd shale above the Hartselle sandstone
pass laterally into each other. About midway between Truss-
ville and Oxmoor a drill hole penetrated first 292 feet of dark
shale and below that 365 feet of limestone in going down to
the top of the Hartselle sandstone, showing that in the viein-
ity of Irondale almost the upper half of the Bangor has passed
into the shale facies. The equivalence of the Bangor lime-
stone and that part of the Floyd shale above the Hartselle
sandstone seems fully established by their stratigraphic and
geographic relations just described.

Age and ecorrelation of Floyd shale and Bangor limestone.—
The Floyd shale and Bangor limestone as here restricted carry
an abundant fauna of Chester species identified by Gi. H. Girty
in 1908 and listed below. The first of the lists given
is a composite list of species collected from both the Bangor
limestone and Floyd shale at different places in Shades
Valley in the Birmingham and Bessemer quadrangles. The
fossils in the second list came from the top of the Floyd
shale east of the Coosa coal field, at the east end of the tunnel
on the Central of Georgia Railway between Dunnavant and
Vandiver.

List No. 1

Pentremites godoni DeFrance. | Pustula punetatus (Martin).

Pentremites pyramidatus Ulrich, | Retienlaria setigera (Hall).

{Added by Butts.) Bpirifer afl. 8. cameratus Morton.
Prismopora serralata Ulrich. Bpirifer increbescens Hall.

{Added by Butts.) Spirifer leidyi Norwood and Pratten.
Archimedes commnnis Ulrich, Spiriferina spinosa Norwood and
Archimedes meekanus Ulrich, Pratten.

Archimedes swallovanus Ulrieh. | Spiriferina transversa MaChesney.

Archimedes terebriformis Ulrich. | Avicalopesten ehesterensis Waorthen,

Chonetes aff. illinoisengis Wor- | Aviculopecten aff. A. coxanus Meek

then=0C. chesterensis Weller? | and Worthen.

(Qoestion by Butis.) Avicalopecten hardinensis Worthen,
Cliotbhyridina sublamellosa Caneyella wapanuckensis Girty.

{(Hall). | Deltopecten cccidentalis (Shumard).
Cliothyridina hirsuta (Hall)¥ | Edmondia aff. E. glabra Meak.
Composita subguadrata (Hall). | Leda nosuta Hall§

Diaphragmus elegans (Shumard). | Leda vaseyana (MeChesney).

Dielasma formosum (Hall)? | Lima chesterensis Worthen.

Eumetria verneniliana (Hall) | Myalina arkansana Weller.

Lejorbynehus lanra=IL. carbon- | Myalina batesvillensis Girty.

iferum? (Question by Butts.) | Myalina monroensis Worthen.

Lingulodiscina batesvillensis | Nuocula illinoisensis,

Girty. Pteria ( Leptodesma ¥) sp.

Derbya (Orthotetes) kaskaskien- | Pteria off. P. suleata.

sis MeChesney, Behizodus aff. 8. symmetricus Calvin.
Produetns inflatus MeChesney. Suleatopinna maxvillensis Whitfield?
Productus aff. P. hirsutiformis. Yoldia laevistriata Meek and Wor-

Productus ovatus Hall, then.
Productus parvas Meek and Conulariaaff. C. newberryi Winchell?

Worthen. Bneanopsis aff. B. textilis (Hall).
Productus aff. P. pyxidiformizs | Eophemus aff. E. nodocarinatus
DeEKoninck. {Hall).
Productus semireticulatus Straparollns planidorsatus Meak and

Martin. Worthen.

Bessemer-Vandiver
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List No. 2

Pentremites godoni DeFranca?

Pentremites symmetricns Hall®

Archimedes lativolvis Ulrich?

Archimedes tersbriformis Ulrich. Waorthen.

Composita snbguadrata (Hall). Avicnlopecten afl. A. magnus Swal-

Eumetria verneniliana (Hall). low,

Derbya (Orthotetes) kaskaskien- | Avienlopeeten aff. A. monroensis
sis MeChesney. Worthen ¥

Productus semireticulatus Mar- | Laevidentalinm? sp.

Bpiriferina trangversa MeChesney.
Allorismat sp.
Aviculopecten aff. A. chesterensis

tin. Leda ep.t
Retienlaria setigera (Hall). Myalina angnlata Meek and Wor-
Bpirifer leidyi Norwood and then.

Pratten. Pteria (Leptodesma ) sp.
Bpiriferina spinoga Norwood and

Pratten,

A few plants have been collected from clay just above the
Hartselle sandstone exposed in a cut on the old site of the
Louisville & Nashville Railroad half a mile south of Bangor
in the Birmingham quadrangle (list No. 3), and from the
Floyd shale in Shades Valley near the south boundary of the
Bessemer quadrangle (list No. 4). These plants are listed
below as identified by White.

List No. 3

Asterocalamites serobiculatns Sphenopteris of H5. distans Stern-
(Behlotheim). berg.
Bothrodendron sp. HSphenopteris (Rhodea) moraviea
Lepidodendron volkmanniannm Ettingshausen?
Bternberg. Sphenopteris ef. 8. schistorum
Lepidophyllum n. sp. Zeiller.
Peilophyion sp. Sporocystis sp. ef. 8. eardiocarpon
Bigillaria (Subsigillaria) n. sp. rostratum 0. Feist.

List No. 4
Sphenopteris goepperti Dunker.
Sphenopteris sp. undat. ¢f. Rhacop.

teris machaneki Stur.
Trigonocarpum n. sp.

Bhacopteris sp.

Cardiopteris n. sp.

Sphenopteris n. sp. (West Vir-
ginia form),

Nearly all the species of invertebrates in the above lists
would be expected in any considerable collection of Chester
aroup fossils from the Mississippi or Ohio valleys. Neverthe-
less, Pentremites pyramidatus is known elsewhere only from
the Glen Dean limestone of Kentucky and Tennessee, and
Prismopora serrulata, which is very common in the Glen
Dean, is rare in any other formation. Choneles chesterensis is
also common in the Glen Dean in Tennessee and abundant in
it in Colbert County, Ala., where it is associated with other
characteristic Glen Dean forms. The position of the Bangor
as here restricted and of the part of the Floyd shale above the
Hartselle sandstone, which is correlated with the Hardinsburg
sandstone, is an added evidence of the Glen Dean age of at
least the lower part of the Bangor and equivalent beds in the
Floyd shale. It is probable, however, that the upper part of the
Floyd corresponds to part or all of the Pennington formation of
Virginia, Kentucky, and Tennessee and includes the equivalent
of the Pennington as recognized in the Birmingham quadrangle
(northern part only, not in Shades Valley®1), although no red
shale or other rocks of Pennington type have been observed there.
The tongue of Floyd shale overlying the Bangor limestone in
Shades Valley was called Pennington in the Birmingham folio.

The oceurrence of Caneyella in this region is interesting.
The genus is characteristic of the Caney shale of Oklahoma
and the Moorefield shale of Arkansas and has not, so far as the
present writer knows, been found in Chester rocks elsewhere
except in Alabama.

The plants are of interest in that fossil plants are rare in the
Mississippian formations of the central United States. They
exhibit, too, 2 curious mixture of forms generally accredited to
the Devonian (Psilophyton), Mississippian (Sphenopleris mora-
viea and 8. sehistorum), and Pennsylvanian (the Asterocala-
mites and the Lepidodendron).

PAREWOOD FORMATION

Name,—The Parkwood formation was named from the town
of Parkwood, in the Bessemer quadrangle, which is located on
the formation. It ineludes the 1,500 to 2,200 feet of gray shale
and sandstone lying above the base of the sandstone that makes
Little Shades Mountain and Bald Ridge half a mile west of
Oxmoor and below the Brock coal bed, which is taken-as the
base of the Pottsville formation. (See section 3, fig. 4.)

Distribution.—The formation crops out in these quadrangles
only on the west sides of the Cahaba and Coosa coal fields,
whence it dips eastward beneath the younger rocks. It crops
out along both sides of the Vandiver-Peavine Creek valley;
and, dipping westward, it is exposed for a short distance along
the east side of the Coosa field in the southern part of the
Vandiver quadrangle. Along most of the east side of the
Cooza field the Parkwood is faulted out. The best outcrops of
the Parkwood are in the vieinity of Oxmnoor, where it is nearly
all exposed, and along the Southern Railway west of Genery
Gap, in the Bessemer quadrangle.

Character—The Parkwood formation in these quadrangles
is composed of gray shale and sandstone that bear a close
resemblance to the Pottsville roeks, which overlie the Park-
wood. The sandstone generally makes thick beds, the maxi-
mum being 100 feet. Some of it is hard and qguartzose, but
most of it is probably more or less feldspathic. Much of it is

*1 Butts, Charles. U. 8. Geol. SBurvey Geol. Atlas, Birmingham folio (No.
175), 1910,

somewhat ferrnginous and weathers to a rusty color. No cal-
careous matter occurs in the formation, and at only one point
was black shale noted. In these respects the Parkwood is
entirely different from the underlying Bangor and Floyd in
Shades Valley. In its eastern areas of outcrop, however, the
Parkwood is scarcely distinguishable from the Floyd, for the
upper part of the Floyd, although it contains layers of black
shale, is there largely made up of gray shale with gray quartz-
ose sandstone similar to that of the Parkwood.

Thickness.—The thickness of the Parkwood appears to be
2,200 feet just east of Trussville, in the Birmingham quad-
rangle ; 1,500 feet east of Irondale, also in the Birmingham
quadrangle, and at Oxmoor in the Bessemer quadrangle; and
not over 1,000 feet on the west side of the Coosa coal field.
The thickness attaing the maximum at Trussville and decreases
in all directions as if the formation were beveled by pre-
Pottsville erosion.

Age and correlation.—The Parkwood affords very little evi-
dence of its age except that of its position above the Floyd
shale, which is of Chester age, and below what is taken as the
base of the Pottsville formation. Lithologically, except for the
absence of coal beds, the Parkwood is more like the overlying
Pennsylvanian than the underlying Mississippian formations.
Fossils were found in it in the sandstone that makes Bee
Ridge, where it is exposed in a cut on the Southern Railway
half a mile north of Genery Gap. These fossils are listed
below as identified by G. H. Girty:

Rhombopora? sp. Parallelodon aff. P, tenuistriatus

Schizophoria n. sp. {Meek and Worthen).

Derbya erassa Meek and Hayden? | Avieulopecten sp.

Pustula aff, P. nebraskensis Deltopecten oceidentalis (Shumard).

(Uwen)? Plenrophorus subeostatus Meek and

Marginiferat n. sp. Worthen.

Diclasma? sp. Bucanopsis? sp.

Bpirifer rockymontanus Marcon. | Euphemus sp.

Composita subtiita (Hall). Pleurotomaria sp.

Hustedia n, sp. ¥ Sphacrodoma sp.
Nucola sp.

Grirty says:

The Pottsville age of this collection does not rest on certain ground,
though it may be regarded as probable, Hardly any of the species
listed, and not many of the genera, even if the generic assignments
could be vouched for, weigh heavily on the Pennsylvanian side,
This fauna, however, shows a conspicuous change from the lower
faunas, a change marked by the complete elimination of the diagnos-
tic genera and species that assure their DMississippian age. At the
same time it shows a distinet rapprochement with the Pottsville
fannas above, the most noteworthy evidence in point being perhaps
the Schizophoria, which occurs in 80 many of the Pottsville collections
but is entirely lacking in the Mississippian ones. The genera Mar-
gindfera and Hustedia, though they probably are not guite restricted
to the Pennsylvanian faunas, suggest the same assignment.

Another collection of fossils, listed below as identified by
Girty, is composed of distinetly Mississippian species. The
horizon of these fossils is at least 500 feet above the bottom of
the Parkwood as somewhat doubtfully located in the vicinity
of the place at which the lot was obtained.

Fistulipora sp. Dielasma sp.

Cystodietya sp. Spiriferina sp. .
Rhombopora sp Deltopecten  aff. D. batesvillensis
Fenestella tenax Ulrich, Girty.

Archimedes sp. Leptodesina carboniferum #
Polypora sp. Yoldia levistriata Meek and Wor-
Dhaphragmus elegans (Worthen). thenf

Camarotoechia? sp.

The source of these fossils is a fine-grained friable brownish
to yellowish sandstone or sandy shale 20 feet thick and rather
unlike most of the Parkwood or Floyd beds, If the horizon
of this collection is correctly identified the lower 500 feet of
the Parkwood is certainly Mississippian, probably correspond-
ing to part of the Pennington formation of the type region,
in southwestern Virginia. The Mississippian-Pennsylvanian
boundary would lie, then, between the horizon of this fauna
and the horizon of that obtained from the sandstone of Bee
Ridge. Such a location of the boundary is just what would
be expected, if, as i probable, the Parkwood bridges the gap
that elsewhere in the App:ll:mhiﬂn region separates the Missis-
sippian and Pennsylvanian. In this folio the Parkwood is
tentatively classified as Mississippian.

UNCONFORMITY AT THE TOF OF THE MISEISRIPPIAN

Where the Parkwood is thickest, in Shades Valley, sedimen-
tation was apparently continuous into Pennsylvanian time, but
in the Warrior field, where the Parkwood is absent, the Penn-
sylvanian rocks rest unconformably on the Floyd. This rela-
tion is in harmony with the marked unconformity that has
been long recognized by geologists as existing between the
Mississippian and Pennsylvanian on the west side of the
Appalachian Valley provinee from Alabama to Pennsylvania.

PEXNNSYLVANIAN SERIES
POTTSVILLE FORMATION

Name.—The Pottsville formation takes its name from Potts-
ville, in the anthracite coal field of Pennsylvania. It forms
the lowest part of the Pennsylvanian series in the Appalachian
coal fields and constitutes the top of the Paleozoic section in
Alabama. '



Distribution.—~As shown on the areal-geology maps, the
Pottsville formation occupies three separate areas—the Warrior
field, in the northwest corner of the Bessemer quadrangle; the
Cahaba field, which lies diagonally across the median part ot
the two quadrangles, and the Coosa field, which extends
diagonally across the Vandiver quadrangle.

Character.—The Pottsville rocks are made up of sandstone
and shale containing coal beds. The sandstone consists almost
wholly of quartz grains, though it contains a little mica and
feldspar and scattered crystals of magnetite and zircon. None
of the sandstone contains enough feldspar to be markedly
arkosic. In addition to aluminous matter the shale contains a
large proportion of very fine quartz grains and of mica shreds
in about equal proportion, together with small amounts of the
other minerals that occur in the sandstone. Carbon and iron
oxide are present in both shale and sandstone as coloring
matter. The shale of the Pottsville ranges from a pure clay to
a sandy material; the clay is excellent for building brick,
especially pressed brick, and the sandy material for vitrified
brick for paving and other purposes.

Although most of the rocks are probably of fresh-water
origin, yet the presence of marine fossils in certain beds from
the bottom to the top of the formation shows that those beds
were deposited in the sea.

Coal is the most distinetive and valuable constituent of the
formation and is fully described under the heading * Economic
geology.” The names and vertical succession of the coal beds
are shown in the columnar-section sheet and in Figure 5.

The lower part of the formation ineludes thick and resistant
beds of sandstone or conglomerate that persist throughout all
its areas and express themselves in prominent ridges, such as
Sand Mountain in the Warrior field, Shades Mountain in the
Cahaba field, and Double Mountain and others in the Coosa
field. These beds are commonly called “Millstone grit.”
Owing to their stratigraphic significance and topographic prom-
inence several of these sandstones are named and mapped as
members of the Pottsville formation.

The part of the formation above that which contains these

basal sandstone members is a monotonous repetition of shale

and sandstone beds, in which some of the shale beds are as
much as 200 feet thick. Nearly all the workable coal beds
occur in this upper part—that is, above the * Millstone grit.”
The coal groups of the Warrior field are generally associ-
ated with much sandstone. The coarsest conglomerate in the
Bessemer-Vandiver district, the Straven conglomerate, occurs
high in the formation. Some of these upper sandstone beds
are prominent enough to be mapped as members, as the Raz-
burg sandstone member in the Warrior field, the Rocky Ridge
sandstone member and the Straven conglomerate member in
the Cahaba field, and the Straight Ridge and Wolf Ridge
sandstone members in the Coosa field.

Boyles sandstone member.—At the base of the Pottsville in
the Warrior field, immediately above the Bangor limestone or
Floyd shale, lies the Boyles sandstone member, named from
Boyles Gap through SBand Mountain, 4 miles north of Birming-
ham. Its only area of outcrop in the Bessemer quadrangle
extends from Wylam to a point 1 mile southwest of Dolomite,
where it is faulted out. It is nearly vertical along this outcrop,
which is marked by a low ridge or a line of low knolls. The
sandstone is coarse, thick bedded, quartzose, and in places
conglomeratic at the base. Where thickest it changes to a
flagey, finer-grained, and perhaps argillaceous rock toward the
top. In the vicinity of Wylam it is slickensided and quartzitic
as a rvesult of crughing and slight metamorphism near the
great fault bordering the coal field. It is about 100 feet thick
and is believed to correspond to the Pine sandstone of the Cahaba
field.

Rozburg sandstone member.—The highest bed of the Potts-
ville in this area, in the northwest corner of the Bessemer
quadrangle, is a sandstone named the Razburg sandstone mem-
ber, from Razburg post office, 9 miles west of the Bessemer
quadrangle, where it is well developed and exposed. The
Razburg sandstone occupies a large part of the surface of the
Warrior field in the Bessemer quadrangle and is persistent
throughout a large area in the Brookwood quadrangle, to the
southwest. It is gray, generally thick bedded, rather coarse,
and 20 to 30 feet thick.

Brock coal.—The Brock coal bed, named from Brock Gap,
near Parkwood, is regarded as the base of the Pottsville forma-
tion in the Cahaba coal field. As it is a persistent bed and is
recognizable at a number of poinis along the northwest margin
of the Cahaba field it serves excellently as a boundary.,

Shades sandstone member.—The Broek coal is overlain by
40 to G0 feet of shale, above which lies the Shades sandstone
member, named from Shades Mountain, which is formed of this
sandstone. It crops out along the crest and eastern slope of
the mountain, and its basal 40 feet or more crops out as a
cliff for long stretches on the western slope of the mountain.
The cliff is especially conspicuous on Shades Mountain at

Oxmoor. In the Coosa field, where the Shades sandstone -
member is steeply inelined, its outerops give rise to such con-

spicuous ridges as Oak Mountain, Double Mountain, and
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Double Oak Mountain. The Shades sandstone is thick bed-
ded, rather coarse, and generally somewhat conglomeratic in

.the lower part, where the pebbles of white quartz are small and

pockety in distribution. It is about 200 feet thick in the
Cahaba field and even thicker in the Coosa field.

Pine sandstone member—About 200 feet above the Shades
sandstone in the Cahaba field and 1,000 feet ahove it in the
Coosa field lies the Pine sandstone member, named from Pine
Ridge, in the Cahaba field. In the Bessemer quadrangle this
member crops out along the crest and east slope of Pine Ridge,
the sandstone and the ridge persisting the entire length of the
Cahaba field. In the Coosa field the Pine sandstone, like the
Shades, is more strongly developed than in the Cahaba field.
It crops out along the ridges parallel to the outerop of the Shades
sandstone and forms the crest of Pine Mountain, Signal Moun-
tain, the hizhest point in the quadrangles, is formed of this sand-
stone. The Pine sandstone member is quartzose, coarse, and
thick bedded at the base but finer grained and more flaggy at
the top and is 250 feet thick. Tt is correlated with the Boyles
sandstone member of the Warrior field.

Chestnut sandstone member.—Above the Pine sandstone lies
about 500 feet of beds that are mostly shale, and above this
shale lies a persistent quartzose sandstone 100 feet thick, which
makes Chestnut Ridge, an easily recognizable feature along
almost the whole length of the Cahaba field. This sandstone
is named the Chestnut sandstone member.

Rocky Ridge sandstone member.—The Rocky Ridge sand-
stone member is named from the fact that it forms Rocky
Ridge, to the east and northeast of the Cahaba pumping sta-
tion, in the northwestern part of the Vandiver quadrangle.
This member has been recognized only in the Little Cahaba
syncline, where it crops out in two separate areas, the narrow
syneline east and northeast of the pumping station and the
somewhat more complexly folded area 21 to 5 miles south of
the pumping station and east of Caldwell ford. It is best dis-
played and apparently best developed around the south end of
the syncline east of the pumping station. As shown in that
locality it is a thick-bedded conglomeratic quartzose sandstone,
apparently 50 to 100 feet thick. It is sufficiently prominent
in the southern area described to be traceable with a good
degree of certainty and has served as a key to the complex
structure of that area,

Straven conglomerate member.—The Straven member, named
from Straven, in the Montevallo quadrangle, lies about 500
feet below the top of the Pottsville of this area. It extends
across the quadrangles and is present in each of the subordinate
basins on the east side of the Cahaba field. The Straven is a
very coarse conglomerate 40 feet thick or thereabouts. It is
composed of quartzite and chert pebbles 4 inches or less in
diameter, with just enough fine material to cement the pebbles
together. The pebbles diminish in number and size north-
ward, and in the area southwest of Henryellen in the Bir-
mingham quadrangle the bed is a sandstone that has a few
small pebbles scattered through it. The Straven conglomerate
is the basal bed of a conglomerate series of the same kind,
which reaches a thickness of 2,000 feet, making the uppermost
part of the Pottsville formation in the southeastern part of the
Cahaba field west of Montevallo. The source of the material
was probably still farther southeast.

Wolf" Ridge sandstone member.—In the Yellowleaf basin of
the Coosa coal field there is a persistent hard quartzitic sand-
stone 50 to 100 feet thick, which lies about 1,200 feet above
the Pine sandstone and which makes a ridge known as Wolf
Ridge, from which the sandstone is named. The Wolf Ridge
sandstone is especially well developed to the east of Pine
Mountain, in the northeastern part of the Vandiver quad-
rangle, where it makes a persistent and prominent narrow
ridge, in the gaps of which, as at Rattlesnake Gap, the hard
white sandstone is well exposed. It also makes a well-marked
ridge to the north of Locust Ridge and northwest of Thomas
Gap, in the southwest corner of the Vandiver quadrangle.
The Wolf Ridge sandstone is correlated with the Chestnut
sandstone of the Cahaba field.

Straight Bidge sandstone member.—The name Straight Ridge
sandstone is given to a resistant bed 50 to 100 feet thick that
makes the ridge of that name which extends along the west
side and south end of the Yellowleaf basin. It lies about 8300
feet above the Wolf Ridge sandstone.

Red shale.—The upper 2,000 feet of the Pottsville of the
Coosa coal field is composed of shale with thin sandstone
layers. In this mass red shale occurs at 1,500 feet and 1,000
feet below the top. At each level this shale appears to occur
as lentils here and there through beds 50 to 100 feet in thick-
ness. These red shales are notable from the fact that they are
the only such shales in the Pottsville of Alabama.

Thickness,—The thickness of the Pottsville in the Warrior
field in this area is about 2,300 feet, in the Cahaba field 5,500
feet, and in the Coosa coal field 7,400 feet.

Age and corvelation. — Considerable collections of fossil
plants and invertebrates have been made from the Pottsville
formation in the course of several seasons’ work in the Birming-
ham district. The collections of invertebrates were obtained

at points in the Warrior and Cahaba coal fields as widely
separated as Cleveland, in the northeastern part of the Bir-
mingham quadrangle; Henryellen, in the eastern part of the
Birmingham quadrangle; and the mouth of North River, in
the southwestern part of the Brookwood quadrangle, about 3
miles north of Tuscaloosa. The collections range through
nearly the full thickness of the Pottsville, occurring in at least
five thin zones or layers in the Warrior field, the lowest of
which is only about 100 feet above the bottom and the highest
near the horizon of the Brookwood coal, near the top of the
formation. In the Cahaba field two fossil-bearing zones are
known, one about the middle and the other well up toward the
top of the formation.

The abundance of invertebrate fossils in the Pottsville of
Alabama is remarkable in view of their scarcity in the Potts-
ville farther to the northeast in the Appalachian coal field.
Because of that scarcity these invertebrates can not be used to
any extent in correlating the Pottsville of Alabama with that
of other parts of the Appalachian region, and because of their
great similarity through the full thickness of the Alabama
Pottsville, they are not serviceable for identifying horizons or
for correlating the beds of the Warrior and Cahaba coal fields.
They do, however, throw much light on the history of the
Alabama region in Pottsville time, as brought out under the
heading “Geologie history.”

The invertebrate fossils from the Pottsville formation of the
Birmingham district, Ala., shown in the following list were
identified by G. H. Girty in 1908: ;

Lophophyllum profundum Ed-
wards and Haime.

2olenopsis solenoides Gelnite,
Edmondia gibbhosa Swallow.
Glyptoporat ep. Edmondia aff, E. subtruneata Meek.
Lingala aff. L. earbonaria Sha- Bedewickia n. sp.

mard. | Nucula ventricosa Hall
Lingulidiseina convexa Shumard. | Leda bellistriata Stevens,
Schizophoria n. sp. | Yoldia oweni MeChesney ¥
Derbya aff. 1. bennetti Hall and | Parallelodon tenuistrintns (Meek

Clarke, and Worthen)
Derbya crassa Meek and Hayden. | Aviculopecten peracuta Shumard.
Derbya robusta Fall? ! Myalina aff. M. kansasensis Shn-
Chonetes n. sp. |  mard.

Produetus cora IV Orbigny. | Myalina swallowi MeChesney.
Productus nebraseensis Owern. | Behizodus aff, 8. symmetricus Cal-
Produetus semireticulatus Martin | vin.
{fine variety). Avieulopecten herzeri Meolk.
Froductus aff. P. symmetricns | Avienlopecten aff. A. providencensis
MeChesney. | Cox.
Marginifera muricata Norwood | Avienlopecten rectilaterarins Cox.
and Pratten. ~ Deltopecten aff, I). oceidentalis
Bpirifer rockymontanus Marcon. (Shumard).
Amboeoelia planiconvexa Shu- Lima retifera Shumard,

mard. | Modiola subelliptica Meelk.
Spiriferina kentuckyensis Shu- | Allorisma terminale Hall.
mard. | Astartella vera Hall.

Spiriferina epinoga Norwood and | Enomphalus catiloides (Conrad)?
Pratten? | Pleurotomaria, several species.

Composita subtilita (Hall). Phillipsia aff. P. major Shumard.

Cliothyridina missouriensis Swal- | Phillipsia afl. P. scitula Meek and
low. | Worthen.

Hustedia mormoni Marcou. | Estheria dawsoni Jones.

Holenomya sp.

General correlation of the coal beds.—As there is no direct
connection between the different coal fields of Alabama, the
fossil plants must serve for correlating the coal beds. An
incomplete study of the econsiderable collections of fossil plants
has enabled David White to correlate tentatively the Rosa coal
in Berry Mountain, the Swansea or Inland coal of the Blount
Mountain field, and the Black Creek, Mary Lee, and Pratt
coal beds of the Warrior field with the Gould, Harkness,
Wadsworth, and Clark (Little Pittsburgh?) beds, respectively,
of the Cahaba field, as shown in Figure 5. On stratigraphic
grounds the Nivens and Howard coals of the Coosa basin are
correlated by the writer with the Gould coals of the Cahaba
basin, as the Gould coals lie in the interval between the Pine
and Chestnut sandstones and the Nivens and Howard coals
between the Pine and the Wolf Ridge sandstones, the Wolf
Ridge being correlated with the Chestnut. The higher coals
of the Coosa basin are tentatively correlated in a general way
with the beds shown opposite them in the section of the
Cahaba field in Figure 5. As fossil plants are rare in the
south end of the Coosa basin, this means of correlation is not
at present available.

White divides the Pottsville formation into lower, middle,
and upper Pottsville, The lower Pottsville extends from the
bottom of the Pottsville to the top of the Lee formation of
Virginia and Tennessee or to the top of the sandstone in east
Tennessee named Emory by Safford and Killebrew and Rock-
castle by Campbell. It includes the Pocahontas coals of Vir-
ginia and West Virginia. The middle Pottsville includes the
beds that carry the Sewell and Quinnimont coals of West Vir-
ginia, and the upper Pottsville includes the Kanawha coals of
West Virginia. The corresponding divisions in the Alabama
coal field are indicated in Figure 5.

According to White, the Mary Lee bed of the Warrior Field
lies at nearly the same horizon as the Soddy coal, a bed that is
close above the Lookout sandstone of Hayes in northern
Alabama, which is about 700 feet below the top of the lower
Pottsville. The same horizon is therefore approximately
represented by the Soddy coal of Tennessee, the Mary Lee and
Newecastle coals of the Warrior field, and the Wadsworth bed
of the Cahaba field, which are thus several hundred feet below



the top of the lower Pottsville. The still higher part of the
coal measures of the Warrior field falls in the middle Potts-
ville, no upper Pottsville being present, in that field. In the
Cahaba field the upper Pottsville is represented by the Monte-
vallo and higher coal beds, the boundary between the middle
and upper Pottsville lying near the Helena or Yeshic coal.
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A list of the plants identified by White, upon which he
bases the correlations just stated, is given below :
Alethopteris helenne Lesguerenx. | Neoropteris biformis Lesgnerenx.

Alethopteris lacoei White. Neuropteris elrodi Lesguerenx.
Alethopteris lonchitica var. | Neuropteris of. N. gigantea (Stern-

White. . berg) Sternberg.
Anecimites of. A, tenuifolins l Neuropteris pottevillen White BS.
(Goeppert) White | Neuropteris schlehani Stur.
Annularia acicalariz (Dawson) | Neuropteris smithil Lesguerenx,
Renault, | Rhabdoearpus alabamensis White
Asterophyllites gracilis Lesque- | M8,
reux. | Bphenophyllum  bifureatum  Les-
Asterophyllites minutas Andrews. QUETEIX.
Calamites suekowii Brongniart. Sphenophyllum tenerrimum Ettings-
Calamostachys lanceolata Les- hausen.

fUeran., Ephenopteriz asplenoides Heetor,
Cheilanthites ef. €. cheathami | SBphenopteris ef. 8. divaricata (Goep-

i Leaguerenx), pert) Geinitz and Gutbier.
Cheilanthites microphyllus (Les- | Sphenoptoris  flexieanlis  (Lesque-

ueranx). | renx) Lesquerenx.

Lepidedendron alabamense Sphenopteris larischii (Stur) Les-
White. quereux.

Lepidodendron  elypeatum ILes- | Sphenopteris  microcarpa Lesque-
Uerenx, reux.

Lepidodendron obovatum Stern- | Sphenopteris obovata Lindley and
berg. Hutton,

Lepidophyllum alabamense Sphenopteris palmatiloba White.
White MES. Sphenopteris patentissima (Ettings-

Lepidostrobus pennsylvanicns hausen) Schimper.
White. Ephenopteris quercifolia (Goeppert).

Mariopteris dimorpha (Lesqne- | Btigmarin verroeoza (Martin) [Stern-
reux) White. berg].

Mariopteris inflata var. White. Trigonoearpon ampulaeforme var.
Mariopteris ef. M. muricata spectabile White.

(Schlotheim) Zeiller. Trigonoearpon  alabamense White
Mariopteris pottavillea White. M3,
Nenropteris acutimontana W hittleseya campbelli White,

W hite. Whittleseya microphylla var, White,

QUATERNARY BYBTEM

The deposits of the Quaternary system. consist of the allu-
vium in the present valleys and are of recent age. They rest
directly upon the surface of the Paleozoic rocks, no Mesozoic

Hossemoer-Yandiver

15

or Tertiary rocks being known in the Bessemer-Vandiver area.
The alluvinm consists of fine gravel and silt that has been laid
down by the existing streams as they have overflowed their
banks. It is confined to strips along the streams, and these
strips with few exceptions are narrow. Its total area is only
a few square miles, and its thickness is only a few feet.

STRUCTURE
DEFINTTTON

The term structure is here used to indicate the attitude ov
“lay” of the strata, which are in reality extensive sheets of
rock piled one upon another. Definitions of the terms used
in describing structural features are given on the inside of the
cover pages of this folio.

METHODS OF REPRESENTING STRUCTURE

The structure of the Bessemer-Vandiver area is shown by
structure sections and by structure contours. A structure sec-
tion shows the lay of the strata as it would appear in a deep
trench cut across the region at right angles to the general strike
of the rocks. Structure contours show the structure by lines
resembling those that represent surfice contours, drawn on the
map through points at which the surface of a bed taken as the
reference stratum lies at a given distance above or below sea
level. As for example a line passing through all points on
the top of the Pratt coal bed 500 feet above sea level, another
through all points 550 feet, a third through all points 600
feet above sea level, and so on. In the Bessemer-Vandiver
district the structure is represented by contours only in the
small area of the Warrior coal field, in the northwest corner of
the Bessemer quadrangle.

The details of structure are shown on the map by strike and
dip symbols, by the lines that represent the position of the
faults and axes of the folds, and by the structure sections. A
few comments on general and special features follow.

GENERAL FEATURES

The general structure of this district is that charactervistic of
the Appalachian Valley province from Canada to Alabama.
The originally horizontal strata have been folded as a result of
lateral compression, so that now the major features of the stroe-
ture are comparable to a succession of great waves that cross
the quadrangles in a northeasterly direction, the crests of the
waves corresponding to the great anticlines, such as the Bir-
mingham anticline, and the troughs of the waves to the great
synelines, such as the Cahaba and Coosa coal fields. However,
as the crests of the great anticlines have been eroded off, the
undulating structure can be visualized only when the arches
are restored in imagination. These major structural features
are themselves affected by minor anticlines and synelines,
which are mapped and named. Great overthrust faults form
the eastern boundaries of the syneclinal troughs occupied by
the coal fields.

From the Birmingham anticline the rocks dip southeastward
into the Cahaba trough. The Red Mountain formation, which
erops out at 1,000 feet above sea level on the crest of Red
Mountain, descends eastward to 7,000 feet or more below sea
level in the Acton basin. The general southeastward dip is
interrupted by minor folds like the Tacoa and Dolly Ridge
anticlines and the corresponding Belle Ellen and Little Valley
synelines. Along the southeast margin of the Cahaba field lie
the subordinate basins—the Eureka, Helena, Acton, and Little
Cahaba basins. Between the Little Cahaba and Acton basins
is an area of complicated folding which has not been fully
worked out, though its general character is indicated by the
mapping and by structure section C-C’ of the Vandiver
quadrangle.

In the same manner the rocks on the southeast limb of
another anticline dip from Cahaba Valley southeastward into
the Coosa trough but are interrupted by minor folds like
the Vandiver anticline and the other minor folds mapped.
The Vandiver anticline separates the Yellowleaf basin from the
main area of the Coosa coal field. The Yellowleaf' basin is a
canoe-shaped syneline with the east side faulted out but with
both ends partly preserved. From the east side of the Coosa
field the rocks seem to dip eastward in general to the Colum-
biana syncline, which crosses the southeast corner of the
Vandiver quadrangle. The former existence of an anticline
near the Coosa field is indicated. The surface rocks east of the
Coosa field are minutely crumpled, as noted in the description
of the Floyd shale (p. 13).

An interesting question in connection with the plicated
Floyd shale of Coosa Valley is discussed under the heading
“(reologic history.”

The east limbs of the great anticlines have been briefly
described, but a complete exposition of the structure of the
region demands attention to other structural features.

In the development of the folds through pressure on the
southeast, which produced a movement of the great body of
rocks to the northwest, the crests of the major anticlines were
naturally thrust farther to the northwest than the bottoms of
the synclines, so that the northwest limbs of the anticlines (or
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the southeast limbs of the synclines, as they may equally wel
be designated), which had at the beginning a northwestward
dip, became vertical and then overturned with a southeastward
dip, and finally in a few places the beds were completely over-
folded, so that the beds in these limbs were upside down.
These limbs were weakened by stretching and erushing till
they finally gave way, and the overlying masses slid forward
along the planes of the breaks to such an extent that the older
rocks, which were buried deep in the center of the overturned
arches, were thrust upward stratigraphically into a position
above the upper rocks involved in the folding. In time the
overturned and overthrust masses were eroded away and the
surface was reduced to the present condition, in which no trace
of the faulting is preserved in the topography. Thus were
formed the great faults that border the coal fields—the Opos-
sum Valley, Helena, and Coosa faults—and thus the common
limbs of the folds (that is, the northwest limbs of the anticlines
and the southeast limbs of the synclines) were destroyed or
buried. The total northwestward movement along each of
these faults was at least as much as the thickness of rocks dis-
placed, which in the Opossum Valley fault is at least 2 miles
and in the Helena fault at least 3 miles in places. The actual
horizontal movement may have been much greater. The com-
bined effect of all these faults is an overlapping or * weather-
board™ structure for the whole area.

DIF OF FAULT PLANES

The dip of the fault planes is unknown for most of their
length, but at Aldrich, in the Montevallo guadrangle, data
obtained in mining show a dip of 35° E. for the Helena fault
at that place.

METAMORPHISM

Notwithstanding the great movement, with attendant friction
and erushing near the fault planes, there has been but slight
metamorphism of the rocks, The Montevallo coal bed, which
has been mined up to the fault, is said to show no change that
would indicate any difference from its ordinary chemieal com-
position.

As already described, the Floyd shale is very minutely
erumpled, and the beds everywhere dip steeply. They have
also been fractured minutely, and the fractures have been filled
with quartz, which forms veins, mostly a quarter to half an
inch thick.

GEOLOGIC HISTORY

In the earliest time of which there is record in the sedi-
mentary rocks of the Appalachian Highlands, perhaps a
hundred million vears ago, along the site of the Appalachian
Valley lay a strait between still more ancient lands on the
east and on the west. This strait was on the eastern border
of a great area, extending to the region of the present (ireat
Lakes, that was slowly but intermittently subsiding during
all of Paleozoic time. The Appalachian Strait widened
into the Appalachian Gulf. The filling up of this subsiding
earth basin by sediments derived from the bordering lands
constitutes the part of this history which properly begins with
the Paleozoic era. The vast lapse of time which had preceded
the deposition of these sediments is recorded in the rocks of the
Blue Ridge and Piedmont provinces, These rocks, which
extend beneath the Appalachian Valley and Appalachian
Plateaus, are the foundation upon which the Paleozoic rocks
rest.

PALEQZOIC ERA
CAMBRIAN PERIOD

From the bordering land areas great quantities of fine mud
were discharged into the Appalachian Strait by the rivers of
Talladega time (Algonkian? and Paleozoic). At times coarse
sand mixed with small quartz pebbles was deposited and
forms the few thin beds of quartzite in the Talladega slate.??
There was also a short period of limestone deposition, when

‘the Sawyer limestone member was laid down. Fine clayey

material greatly predominated, however, which indicates that
the material was derived from land of low relief or was depos-
ited in water distant from shore so that only the finer sediment
was trangported to it.

As most of the Talladega rocks were originally finely strati-
fied clay they were evidently deposited in water, seemingly
under conditions favorable to Cambrian types of life. Except
for the rare occurrence of caleareous algae in the Sawyer
limestone, however, no organic remains have ever been dis-
covered in them or in their equivalent in Georgia and Tennes-
see and it is believed that the Talladega sen was destitute of
life during most of the time of its existence. In this lack of
life the lower two-thirds of the Talladega rocks accord with
known pre-Cambrian rocks elsewhere, and the weight of evi-
dence seems to the writer to favor their pre-Cambrian age in

22 PButts, Charles, 1. 8. Geol. 8urvey Geol. Atlas, Montevallo-Columbiana
follo {in preparation). Buatts, Charles, and others, Geology of Alabama:
Alabama Geol. Burvey Speecial Pub. 14, 1926,




In the succeeding Weisner epoch much coarse sand with
fine gravel was deposited in alternation with fine material like
that of the Talladega.2? The Weisner epoch was certainly
Cambrian, for Lower Cambrian fossils occur, though rarely, in
the Weisner formation.

The Weisner epoch was succeeded by that in which the
Shady limestone was laid down.2? This indicates a great
change in geographic or meteorologic conditions, for obviously
pure limestone can not be deposited except in water free from
earthy sediment. A few forms of life are known to have
existed in the sea of the Appalachian region in Shady time but
so far as known life was scarce.

The deposition of earthy sediment was resumed in the sue-
ceeding Rome epoch, and a notable feature of the deposits then
formed is the red shale, which denotes perhaps an accumula-
tion of soil stained red by iron oxide on a tributary land dur-
ing an arid time in which the Shady limestone was laid down,
the lack of water for the transportation of sediment being the
cause of the clear sea of Shady time. At rare intervals the
Rome sea was invaded by swarms of trilobites and brachiopods
whose remains are now entombed in the deposits laid down
during the time of their invasion.

In the Conasanga epoch, which followed the Rome epoch,
the conditions again favored the formation of limestone in Ala-
bama. The land area west of the Appalachian Strait was sub-
merged, for limestone or sandstone of Conasanga (Upper Cam-
brian) age is widely distributed over the Middle West, where
the older Cambrian rocks are absent, so that the Upper Cam-
brian rocks rest upon pre-Cambrian erystalline or metamorphie
rocks. Life flourished throughout the Conasauga epoch. There
were many species of trilobites and a great abundance of indi-
viduals. Brachiopods were also plentiful but of few species.

Probably in Conasauga time a persistent land barrier was
raised between Cahaba and Birmingham valleys, for, as shown
under the heading “ Descriptive geology,” the Conasauga is
absent along the eastern margin of the Cahaba coal field and
probably was not deposited there because of an island in that
part of the Conasauga sea. This Cahaba barrier marks an area
in which there was a decided tendency to uplift, technically
called a positive area, as shown below, and to this tendency is
due the peculiarities of distribution of the Ordovician lime-
stones in the two wvalleys as noted under the heading
“Stratigraphy ” (p. 3) and hereinafter mentioned.

CAMERIAN OR ORDOVICIAN PERIOD

The period succeeding the deposition of the Conasauga lime-
stone and ending with the deposition of the Chepultepec
dolomite was one of the most notable periods for the deposition
of dolomite in the history of the earth. After the Conasanga
limestone was laid down Birmingham Valley and Cahaba

Talley were elevated above sea level, and th'e resulting erosion

produced the unconformity described on page 3. After the
deposition of the Brierfield dolomite in the Montevallo region?#
there followed a resubmergence, including that of the Cahaba
barrier, except south of Bessemer (p. 3), and the Ketona
dolomite was laid down in both Birmingham and Cahaba
valleys. The deposition of the Ketona was succeeded by
another uplift of about the same region as before while the
Bibb dolomite of the Montevallo region was deposited, after
which the sea spread over all of the southern Appalachian
region and so remained while the great mass of the Copper
Ridge dolomite was deposited. In Alabama, northwestern
Georgia, and probably southern Tennessee this submergence
continued during Chepultepec time, but in the Birmingham
Talley local uplifts precluded the deposition of the Chepul-
tepec and succeeding Longview and Newala limestone,

The seas of this dolomite period were nearly devoid of living
organisms that possessed parts capable of fossilization except in
Chepultepec time, when some forms, principally gastropods,
were common but not abundant.

It is the common belief that dolomite is not deposited as
dolomite but that limestone is first deposited and subsequently
changed into dolomite by the substitution of magnesium for
part of its caleinm. So far as known limestone at present is
being precipitated from solution in water by organic agencies
such as mollusks, corals, and lime-secreting plants, among
which bacteria play a noteworthy part. As the dolomites of
this period are nearly destitute of fossil shells and other parts
of organisms, which would have been preserved, it is evident
that the limestones from which the dolomites have been derived
were not deposited by ahell-hmring animals or corals. It seems
necessary, then, to assume that the plants, bacteria, and similar
organisms were the principal agents, and that, being perishable,
they have left no remains, The great mass of limestone may
have been converted into compact dolomite contemporaneously
with its deposition in sea water charged with magnesium salts.

ORDOVICIAN PERIOD

The Ordovician period was one of notable oscillation in the
Appalachian Valley province, leading to repeated emergence
and submergence of certain areas and corresponding gaps in

*® Zee footnote 22 on p. 15,
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the sedimentary sequence and causing a patchy distribution of
the rocks of different ages in some areas as described under the
heading “Stratigraphy.” The theory of oscillations as affect-
ing the distribution of formations in Birmingham and Cahaha
valleys is illustrated in Figure 6.
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Figurr 6.—Ideal sections illustrating theoretical conditions at successive
stages under which the Paleozoie sediments in northeastern Alabama
were deposited in oscillating basins

A, Chepultepee time: B, Longview and Newala time; ¢, Upper Bockmantown and St Peters
time; 0, lower Chlckamavga (Lenolr and Mosheim) time; g, Athens tima; F, Little Oak
time; G, upper Chickamaugn (Elick River) timo and nearly the same conditions through
Mohawkian aml Cincinnatian time; H, Red Mountain time naod nearly the same conditions
through the remainder of Silurian time and through Devonlan time; |, end of Chester tima;
). Parkwood tlme; K, Pottsville time: L, present thme; the fault is losated on an old anticline
or barrier forming m natural loe of wenkness owing to less thickness of strata. €6, Roma
formation; €:, Connasauga formation: €0e, Copper Ridge and Eetona dolomites; €0c,
Chepultepes dolomite ; 0ln, Longview, Newaln, and Odenville limestones; 0, Lenoir and
Moshedm limestones ;| Oa, Athens shale; Ole, Little Oak lmestone ; Olc, lower Chickamaogs
(Stones River) lmestone ; Oue, upper Chickamauga (Black River) limestone ; Sr, Red Moun-
tain formation, Frog Mountain sandstone, and Chattanooga shale ; Cfg, Fort Payne chert to
Floyd shnle; Cp, Parkwood formation; Cpe, Pottaville formation, SL, Sea level

The Cahaba barrier seems to have been continuously effec-
tive and part of the time to have extended over Cahaba Valley.
After a short emergence during Stonehenge time (p. 4) the
Cahaba Valley was resubmerged, and Ordovician deposition
began with the Longview limestone and continued apparently
without interruption through Newala and Odenville time, after
which Cahaba Valley emerged during early Chazy time, in
which the St. Peter sandstone and possibly limestone of early
Stones River age were deposited elsewhere. The Birmingham
Valley seems to have been land during most of the time from the
end of the Copper Ridge epoch to the beginning of the Chick-
amauga epoch. When it was again submerged the advanc-
ing sea first occupied the lowlands and valleys, in which were
accumulations of chert fragments and sand such as exist along
the present streams. These accumulations formed the Attalla
conglomerate member (p. 7), and above this was laid down
mud washed in from the higher unsubmerged areas to form the
basal shale member of the Chickamauga (p. 6). In places
the mud was red, being such as would be derived from the red
soil of the dolomite areas of the present day. Finally, as most
of the region became submerged, limestone deposition began,
and the basal layers of limestone were in places stained red by
a small amount of red clay, which was still being washed into
the water. In Cahaba WValley the deposition of limestone,
which seems to have begun at about the same time as in
Birmingham Valley with the deposition of the Mosheim lime-
stone, was interrupted while the Athens shale was being
deposited in the south end of the valley. Dry land prob-
ably existed in the north end of the valley during Athens
time. On resubmergence of the entire valley the Little
Oak limestone (late Chazyan) was deposited, after which the
valley area was elevated above sea level and so remained
until it was temporarily submerged again in Frog Mountain
time.

Limestone deposits were laid down almost continuously dur-
ing Ordovician time, the only interruption being the Athens
episode, during which fine black caleareous mud was deposited
in Cahaba Valley. In Athens time this Alabama region had
oceanic connection with other parts of the earth generally, as
denoted by the world-wide distribution of the Athens grap-
tolites (p. 6).

In Chickamauga time the waters of the region abounded in
brachiopods, bryozoans, gastropods, and other marine forms,
whose fossilized remains now fill the Chickamauga limestone
and are present less abundantly in the Lenoir and Little Oak
limestones.

The distinet faunas of Birmingham and Cahaba valleys dur-
ing Ordovician time developed through the complete separation
of the two seas by the Cahaba barrier.

Some remarkable episodes of the Ordovician period were
voleanic eruptions that occurred from late Chazy to early Tren-
ton time. The sites of the volcanoes are unknown, but the
one active in Trenton time was so located that the ejected rock
dust was distributed, probably by the winds, over an area
extending from Alabama to southern Ohio. Thus originated
the bed of voleanic ash in the upper part of the Chickamauga
limestone, deseribed on page 7. The rarity of voleanic action
in the Ordovician period in eastern North America is in strong
contrast with conditions just across the Atlantic, where, in
Wales and western England, voleanoes were active throughout
Ordovician time and voleanic ash makes a large proportion of
the Ordovician rocks, the ash beds or tuff aggregating several
thousand feet in thickness.

SILURIAN PERIOD

Crustal oscillation continued through the Silurian period.
The elevation of the Cahaba Valley area above sea level pre-
vented the deposition or resulted in the removal of any Silurian
deposits that may have been laid down in that region. Bir-
mingham Valley and the site of the Cahaba coal field, on the
other hand, were submerged at the beginning of the period and
so remained while the Red Mountain formation was laid down.

- After about 100 feet of shale and sandstone had aceumulated

the Irondale ore seam was deposited, and above that seam 25
feet or more of shale and sandstone. Then there was uplift,
and the beds down to the Irondale seam were eroded, and
probably the Irondale seam itself in the vicinity of Bessemer.
The local proximity of the Irondale to the Big seam, as on Red
Mountain east of Birmingham, and the intervening shale and
conglomerate (p. 8 and Pl XV) were the results of this
uplift and erosion.

Next followed perhaps the most notable event in the his-
tory of the region. A slight submergence ensued, and in
the shallow sea or a sheltered lagoon the Big seam of ore
was accumulated. Animals swarmed in the hospitable water,
and their accumulated skeletons formed a coquina-like lime-
stone. In Cahaba Valley and eastward, where the Silurian
is absent, lay an ancient land deeply covered with the
ferruginous soil that had been formed through the decay of a
vast thickness of dolomite and limestone, just such as now
covers large aveas in the Birmingham region. The rivers that
drained this area and emptied into the Silurian lagoon bore
supplies of iron compounds in solution, just like modern
rivers. Through the constant evaporation of the waters of the
lagoon and the constant addition of the iron-bearing solutions
the iron beeame concentrated and was deposited in the coquina,
in time replacing part of the lime carbonate of the skeletal
remains. Thus the Big seam of ore was formed, and on
renewed subsidence it was buried beneath the superincumbent
sandstone and shale. By a repetition of the same conditions
the Ida seam was formed. In the vicinity of Ishkooda an area
was probably uplifted and eroded and a pothole was formed
that penetrated the Big seam (p. 8). This pothole was
formed during or after the time when Penlamerus lived in the
region, for casts of Penfamerus shells occur in the material that
fills the pothole. Of the Cayuga epoch, which lasted during the
remainder of the Silurian period, no record remains in Alabama
except in the extreme northwest corner of the State, where
rocks of this age are believed to be present but are not exposed.

DEVONIAN PERIOD

The gap in the record at the end of the Silurian period
covers also the early part of the Devonian period. Then the
region was again submerged, the submergence beginning in
Oriskany time and continuing into Onondaga time. A few
characteristic Oriskany animals made their way into the south-
ern part of the region and a few Onondaga forms invaded the
Cahaba Valley belt. The remainder of the Devonian period,
an immensely long time, is, however, a blank in this region,
except in so far as the Chattanooga shale, regarded by the
writer as more probably of Mississippian age, may constitute a
meager record that is not susceptible of certain interpretation.
The range of possible interpretations is so great and the
subject so speculative that limits ‘of space preclude further
discussion here. Evidence is accumulating, however, that the
Devonian sea persisted into Hamilton time in a considerable
area at least in parts of 8t. Clair and Calhoun counties lying
to the northeast of these quadrangles,

CARBONIFEROUS PERIOD

The events of the early part of Carboniferous time (Kinder-
hook epoch) are not recorded in the Birmingham district
unless in the Chattanooga shale, and the succeeding Fern Glen



and Burlington epochs are represented only in the lower beds
of the Fort Payne chert. The region was entirely submerged,
however, during Keokuk (Fort Payne) and Warsaw time but
was raised again above sea level during all or parts of St
Louis and Ste. Genevieve time and the early part of the suc-
ceeding Chester time. Then it was resubmerged and so con-
tinued during the rest of Chester time, and, except in the
northern part of the Bessemer quadrangle, hue the Bangor
limestone was deposited, prevailingly earthy sediment accumu-
lated to form the Gasper formation, Hartselle sandstone, Floyd
shale, and Parkwood formation. The deposition of the Park-
wood seems to have been followed soon by the deposition of
the Brock coal and the basal sandstone of the Pottsville of the
Cahaba and Coosa fields, but the area of the Warrior coal field
was above sea level during all or part of Parkwood and early
Pottsville time, as shown by the unconformity between the
Floyd shale and the Pottsville in that aren. The deposits of
Pjnttsnlle time were mud, clay, sand, and vegetal matter,

which formed the Pottsville shiles, &4&{]&&1\% [ beds
The pebbles of chert i ﬂIP_gIEHTIMf coarse conglomerate,
beginning with the Straven conglomerate-menrher;, were doubt-

less derived from ateas of Copper Ridge dom-

bles of quartzite and here and there one of conglomierate were

pmhahtyrmfmgm@mmmmﬁ 1)

in Carboniferons time MEIG rafged-
into land to-the east-and southeast of the coal fields.

The most interesting and valuable deposit of the Pottsville is
coal. Land vegetation hecame abundant and grew luxuriantly
in swampe of vast extent near sea level, in which thick de-
posite of vegetal débris accumulated as in a modern peat bog.
These deposits were covered by sediment and in time converted
by pressure and loss of moisture and gaseous constituents into
bituminous coal. The process was repeated many times, giving
rise to many coal beds, thick and thin. That the coal swamps
were near sea level is proved by the occurrence of marine fossils
over extensive areas of the coal fields at several horizons from
top to bottom of the Pottsville (p. 14). As the plants grew in
the air and the animals lived only in the sea there must have
been alternate emergence and submergence, such as would most
likely take place if the land stood continuously near sea level so
that a slight sinking would permit flooding by the sea. As the
Potteville accumulated near sean level and is about 9,000 feet
thick in the southern part of the Cahaba field, there must have
been constant although, as shown by the coal beds, intermittent
subsidence of the earth’s crust during the long time of its acen-
mulation. The luxuriant vegetation of thie Carboniferous period
consisted largely of great trees allied to modern club mosses and
of smaller plants allied to modern ferns. No flowering plants
had yet appeared.

As a bed of peat about 5 feet thick is necessary to make 1
foot of bituminous coal it is easily seen that at the highest
imaginable rate of growth a very long time was required to
accumulate the coal beds of Alabama, which in the Cahaba
field, for example, aggregate not less than 100 feet in thickness
and thus required an amount of vegetal matter equal to a bed
of peat 500 feet thick.

No record of events during the rest of the Carboniferous period
exists in Alabama. TIn this unrecorded time the Pennsylvanian
coal measures of upper Pottsville, Allegheny, Conemaungh, and
Monongahela age were laid down in western Pennsylvania,
Ohio, Indiana, and Illinois, and above them the Permian series
of the Carboniferous, the last of the deposits of the Paleozoic era.

APPALACHIAN REVOLUTION

The Paleozoic era was one of subsidence and deposition in
the Appalachian Gulf region. It was a constructive era, in
which rock formations were built up. At the end of the
Paleozoic a reverse movement—uplift of the formerly subsiding
area—began, and it has continued ever since. The region
became dry land. As the land emerged from the water it was
attacked by the agents of erosion, which have been active dur-
ing all subsequent time. This great change in the operations
of nature in this part of the earth is known as the Appa-
lachian revolution. Besides the direct uplift that affected the
region there was a lateral westward movement of the crust, the
effects of which are most conspicuous along the Appalachian
Valley (p. 15), where the strata were folded, erumpled, and
faulted and changed from their original horizontal to their
present inclined attitudes, as already deseribed and as shown in
the structure sections. Probably these movements were very
slow and continued long into the Mesozoic era. They must
have been accompanied by violent earthquakes, to judge from
the earthquake results of such comparatively slight movements
as that which produced the San Francisco earthquake and that
on the Red Gap fault, which produced the earthquake in the
Birmingham region a few years ago.

MESQZOIC AND CENOZOIC ERAS

The Mesozoic and Cenozoic were eras of destruction, and
almost no records of them exist in the Birmingham district.
Like all land areas the region was subjected to erosion during
the whole time; a great thickness of solid rock has been
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removed—10,000 feet, for example, in the vieinity of Bir-
mingham—and, as a result, the present hills, ridges, and val-
leys have been carved in the surface of the region.

Cumberland peneplain.—Although erosion has been constant
the upward movements of the crust in the Appalachian High-
lands seem to have been intermittent. Some of the pauses
were so long that extensive areas were worn down nearly to a
plain (peneplain) near sea level. The peneplain of which
there is the best evidence seems to have attained its complete
development in early Cretaceous time, for its marginal parts,
slightly submerged by a tilting movement, were covered by
early Cretaceous deposits on the Coastal Plain. Farther north,
however, the peneplain was more elevated, and in the Cumber-
land Plateau it is now represented by an extensive fairly even
surface, approximately 2,000 feet above sea level. Thence it
slopes southward, connecting approximately with the surface
of Sand Mountain in northern Alabama and that of Blount
Mountain, 1,300 feet high, farther south. Possibly the crest
of Red Mountain and Higher summits of the Warrior and
Cahaba coal fields nearly coincide with the old peneplain, but
it is too obscurely preserved in these southern latitudes to be
surely identified. Because this old peneplain of supposed
Cretaceous age is excellently preserved in the Cumberland
Plateau it is named the Cumberland peneplain. It may be the
same as the Schooley peneplain of New Jersey, which is also
thought to dip beneath the Cretaceous deposits of that area.

Peneplains of later date and lower altitude are preserved in the
Highland Rim of middle Tennessee and in the Coosa Valley
of Alabama. The Highland Rim and Cumberland peneplains
probably converge southward and become indistinguishable in
the Warrior coal field. The surface of this peneplain is shown
in one of the illustrations of the Montevallo-Columbiana folio.

Life of the Mesozoic and Cenozoic eras in Alabama.—There
can be no doubt that the land of the southern Appalachian
region supported the succession of plant and animal life pecu-
liar to each period of the Mesozoic and Cenozoic eras, although
but scanty remains of this life have been preserved or yet
discovered. The leaves of several modern genera of forest trees
have been found in the Cretaceons deposits of Alabama, and
the trees must have grown on the land bordering the Creta-
ceous sea. Among these genera are the fan palm, the sequoia
(“big trees” of California), pine, tulip (“yellow poplar”),
magnolia, sycamore, sassafras, holly, poplar, willow, cinnamon,
fig, and walnut. The oak was living at this time in the
Carolinas, but no specimens have heen reported from Alabama.
In Cenozoie time a number of other genera of trees such as
hickory, pawpaw, cassia (senna), redbud, dogwood, and ash,
made their appearance, and their remains are preserved in the
Focene (lower Tertiary) deposits of Alabama. Two living
senera of ferns, Lygodiwm (climbing fern) and Asplenium
(spleenwort), are also recorded from the Alabama Eocene.

Among the animals modern types of clams and fishes prob-
ably inhabited the rivers of Alabama throughout the Mesozoic
era and the Tertiary period of the Cenozoic era, as they did the
rivers of other regions during these times. The great reptiles,
the dinosaurs and others that inhabited the Rocky Mountain
region, also probably roamed through the forests and over the
plains of Alabama, although any morasses in which any of
them may have been mired and preserved were removed in the
general course of erosion. The strange mammals that are so
well known from remains found in the Tertiary deposits of
the West, also doubtless lived in Alabama, but like the dino-
saurg and for the same reason they have left no traces. In
early Quaternary time, while the northern part of North
America was buried in the ice of the glacial epoch, the masto-
don, megatherium, cave bear, saber-toothed tiger, and a host of
other recently extinet animals inhabited the Alabama region,
and we may believe that the first human being to tread the
soil of Alabama was a contemporary of these extinct animals.

It will be dimly perceived perhaps from this brief history
that the present is only a stage in the unceasing evolution of
the earth and its inhabitants and is genetically connected with
a remote past as well as with an equally remote future. The
beginning of this mighty train of events we can not know,
and its end we ean not foresee.

ECONOMIC GEOLOGY

The mineral resources of the Bessemer-Vandiver area con-
sist of coal, iron, dolomite and limestone, shale and clay, road
metal, chert, building stone, sand, lime and cement materials,
soil, and water. The most valuable of these resources are
coal, iron, and dolomite, for these are the raw materials of iron
making, the principal mineral industry of the region. A
necessary condition for the profitable operation of the iron-
making industry in Alabama is the proximity of the deposits
of coking coal, iron ore, and dolomite or limestone to one
another. Red Mountain forms the western edge of the ore-
bearing area; the eastern edge of the Warrior coal field is 5
miles distant; and in the valley between is the dolomite.
The raw materials for iron smelting are therefore cheaply
agsembled in this region.

-~

COAL

GENEIRAL FE ATURES

As shown on the map (fig. 7), the coal measures of Alabama
lie in four different fields—the Plateau, Warrior, Cahaba, and
Coosa fields. The Bessemer-Vandiver area includes parts
of the last three fields mentioned. The number, names,
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Figure 7.—Sketch map showing the location and extent of the Alabama
eoal fields

sequence, grouping, and correlation of the coal beds are shown
in Figure 5. The coal of this district is a high-grade bitu-
minous coal, all of it being excellent for making steam and for

_domestic use and. much of it for making coke and gas. The

coal along the east side of the Warrior field is regarded as the
best coking coal in the State. Analyses of 19 samples of these
coals, as they come from the mine, are given in the table on
page 20; the average composition iz approximately 3.0 per
cent moisture, 29.9 per cent volatile matter, 61.0 per cent fixed
carbon, 6.4 per cent ash, and 1.19 per cent sulphur.

COALS OF THE WARIRIOK FIELILY

The Bessemer quadrangle includes in the northwest corner
a small part of the Warrior coal field.

The coals of the Warrior field are more or less dlst:mct]_',r
separated into groups, which were named by McCalley, in
ascending order, the Black Creek coal group, including the
Black Creek, Jefferson, and Lick Creek coals; the Mary Lee
coal group, including the Ream, Jagger, Blue Creek, Mary
Lee, and Newcastle coals; the Pratt coal group; including the
(iillespie, Curry, America, Nickel Plate, and Pratt coals; the
Cobb coal group, including the Cobb upper and Cobb lower
eoal; the Gwin coal group, ineluding the Thompson Mill and
Gwin beds; and the Brookwood eoal group, including the
Carter, Milldale, and Brookwood coals. The beds of the last
two groups do not oeccur in the Bessemer-Vandiver area.

BLACK CREEK COAL GROUF

The Black Creek coal group does not erop out in the Besse-
mer quadrangle owing to the Wylam and Opossum Valley
faults, as shown in section B-B’ of the Bessemer quadrangle.
A coal identified as Black Creek is exposed on the electric
railroad between Thomas and Pratt City, 2 miles northeast of
Wylam, and the same bed is exposed at a number of places
near Valley Creek, 6 miles sonthwest of Pleasant Hill Church.
At both places a workable bed, 2 feet thick or more, is indi-
cated. It is probably a workable bed in the Bessemer quad-
rangle. Nothing is known of the other coals of the group in
this area.

MARY LEE COAL GROUP

The Mary Lee coal group probably crops out a short dis-
tance west of the Boyles sandstone for a mile or two northeast
and southwest of Dolomite, thin coals being exposed at several
places along this strip. The only coals observed, however, are



made up of thin layers a few inches thick separated by shale
bands as much as 5 feet thick. Borings that penetrate the
Mary Lee group in this territory show that the different beds
of the group can be recognized but are greatly split up and
that workable benches occur only in the .Jagger and Blue
Creek beds. The same split-up condition that is characteristic
of the beds of the Mary Lee group throughout the eastern part
and probably through the whole Warrior field persists in
stronger development in this part of the field. The compar-
atively thin layers of clay or shale in the Mary Lee bed else-
where are represented here by layers of shale as much as 5 feet
thick, which separate the thin layers of coal so widely that
the bed is worthless. A section obtained 1 mile northeast of
Dolomite is an example. (See fig. 8, section 1.) In the Besse-
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Fravre B —Section of Mary Lee, Fratt, and Nunnally coal beds
1, Mary Lea coal 1 mile northenst of Dolomite ; 2, Pratt coal at No, 2 mine, Dolomite ; 3, Lower
Runnally conl on Patton Creck near center of sea. 28, T, 19 8., R.8W. | 4, Lower Nunnally conl
at Acton Forl ; §, Lower Nunnally coal 1 mile northeast of Acton Ford, 8E. 3 sec, 8, T, 10 8.,
H. 2W.; 6, Lower Nunnally conl half o mile south of pumping station, Birmingham water-
works, Seale: 1inch-=5 faat
mer quadrangle the Jagger and Blue Creek beds are in better
condition than the Mary Lee, each having a workable bench
2 feet 6 inches thick, with which are associated thinner layers

that are separated by a greater or less thickness of clay or shale,
PRATT COAL GROUP

The Pratt coal group erops out from Wylam to a place 2
miles southwest of Dolomite, where its outcrop is cut off' by the
Opossum Valley fault. As the other beds of the group are
deeply covered by rock waste, none of them are known on the
outerop except the Pratt, and that one only where it has been
opened in mines. They dip steeply to the northwest along
their outerops.

Gillespie and Curry coal beds.—Borings show that a num-
ber of thin layers of coal occur through a wide zone that may
be broadly correlated with the Gillespie bed. Still higher
there are a number of benches that correspond in a general
way to the Curry bed. One of these benches, 220 feet below
the Pratt coal, is 2 feet 6 inches thick.

America (Double) and Nickel Plate (Cardiff) coal beds.—
The America bed, or at least its main bench, is 123 feet below
the Pratt bed at the top of the Pratt group. This bed has
been exposed in Wylam and Ensley, and sections measured at
these places are published in the Birmingham folio (p. 18).
In the Bessemer quadrangle, as revealed by borings, there are
a number of layers separated by shale that may be assigned to
this general horizon. One main bench, however, 123 feet
below the Pratt is 3 feet 11 inches thick and has a 3-inch
parting in the middle. A thin bed 28 feet below the Pratt is
regarded as the Nickel Plate. It is not known to be minable
in the Bessemer quadrangle, but either the Nickel Plate or
America bed is minable at the Virginia mine, 5 miles south-
west of Pleasant Hill Church.

Pratt coal bed.—The Pratt is a valuable bed throughout the
part of the Warrior field in the Bessemer quadrangle and is
extensively mined by the Woodward Iron Co. at the Dolomite
mines. At both mines it is over 6 feet thick, including part-
ings. (See fig. 8, section 2.) The quality of the coal in this
locality is of the very best, as shown by analyses 3579 and
3680 in the table on page 20. The low content of sulphur
and ash permits coking without previous washing,

COALS OF THE CAHABRA FIELD

The Cahaba coals have been fully described by Squire and
by the writer.23 In this field there are ten coal beds workable
in large enough areas to be of commercial importance. In
ascending order these beds are the Gould, Lower Nunnally,
Middle Nunnally, Harkness, Wadsworth, Buck (Atkins),
Youngblood (Black shale), Clark, Thompson, and Helena.

GOULD COAL GROUP

There appears to be more than one bed at the general
horizon of the Gould coal, but only one workable bed is
known in any section. At the entrance to the Bamford mine
the bed worked is 20 inches thick. It is reported to range in
thickness from 1 foot 6 inches to 3 feet and to have an average
of 2 feet of clear coal. The site of the original mine on this bed,

2 3quire, Joseph, Report on the Cababa eoal field, 181 pp., 1 pl., Ala-
bama Geol, Burvey, 188, Butts, Charles, The northern part of the Cahaba
eoal fleld: U. 8. Geol. Survey Bull. 816, pp. T6-115, 1907,
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operated many years ago by William Gould, from whom the
bed was named, is said to be 4 miles northeast of the Bamford
mine. This mine in 1906 was called the Star Cahaba No. 1,
but later the name was changed to Elvira. At last accounts it
was not operating. At this mine the bed differs much in
thickness, as shown by an inerease from 1 foot 6 inches at the
entrance to 4 feet at a place 200 feet down the slope. The
composition of the coal at this mine is shown by analysis 3646
(p. 20). Just north of the Louisville & Nashville Railroad at
Elvira two of the beds of this group have been exposed in
prospect pits and grading operations. The upper bed is 2 feet
and the lower bed 1 foot 6 inches thick. Half a mile south of
Rocky Ridge Church a thickness of 3 feet is reported for one
of these beds. Across the northwestern part of the Vandiver
quadrangle the coal beds of this group, if present, are prac-
tically unknown., In Little Valley Mountain the bed is not
known to be workable. It is a fair conclusion that the (Gould
group contains the equivalent of a bed 2 feet thick on its out-
crop across the Bessemer quadrangle.

KUNNALLY COAL GROUP

General features,—The Nunnally group of coals, named by
Squire from the Nunnally farm, 1 mile northwest of Sydenton,
is also called by the same author the Five group in an area
southwest of the type locality where five thin coal beds com-
prise the group. Locally, as to the north of Greenlee Ford
and northeast of the Cahaba pumping station in the Vandiver
quadrangle, the group carries one to three workable beds of
coal. Near the south margin of the DBessemer quadrangle
there are apparently two beds identified as belonging to this
group. At two places, one in the eastern part of sec. 34, and
the other in the southern part of sec. 25, T. 20 S, R. 4 W., a
thickness of 24 and 27 inches respectively is reported for the
upper bed, and in the western part of sec. 35, in the same
locality, a thickness of 40 inches is reported for the lower bed.

Lower Nunnally coal bed.—Between the loeality just de-
seribed and sec. 23, T. 19 8, R. 3 W., no workable beds are
known in this group. Near the center of sec. 23 a bed
regarded as the Lower Nunnally is 3 feet 9 inches thick.
(See fig. 8, section 3.) Just east of Acton Ford, in the north-
west corner of sec. 17, T. 19 8., R. 2 W., the bed is 4 feet 61
inches thick. (See fig. 8, section 4.)

About 1 mile northeast of Acton Ford, the bed is 3 feet
3 inches thick and has more partings at the top. (See fig. 8,
section 5.)

The outcrop of the bed is traceable northward for several
miles, and openings have been made on it at several places, but
its thickness and character could not be determined. Near the
center of sec. 26, T. 18 8., R. 2 W,; 1 mile south of the pump-
ing station, the bed is 2 feet thick, and half a mile to the
north, in the southern part of sec. 23 of the same township,
the bed is 3 feet 6 inches thick. (See fig. 8, section 6.)

For 2 miles north of the locality last deseribed practically
nothing is known of the Nunnally coals. In this strip there
is reason to suspect that the rocks have been subjected to con-
giderable disturbance in which a segment of the crust including
the coal beds has perhaps been faulted out at the surface, In
the NW. 1 sec. 13, T. 18 8., R. 2 W., however, and north-
ward, the outcrop of the Lower Nunnally seems to be certainly
identifiable, and the bed is from 2 feet 6 inches to 4 feet 4
inches thick. The greatest thickness is shown in an opening
in the BE. 1 sec. 1, T. 18 8, R. 2 W. (See fig. 9, section 1.)

North of the last-named locality the bed deteriorates, as shown
in the SW. 1 sec. 32, T. 17 8, R. 1 W. (See fig. 9, section 2.)

Middle Nunnally coal bed.—In the 8. 1 sec. 18, T. 19 8,,
R. 2 W, about 2 miles south of Rocky Ridge Church, a thick
bed of coal has been prospected at two places half a mile apart.
It is called the Middle Nunnally, because it is the middle one of
three beds of good thickness in this locality. At one opening
the bed is 9 feet 7% inches thick. (See fig. 9, section 3.) No

FirauRrEg 9.—Sections of Nunnally coal bads

1, Lower Nunnally coal in 8E. 4§ sec. 1, T.18 8., K. 2 W, ; £, Lower Nunnally conl in §W, 1§ sec.
T 17 8., BE. 1 'W.: 8, Middle Nunoally conl in 8 3§ see, 18 T,.10 8, K, 2 W, 4, Middla
Nunnally coal in 8W, 14 see, 12, T. 18 5, R, 2W, ; 5, Middla N’unm:ﬂ]y enal In NE. 4 ssc. 18,
T, 185., R. 2 W.; 6, Middle Nunnally coal in 8W. i sec. 32, T, IT &, R. 1 W. Scale: 1 inch=
& feat

bed of such thickness in this position was found south of this
locality nor to the northwest for a distance of 9 miles. At an

. opening in the SW. 1 sec. 12, T. 18 8, R. 2 W., a bed

regarded ags Middle Nunnally is 1 foot 9 inches thick, (See
fig. 9, section 4.) On the river bank in the NI. 1 of the same

section the bed is much thicker. (See fig. 9, section 5.) Just
north of the margin of the quadrangle the bed is 6 feet thick
and has 1 foot of bone near the middle. (See fig. 9, section 6.)

The facts set forth above indicate that the Middle Nunnally
is locally wvaluable. Possibly more thorough prospecting
would show it to be of workable thickness and quality through-
out still larger areas.

Upper Nunnally coal bed.—The Upper Nunnally coal bed
was seen in the SE. } sec. 18, T. 19 8., R. 2 W,, where it is
2 feet thick and lies between beds of sandstone. Some indi-
cations of a bed of workable thickness were also seen in sec.
12, T. 18 8, R. 2 W, and thence northward along the river
to the north margin of the quadrangle.

HARKNEZE COAL BED

The Harkness bed is not well known in the Bessemer quad-
rangle. At the Harkness farm, on the Louisville & Nashville
Railroad in the SW. ] see. 4, T. 20 8., R. 3 W, which is said
by Squire to be the type locality of the bed, there is a thin
worthless coal, but there is some doubt whether it is the bed
named Harkness in the northern part of the Cahaba field.?4
Near the center of sec. 17, T. 20 8., R. 3 W., on the west limb
of the Tacoa anticline, a thick bed of black shale and bony
coal regarded as the Harkness is exposed in a cut of the
Atlanta, Birmingham & Atlantic Railway.

From the Harkness farm northward to and beyond the
Cahaba pumping station, in the Vandiver quadrangle, practi-
cally nothing is known of this bed. North of the pumping
station, from the 8W. 1 sec. 13, T. 18 5., R. 1 K., to the north
margin of the quadrangle the bed runs about 4 feet thick and
contains more or less bony coal.

WADSWORTH COAL BED

The Wadsworth bed is so named because it was mined long
ago by Frank Wadsworth at Tacoa station. A mine recently
opened about a mile southwest of Falliston is also probably on
this bed. Although not known to the writer the Wadsworth
coal undoubtedly crops out in the belt of vertical rocks around
the Tacoa anticline to the northeast of Tacoa and thence south-
ward on the west limb of the anticline to SBydenton, where it
was once mined, and half a mile farther south to the old Star
Cahaba No. 2 mine. It is uncertain whether the outcrop
crosses the axis of the Belle Ellen syncline near the old No. 2
mine and turns back northward or continues southward and
crosses the axis at some point in the Montevallo quadrangle.
It has been mapped doubtfully by broken lines, according to
the second supposition. If this supposition is correct, however,
the bed underlies but a very narrow strip along the synclinal
axis. In the vicinity of Sydenton there are three abandoned
mines, which are shown on the map. At the old Star Cahaba
No. 2 mine, half’ a mile southwest of Sydenton, a section was
measured. (See fig. 10, section 1.) The composition of the
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Fravre 10.—Bections of Wadsworth, Pomp, and Buck coal beds
1; Wadsworth eoal at Star Cahaba mine Ko, 2, south of Sydenton ; 2, Wadsworth coal, half & mils

north of Langston Ford ; 8, Wadsworth coal at pumping station mine, Birmingham water-
works; 4, Wadsworth coal in BE, 1 BW. I sec. 7, T. 18 5., R. 1 W, ; 5, Pump coal on ereek at
switeh and water tank half o mile south of Tacon; 8, Buek (Atking) conl at Falleston mine,
Scale: 1 inche==0 fent
coal is shown in analysis 3770 in the table (p. 20). The bed
in this vicinity is reported by Squire to average 3 feet 3 inches
in thickness. At Langston Ford, 1} miles northwest of
Sydenton, the bed was measured. (See fig. 10, section 2.)
Very little is known of the bed between Langston Ford and
the vicinity of the pumping station in the Vandiver quad-
rangle. A bed of which 18 inches is exposed near the center
of sec. 16, T. 19 8., R. 2 W., is regarded as the Wadsworth.
At the mine at the pumping station the bed, which is tenta-
tively identified as the Wadsworth, is more than 6 feet thick.
(Bee fig. 10, section 3.) The bed has been prospected farther
north and shows from 4 to 6 feet of coal. Ata pit in the
SE. 1 SW, 1 sec. 7, T. 18 8., R. 1 W,, it is made up as shown
in section 4 of Figure 10. On the wagon road just south of the
northern boundary of the quadrangle it has been opened, and
a thickness of 6 to 8 feet is indicated. It is a valuable bed in
this part of the Cahaba field.

BIG BONE (COKE OVEN) COAL

The Big Bone coal bed of the region south of these quad-
rangles, which was supposed to be the Harkness by the writer
in another report,*5 has been traced northward to a point near
Tacoa, and it apparently connects with the Coke Oven bed of

#4 Butts, Charles, The northern part of the Cahaba ecoal fleld: T. 8.
Geol. Burvey Bull. 818, pp. T86-115, 1007.

*f Butts, Charles, The southern part of the Cahaba coal fleld, Ala.:
. 8. Geol. Burvey Bull. 451, pp. 83-146, 1911,



Squire. Its extension north of Tacoa is not certainly known,
but it appears to break up into a number of thin beds, which
may be the same as the group of thin worthless beds designated
by the geologists of the Tennessee Coal, Iron & Railroad Co.
the Big Dirty coal, or at least is included in that group. Its
probable horizon is mapped with a broken line. It is not
known to be of value in the Bessemer quadrangle.

PUMP COAL (ALICE AND JONES BEDS)

The Pump coal bed was examined only at creek level just
west of the water tank half a mile south of Tacoa, where the
bed has the section shown in section 5 of Figure 10.

According to Squire, there is another bed only a small dis-
tance below this. The two beds correspond to beds above the
Big Bone in the Montevallo quadrangle, called Alice and
Jones by the prospectors of the Tennessee Coal, Iron & Rail-
road Co., who traced those beds northward to the vicinity of
the water tank above mentioned. In the Montevallo quad-
rangle, at a locality 5 miles south of the margin of the Besse-
mer quadrangle, these beds are about 40 feet apart and 2} to
3 feet thick with partings.

BUCK (ATKINS) COAL BED

At the Falliston mine the Buck bed contains 2 feet 5 inches
to 3 feet of clear coal. (See fig. 10, section 6.) The ehemical
character of the coal is shown in analysis 3744 (p. 20). The
bed probably persists north of this locality and is probably one
of a number of apparently thin beds which are present in the
Acton basin and which show in the road southeast of Bains
Bridge. In the Little Cahaba basin a bed exposed on Coal
Branch in the central part of sec. 18, T. 18 5., R. 1 W. (see
fig. 11, section 1), seems to lie at the horizon of the Buck, and
this view is corroborated by the existence of another bed a
short distance above in the relative position of the Youngblood
(Black shale) bed. (See fig. 11, section 1.)

At points one-fourth of a mile distant on either side of the
locality in sec. 18, T. 18 8., R. 1 W, the bed, though it differs
somewhat from its composition in that locality, still has a clear
bench of 27 inches on the south side and 26 inches on the
north side.

YOUNGBLOOD (BLACK SHALE, COKE) COAL BED

The Youngblood seems to be a valuable bed along the
whole length of its outcrop. Ina eut on the Louisville &
Nashville Railroad half a mile north of Mossboro, which is
just beyond the sonth margin of the Bessemer quadrangle, the
bed is 3 feet 2 inches thick, apparently all clear coal. In the
vicinity of Falliston 2 feet 8 inches to 5 feet of coal is reported.
A quarter of a mile south of Buck Creek the bed is 4 feet 3
inches thick. (See fig. 11, section 2.)

North of Buck Creek the bed is believed to make a large
zigzag outerop around the axes of the Tacoa anticline and
Belle Ellen syncline, where the rocks are vertical, the outerop
crossing the syncline in the vicinity of Sydenton and extend-
ing thence northward along the west limb of the syncline to
the Helena fault about on the east margin of the Bessemer
quadrangle. At a prospect on Bailey Brook in the western
part of see. 19, T. 19 8, R. 2 W,, a bed identified as the
Youngblood is 3 feet 4 inches thick. (See fig. 11, section 3.)
In the Little Cahaba basin a bed close above the Buck bed
near the center of sec. 18, T. 18 8., R. 1 W, regarded as the
Youngblood, is 21 inches thick.

CEARE (LITTLE PITTSBURG Y, MOYLE?) COAL

The Clark coal bed, well known in the Montevallo quad-
rangle, has been traced northward to a point where it seems to
fall into the position of the Little Pittsburg on Buck Creek.
Just south of the Bessemer quadrangle the bed is 15 inches
thick. At Coalmont it is reported to average 4 feet thick
in Coalmont Nos. 1 and 2 mines. Elsewhere in the quad-
rangle the bed is of doubtful value, but a bed that may be
so identified shows a good thickness at some places in the
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Frovnre 11.—Hections of Buek, Youngblood, Clark, and Thompson (upper)
coal beds

1, Buck (Atkins)? coal on Coal Bed Branch, SE. & NW.3 NE 4 sec. 18, T. 18 5. K. 1 W.; &,
Youngblood {Black shale¥) conl onc-fonrth mile gouth of Buck Creek and about half a mile
west of Helenn ; 3, Younghlood (Black shale) coal on Bailey Brook, W, 1§ sec, 10, T. 10 8., H.
@ W.: 4, Clark (Little Pittsburg!) coal on Buck Creek about half a mile west of Helena; &,
Thoempaon coal at Coalmont mine; 6, Thompsen coal two-thinds of & mile southenst of Baing
Bridge. Scale: 1 inch=—05 feat

Acton and Little Cahaba basins. An effort was made to

mine this bed (Little Pittsburg) on Buck Creek half a mile

west of Helena, the type locality of the Little Pittsburg. A

measurement was made on the weathered outcrop. (See fig.

11, section 4.)

Bessomaer-Vandiver
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In the Acton basin, on the road three-quarters of a mile
southeast of Bains Bridge, a bed of clear coal 2 feet thick may
be the Clark (Little Pittsburg ?).

On the west side of the Little Cahaba basin in Coal Bed
Branch, in the northwest corner of sec. 19, T. 18 8., R. 1 W,
the bed shows 3 feet 9 inches of coal, but 6 feet is reported, and
at a place near by 5 feet is reported.

On the east side of the basin, in the 8W. 1 NW. 1 sec. 9,
T.18 S, R. 1 W, the bed, if it is the same as that just
described, is broken into four or five benches 2 to 4 inches
thick separated by 2 to 8 inches of clay, and its worthless
character at this place is evident.

GHOLSON COAL

The Gholson bed, which is of good thickness several miles
south of the Bessemer quadrangle, has been traced to a point
about 1 mile north of Coalmont but is not known farther
north. It may be the same as the Quarry or Smith Shop bed
of Squire on the Louisville & Nashville Railroad a short dis-
tance west of Helena. At Coalmont No. 1 mine, however, it
is reported to average 4 feet in thickness.

THOMPSON (LOWER) COAL BED

The Thompson (lower) coal bed in the Bessemer quadrangle
is just beneath the Straven conglomerate (see p. 14), whereas
the Thompson bed of the Montevallo quadrangle is said by the
geologists of the Tennessee Coal, Iron & Railroad Co. to over-
lie the Straven conglomerate. To meet this situation the
names Thompson (upper) and Thompson (lower) have been
adopted. The Thompson (upper) bed does not extend into
the Bessemer guadrangle, at least as a minable bed. The
Thompson (lower) bed appears to be minable only in the
Eureka basin syncline in the Bessemer quadrangle. (See
economic-geology map.) On account of the fact that the bed
is close below the Straven conglomerate, it is also called the
Conglomerate coal bed. The bed is mined at Coalmont, where
its condition is as shown in section 5 of Figure 11. The com-
position of the coal here is given in analysis 3745 (p. 20).
At the north end of the Eureka basin the bed is said to be 5
feet thick. In the Helena basin the bed is reported to be
irregular in thickness on account of the conglomerate roof, by
which the eoal is liable to be displaced at any point. In the
Acton basin the bed is variable. At Acton No. 2 mine it is
full of clay partings and practically worthless (see fiz. 11, sec-
tion 6), but at Acton No. 1 mine, 1 mile northwest of Acton
No. 2, it isin better condition. (See fig. 12, section 1.) It was
not seen in the Little Cahaba basin.

HELENA COAL BED

The Helena bed is the uppermost minable coal in the
Bessemer quadrangle. It was mined years ago halt a mile
south of Roebuck, where Squire reports the coal to be 4 feet
thick and to have 2 to 3 inches of bony coal near the middle.
It is reported to be 5 feet thick at the northern extremity of its
outerop in the Eureka basin and to average 4 feet 6 inches in
thickness at Coalmont No. 3 mine, at the south edge of the
Bessemer quadrangle. It probably is a minable bed throngh-
out the area underlain by it in this basin.
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Fravire 12.—Sections of Thompson and Helena coal beds

1, Thompson coal, 1 miles east of Bains Bridge; 2, Helena coal in NE, 1§ sec. 10, T. 20 8., R. &
W.: 8 Helena coal in 8W, 4 sec. 10, T, 8308, R, 8 W, ; 4, Heleon coal 13§ miles east of Bains
Bridga: 5, Halens coal in Acton mine No. 2, main eotry ; 6, Helena eoal I Acton mine Na, 2,
100 feat down main slope. Scale: 1 inch=5 foat

Squire reports that the bed is only 6 inches thick at the south
end of the Helena basin, but near the north end its thickness
and character make it a valuable bed, although its area is small.
(See fig. 12, sections 2 and 3, which are taken from Squire.) In
the NW. 1 sec. 2, T. 20 8., R. 3 W, the bed is 8 feet 5 inches
thick and has a 6-inch parting of shale 2 feet above the bottom.

In the Acton basin the bed is also in good condition and
was mined at Acton No. 1 mine. It varies considerably,
however, as shown by sections 4, 5, and 6, in Figure 12.
Analysis 3771 (p. 20) shows the composition of the coal at
Acton No. 2 mine, 1 mile southwest of Acton No. 1. In the
Little Cahaba basin the Helena is a thick bed but underlies
only a small area along the axis of the V-shaped syncline.

YESHIC () COAL

A thin coal in the Eureka basin above the Helena is
probably the Yeshie, which is not known to be minable in the
Bessemer quadrangle.

COOSA COAL FIELD

The writer has no detailed knowledge of the coals of the
Coosa field in these quadrangles, and in fact no such informa-
tion iz obtainable, for no adequate prospecting on them has
been done. A few test pits have been sunk on a number of
steeply dipping beds, but the pits were in such a condition
that no satisfactory examination could be made.

Cunningham coal bed,.—On the Cunningham estate, in the
NW. 1 see. 10, T. 20 8., R. 2 W., a bed of coal about 7 feet
in thickness has been opened. The bed dips eastward. In the
writer's opinion it lies in a narrow syncline overturned on the
southeast, as shown in structure section D-D1) of the Vandiver
quadrangle. Indications of the bed, although the layers are thin,
were observed in a railroad cut at Tafton. In the absence of
positive proof to the contrary, it seems best to assume that in
this loeality there is but a small area of coal as thick as that at
the Cunningham opening. The stratigraphic position of this
bed is close above the Shades sandstone, as shown in the
columnar section for the Coosa field and in Figure 5.

Coal associated with a stratum of black shale is reported by
A. M. Gibson on Muddy Prong of Yellowleaf Creek in secs.
34 and 35, T. 18 8, R. 1 E, and sec. 4, T. 19°'8S,, R. 1 E.
This locality was not visited by the writer, who, however, saw
the black shale at other places. A coal bed 18 inches thick
ig also reported by Gibson in the NE. 1 sec. 15, T. 20 8,,
R. 2 W., where the coal is said to be about 50 feet above the
Shades sandstone. It is thus in the same position stratigraph-
ically as the Cunningham bed and that of the Campbell bed of
the Cahaba field as deseribed in the Birmingham folio.

Clow eoal bed.—There are indications of the Clow bed close
above the Pine sandstone from Yellowleaf Narrows to a point
east of Little Narrows, but nothing further is known of it.

Nivens coal bed.—The Nivens coal bed, about 200 feet above
the Clow, has been uncovered in grading operations on the
Atlanta, Birmingham & Atlantic Railroad just east of Yellow-
leaf’ Narrows. At this place the bed is 6 feet thick and dips
steeply to the east, but the coal is so thoroughly weathered
that it is impossible to ascertain the character of the bed. It is
unknown elsewhere, but a pit in see. 32, T. 20 8, R. 2 W,
may be on the same bed, and it is mapped as possibly extend-
ing southward to that point.

Howard conl bed.—The Howard coal bed, which is appar-
ently about 400 feet above the Pine sandstone member and
therefore about 200 feet above the Nivens coal, is reported to
be 2 feet 8 inches to 2 feet 10 inches thick at the Howard farm,
in the SE. 1 sec. 3, T. 19 8., R. 1 W,, but it is not known as a
workable bed elsewhere. It probably lies in a nearly flat atti-
tude in the bottom of the Dunnavant syncline and thus in a
structurally favorable condition for mining. The Howard is
correlated with the Gould coal of the Cahaba coal field.

Wolf Ridge conl bed.—The Wolf Ridge coal bed, which is
known only by report, is probably thin and may be dismissed
without further comment. It is about 600 feet above the
Howard bed.

Straight Ridge coal bed.—The Straight Ridge coal bed, 800 feet
above the Wolf Ridge bed, is reported to reach a thickness of 2
feet but could not be observed at the time of the writer's survey.

Maritin coal bed.—The Martin coal bed, which lies 750 feet
above the Straight Ridge bed, is said to have great thickness.
At some places it is undoubtedly thick, but so far as the writer
could observe it differs greatly in thickness from point to point.
As a thin bed is known not far above it and as the bed dips
steeply it may not be correctly identified at all points on its
supposed outerop. Half a mile south of Calvary Chureh, in
the highway just north of the bridge across Yellow Creek, the
bed if correctly identified is only a few inches thick. Farther
west, in the 8. § sec. 24, T. 20 8,, R. 2 W., the bed is about 2
feet thick and apparently is all clear coal. On the Minor
farm, in the SE. } sec. 14, T. 20 5., R. 2 W,, the bed is 3} to
6 feet thick but was so badly slumped when it was examined
that reliable detailed measurements could not be made. In the
sonthwest corner of sec. 7, T. 20 8., R. 1 W,, an entry had
been driven 20 to 30 feet on a 2-inch to 12-inch bed that
appears to lie at the horizon of the Martin coal. Half a mile
northwest of Coalville, on the Martin farm, the type locality,
the bed has been extensively prospected and is reported to be
12 feet thick. The openings, however, were in such condition
that the bed could not be examined, and no definite statements
concerning the thickness and character of the bed are warranted.
(Gibson, 2 who examined the bed when the opening was made,
says that the bed consists of solid coal 12 feet 10 inches thick.
At Chelsea an old opening was pointed out in which the coal
is reported to be 2 feet thick. The bed .has been prospected
extensively in the northeast corner of sec. 26, T. 198, R. 1 W.
At one place an opening had been driven in a considerable
distance and the bed is 12 to 14 feet thick, but detailed sec-
tions were not obtainable. At another pit a few yards west of
that opening the coal is 3 feet thick. The great thickness at
the first opening appears to be due to a squeeze that has
resulted from the bending of the rocks around the axis of the

#* (iibson, A. M., Heport upon the Coosa coal field with sections, p. 126,
Alabama Geol. Survey, 1595,



Yellow Branch .anticline, which probably lies near this place.
(See map.) In a long outcrop on the Wilder farm, in the
SE. 1 sec. 24, T. 19 8, R. 1 W., according to Gibson,*7 this
bed iz 4 to 6 feet thick.

MINING CONDITIONS

The coal beds of the Cahaba and Coosa fields are generally
inclined at angles exceeding 20°. In some places the beds are
vertical or nearly so; in others they have a low dip or lie
practically flat. The lay of the beds at any place can be
determined by sections and dip symbols on the maps. In
general the rocks that overlie and underlie the coal beds are
stable and give no unusual trouble in mining; at least the
writer has heard very few complaints in regard to these con-
ditions. Neither is there any unusual trouble from water or
gas. The construction of railroads to the mines presents no
great difficulties. At present abundant timber and water is

obtainable in immediate proximity to the mines.
GENERAL CHARACTER OF THE COAL

The chemical composition of the coal is shown by the sub-
joined table of analyses by the United States Bureau of Mines.

Analyses of coal from the Warrior and Cahaba coal flelds in the
Bessemer-Vandiver district, Ala,

[F. M. Stanton, of the U, 8. Geol, Survey, and H. H, Cooper, of the Bureau of Mines, nnalysts]
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3559, Dolomite No. 2 mine, Pratt bad, 77-inch cut.
4540, Dolomite No. 2 mine. Pratt bed, 88-inch cut.
4202, Dolomite No. 2 mine, room 30 off west entry 81, Pratt bed, 48§-
ineh cat.
4208, Dolomite Ko. 2 mine, east entry 20, Pratt bed.
43858, Dolomite No. 2 mine, run of mine 1. Pratt bed.
4358, Dolomite No. 2 mine, run of mine 2.  Pratt bed.
(%} Dolomite No. 3 mine of Woodward Iron Co.  Pratt bed.
3771, Acton No. 2 mine, in Acton basin, 5 miles northeast of Helena.
Helena bed, 63-inch cut.
80488, Hoebunek No. 3 mine of Eureka Coal Co., at Helena. Helena bed.
#745. Coalmont mine. Thompson bed, 5%-inch eat.
4769, Prospect in Acton basin, 43 miles northeast of Helena,  Thompson
bed, 15-inch eut on lower bench near mouth of slope.
#4835, Roebuek No. 4 mine of Eureka Coal Co., at Helena. Thompson
[HIE
#0482, Coalmont No. 4 mine of Brookside-Pratt Mining Co., at Coalmont.
Thompson bed.
#0427, Coalmont No. 2 mine of Brookside-Pratt Mining Co.. at Coal-
mont. Clark bad.
#744. Falliston mine, half o mile east of Falliston. Buoek bed, 28-inch
cut.
2770, Star Cahaba No. 2 mine, 1 mile west of Tacoa. Weathered 3-foot
eut on Wadsworth bed at entrance to mine.
#0800, 80384, Cahaba mine of Birmingham Waterworks Co.  Wadsworth
Ll
46, Star Cahaba No. 1 (Elvira) mine, 1 mile west of 8ydenton. Gould
bed at 4-foot entry.

#7 Op. eit., 138,
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The samples of coal were obtained by channeling the bed
from top to bottom and rejecting the impurities that are
rejected in mining. About 50 pounds of coal was thus cut
from a fresh working face and reduced by pulverizing and
quartering to a sample containing 1 quart. This sample was
sealed in a galvanized-iron ean, in which it was transmitted
to the chemical laboratory. By these means analyses were
obtained that probably nearly represent the actual composition
of the coal as it is mined. A number of other analyses are
published in Squire’s report on the Cahaba field.

In the table the analyses are given in three forms, marked
A, B, and C. Analysis A represents the sample as it comes
from the mine. This form is the one best suited for a com-
parison of one coal with another. Amalysis B represents the
sample after it has been dried at a temperature a little above
the normal until its weight becomes constant. Anmnalysis B
thus represents the theoretical condition of the coal after all the
moisture hag been eliminated. Analysis C represents the coal
after all moisture and ash have been theoretically removed.
This form is supposed to represent the true coal substance, free
from the most significant impurities. Analyzes B and C are
obtained from analysis A merely by recalculation. They
should not be used in determining the value of the coal for
practical purposes, for they represent theoretical substances
that do not exist.

In the analytical work it is not possible to determine the
proximate constituents of coal or lignite with the same degree
of accuracy as the ultimate constituents. Therefore, in the
proximate analyses the moisture, volatile matter, fixed carbon,
and ash are given to one decimal place only, whereas in the
ultimate analyses the ash, sulphur, hydrogen, carbon, nitrogen,
and oxygen are given to two decimal places. The determination
of the ealorific value to individual units is not reliable, and
hence the British thermal units are given to the nearest tens.

According to these analyses, the Pratt coal of the Warrior
field in the Bessemer quadrangle averages 3.2 per cent mois-
ture, 26.6 per cent volatile matter, 65.2 per cent fixed carbon,
5.0 per cent ash, and 0.74 per cent sulphur. The coals of the
Cahaba field average 2.8 per cent moisture, 32.3 per cent
volatile matter, 57 per cent fixed carbon, 7.9 per cent ash, and
0.92 per cent sulphur.

As samples of the Coosa coals suitable for analyses could not
be taken, definite knowledge of their chemical composition is
lacking. Probably they do not differ materially from the coals
of the Cahaba basin. In both the Warrior and Cahaba fields
the amount of impurities—clay and shale partings and sul-
phur—in some beds makes washing necessary before coking.

IRON ORE
GROLOGIC AND GEOGRAFHIC RELATIONS

The hematite iron ore of the Birmingham district occurs in
the Red Mountain formation. This formation carries ore beds
wherever it is present, but only on Red Mountain north of
Sparks Gap and eastward beneath Shades Valley and the
Cahaba coal field to an unknown limit is there an ore bed of
sufficient thickness and persistence and of good enough quality
to be worked with profit at present. Outside of the area just
outlined the beds of ore are in general comparatively thin, and
even where thick they earry only a small proportion of good
or indifferent ore in streaks separated by ferruginous shale or
sandstone.

ORE BEDS ON RED MOUNTAIN

Big seam.—The Big seam only is of present value in the
Bessemer and Birmingham quadrangles. Its geologic relations
have been set forth under the heading “Stratigraphy™ (p. 8).
In the Bessemer quadrangle it extends as a minable bed on its
outerop along the crest of Red Mountain from Sparks Gap to
the north boundary of the quadrangle. From its outerop it
dips eastward beneath Shades Valley and the Cahaba coal field
and probably extends to the Helena fault north of the Aecton
basin and thence north to the north boundary of the Vandiver
quadrangle. Along the west base of Shades Mountain it is
1,900 to 2,000 feet deep, and beneath the deepest part of the
Cahaba trough in the Acton basin it is not less than 7,000 feet
and probably is 8,000 feet deep. On its outcrop along Red
Mountain and throughout the areas explored in deep mining
the Big seam is 16 to 20 feet or more thick and is separated
into two benches as a general rule by a parting near the mid-
dle. The upper bench, 7 to 12 feet thick, is a fairly uniform
and homogeneous bed of ore which is so far superior in quality
and quantity to the ore of other areas or beds that nearly all
the active red-ore mines of the Birmingham district are concen-
trated upon it within the Bessemer quadrangle. The thickness
of the upper bench decreases to 4} feet at Sparks Gap, where
the bench is also broken by thin partings, showing plainly a
deterioration southwestward, and it probably becomes worthless
not far southwest of Sparks Gap. The lower bench is broken
by partings of shale and sandstone. In some places it has no
good ore; in others it has a layer of possibly minable grade
2} to 4} feet thick, as at the Woodward and Sloss mines, east
of Bessemer.

Ida seam,—The Ida seam consists of 2 to 6 feet of rather
siliceous ore associated with 14 to 16 feet of ferruginous sand-
stone. It has been recognized at many of the workings from
Bald Eagle Gap, in the Birmingham quadrangle, to a point
south of Clear Branch Gap. The seam is in general from 3 to
5 feet thick where worked, and soft ore only has been obtained
from it in surface workings. Such ore carries 35 to 44 per
cent of metallic iron, and 32 to 42 per cent of silica. The Ida
seam occurs 20 to 50 feet above the top of the Big seam.

Hickory Nut seam.—The Hickory Nut seam, which is not
an iron ore, comprises 3 to 5 feet of ferruginous sandstone,
characterized by a great abundance of Penfamerus oblongus,
the internal casts of which resemble the partly open hull of a
hickory nut. Tt lies about 12 to 20 feet above the Ida seam.

Trondale seam.—As shown under the heading “Stratigraphy™
(p- 8) the Irondale seam is mnot of economic value in the
Bessemer quadrangle.

CHARACTER OF THE ORES

The iron ores of the Red Mountain formation are red hema-
tite, and as much of this ore is fossiliferous it is called fossil
ore. Some of it is also “oolitic.” The mass of the ore is
amorphous red hematite mixed with calcium carbonate, silica,
alumina, magnesium carbonate, and other minerals in minor
quantities. The ore with its associated minerals occurs in beds
analogous to strata of sandstone, shale, and limestone and is
interbedded with such rocks.

As the ores of this region have been fully described else-
where it seems unnecessary to go more into detail concerning
the less valuable deposits.?® The following description is
therefore confined to the areas that carry ore at present
workable.

The fossil ore consists of aggregates of fossil skeletal forms
such as bryozoans, crinoids, corals, and brachiopods. These
forms, comsisting of broken and waterworn fragments, which
were originally composed of calcium ecarbonate, were gathered
by the action of waves and currents into beds and subsequently
cemented together by calcium earbonate and iron oxide, the
organic calcinm carbonate of the fossils being at the same
time replaced by iron oxide. More or less clay, fine sand, and
small quartz pebbles were likewise included in the beds during
their formation. '

The oolitic ore consists of aggregates of flat grains with
rounded edges, somewhat of the size and shape of flaxseeds.
These grains generally lie with their flatter sides parallel to
the bedding planes of the rock, and the mass is cemented by
ferric oxide and more or less caleium carbonate. The flat
graing have a nucleus of quartz, generally very minute,
about which successive layers of iron oxide and in many
grainsg very thin layers of silica and aluminous material have
been deposited. One of the two varieties of ore generally pre-
dominates in a bed, but in some localities the fossil and
oolitic materials are mixed in nearly equal proportions. The
foseil ore where unweathered, as compared with the oolitic ore
in the same condition, is apt to be the more calcareous, whereas
the oolitic ore may carry higher proportions of silica and
alumina.

Where the material is accessible to surface water the calcium
carbonate is dissolved out of the beds, thereby increasing the
proportional content of iron oxide, silica, and other constit-
uents. Such altered ore is popularly termed * soft ore™; it is
usually porous and friable as compared with the unaltered
material, which is termed “hard ore.” The “soft ore” is
practically exhausted.

Chemical composition.—Conditions of blast-furnace practice
determine the grade of material that may be regarded as an
ore. For example, a lower percentage of metallic iron and a
higher percentage of impurities may be allowed in a limy ore
than in one that contains but little lime. Where brown iron
ore is available a red ore high in calcinm carbonate can be used
as a flux, although it runs so low in iron and so high in lime
that it could not be used by itself. In general, the hard and
semihard ores used in the Birmingham district range in major
constituents as follows: Metallic iron, 32 to 45 per cent; cal-
cium carbonate, 5 to 20 per cent; silica, 2 to 25 per cent;
alumina, 2 to 5 per cent; magnesia, 1 to 3 per cent; phos-
phorus, 0.25 to 1.5 per cent; sulphur, a trace to 0.5 per cent;
manganese (locally), 0.25 per cent; and water, 0.5 to 3 per
cent. The ore is therefore of the non-Bessemer kind. In the
soft ore the lime generally runs less than 1 per cent, so that
the percentages of the other constituents are proportionately
higher.

The analyses in the table on page 21 show a typical hard ore
(No. 1), a typical soft ore (No. 4), and intermediate or semihard
grades (Nos. 2 and 3). These analyses represent samples of ore
from a single slope on the same horizon of the Big seam in Red
Mountain, near Birmingham, at distances respectively of 540,
480, 420, and 240 feet from the mouth of the slope. Beyond
the point at which the material represented by analysis No. 1

% Burchard, E. F., and Butts, Charles, Iron ores, fuels, and fluxes of
the Birmingham distriet, Ala., with chapter on the origin of the ores by
E. C. Eckel: T. 8. Geol. Survey Bull. 400, 204 pp., 17 pls., 1910,



occurs there is no great change in the character of the ore, for
as mined at present the seam carries an average of 35 per cent
of metallic iron in this particular mine.

Analyses of ivon oves from the Big seam (of Clinton age), showing grada-
tion from hard to soft ore

1 L 3 1
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Billea (B10,) o ceee - - e 7.14 | 12.78 12, 10 13. 70
Aluming (Aly Q) - ... g 8 g 43 3. 81 4,74 . 06 i, Gt
17,4, 0 (0.1 1) (R OEUCR IS S S e e ) s | [N 4, i3 L4l
Manganess (Mn) e L 3k En 0 s Frs % . .2 .28
Bulphor (B) o e 8 .08 L0 L0
Phasphorus (P) g s S o sk B0 .40 .46 .10

Specific gravity—The Red Mountain ore exhibits a rather
wide variation in specific gravity, which is due to variations in
composition and structure. Experiments with 1-inch cubes
and lumps of ore show that the specific gravity of certain
southern Appalachian so-called Clinton ores ranges from 2.93
to 3.56. These figures correspond roughly to weights of 183
to 225 pounds per cubic foot and to volumes of 12.25 to 10
cubic feet per long ton.

BENEVICIATION OF LOW-GRADE ORE

The ore in the lower bench of the Big seam, which is not
mined, contains about the same percentage of metallic iron as
that in the upper bench, but owing to the larger percentage of
silica and alumina and the smaller percentage of calcium car-
bonate it can not be profitably smelted at the present prices of
iron., However, this ore can be treated so as to eliminate
much of the insoluble matter and to increase the proportion of
metallic iron in the residue. Such treatment is technically
called beneficiation. In the future, as the deposits of higher-
grade ore become exhausted and the price of iron increases,
these lower-grade ores, of which there is an enormous quantity
in the Birmingham district, can probably be utilized. Much
of this ore may be permanently lost, however, through the
settling of the roof of the present mines in the upper bench of
the Big seam, which will make mining the lower beneh impos-
gible or so costly as to be prohibitive.

MINING CONDITIONS

The ore bed and inclosing rocks dip southeastward under
Shades Valley at angles of 10° to 30°. Locally the dip is
greater than 30°, but over most of the area of the Big seam it
is less than 20°. In a few mines, as Spaulding, Woodward,
and Potter No. 1, faults have been encountered ranging in
displacement from 14 to 300 feet though the maximum amount
is unusual.

In a number of the mines the considerable irregularities of
dip produce structural rolls. Exposures in Shades Valley also
diselose local irregularities, such as vertical or overturned beds.
Slight faults, such as those in the mines, are known, and prob-
ably there are others. There is a fault just east of Graces Gap
and another on the east side of the area of Fort Payne chert in
the vieinity of Morgan.

The beds inclosing the ore make a strong roof and floor to
the mines, and this feature, combined with the thickness of the
ore and the generally medium dip, are fuvorable to mining.
The water supply is adequate and near at hand. The mines
are easily accessible by railroad, and transportation is cheaply
provided.

The pillar and stall method of mining is followed. Most of
the mines consist of slopes driven at right angles to the strike
with side headings driven to right and left on the level.

DEVELOPMENTS

Twenty-six slope mines are now operating in the part of
Red Mountain between Sparks Gap and Birmingham. The
deepest slope in 1908 was 2,301 feet long and is probably
5,000 feet or longer by this time (1926). Probably four-fifths
of the Red Mountain ore mined in the Birmingham district,
amounting to 6,312,207 tons in 1925,7% comes from these
mines. Detailed information on the mines and their products
is given elsewhere.??

LIMESTONE AND DOLOMITE

The Chickamauga and Newala limestones and the Ketona
dolomite afford the best rock for lime, flux, cement, and other
uses. The Conasauga limestone should afford rock suitable for
gome uses.

Chickamauga limestone—The Chickamauga limestone crops
out in a narrow strip at the west foot of Red Mountain, under
which it dips at angles of 10° to 20°.  Much rock is accessible,
however, free from cover of higher formations. Presumably it
does not differ here materially from the rock at Gate City, in
the Birmingham quadrangle. Analyses of samples from an
old quarry half a mile north of Gate City show a composition

-’.'Figurus turnished by Burean of Mines, U. 8. Dept. Commeree.

10 Byrehard, E. F., and Butis, Charles, Iron ores, fuels, and fluxes of
the Birmingham district, Ala, with chapters o the origin of the ores by

E. . Eckel: T. 8 Geol. S8urvey Bull. 400, 204 pp., 17 pls, 1910. See also
chapters on iron ore in annual volumes of Mineral BResourees.
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of about 90 to 93 per cent calcium carbonate, 2.5 to 6 per cent
silica, and 1 to 3.50 per cent iron oxide and alumina. The
rock is nonmagnesian and suitable for cement. It is not so well
adapted for lime and flux, however, as other rock in the dis-
trict and is not likely to be in much demand for such use.

Newale limestone.—The Newala limestone is extensively
exploited in Cahaba Valley for lime burning. The Keystone
quarry and lime works are in this area. Part of the Newala
limestone, comprising probably a thickness of 600 to 800 feet,
is, with the exception of a few local beds of dolomite that are
called sandstone by the quarrymen, a very pure caleium car-
bonate. The quantity of this rock is practically inexhaustible.

The following table gives analyses of the Newala limestone
and the lime made from it. The Keystone quarry is in the
Bessemer quadrangle; the other quarries are in the same belt
of limestone but in the Montevallo quadrangle. The analyses
are all given because the variations shown doubtless exist also
in the Newala of the Bessemer-Vandiver area. They repre-
sent the extremes as well as the general average composition
with sufficient aceuracy for all practical purposes. The sam-
ples were collected and the analyses made by Robert 3.
Hodges, chemist of the Alabama Geological Survey.

Analyses of Newala limestone from guarries in Cahaba Valley, Ala.
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Mugnesium carbonute (MgC0,) 3 3,00 8205 S8 =B | 41,50 Y

0,06 | 100,02 | 99.94 | 100.65 | wﬁ|_wﬁ;“h.wi
T Quarry of Keystone Lime Co , Keyatons, Ala. Genernl average. :

2.4, Quarry of Longvlew Lime Co., Longview, Ala, 2, General avernge; 3, selected sample;
4, conrse-grained rock.

5, & Quarry of Newnln Lime Works, Hewala, Ala. 5, Close-grained rock; 6, conrse-grained
NI::'. Gunrry of Bhelby Lima Works, Bnginnw, Ala, General average,

The samples for the general average analyses were taken by
chipping pieces from the face of the quarry amounting to
about 40 pounds and representing a thickness of rock of about
200 to 300 feet. The select samples of course represent the
best grade of stone. As shown by analysis 5 the hest grade of
stone contains over 99 per cent calcium carbonate. The gran-
ular layers (sandstone of the quarrymen) are highly magnesian.
The most highly magnesian limestone approaches closely the
composition of dolomite, as shown by analysis 6, but the high
content of caleium earbonate of the general average samples
indicates but a small proportion of the high magnesian rock.
For a series of analyses representing such a thickness of stone
along an outerop of 10 miles or more, the content of silica,
alumina, and iron oxide is very low.

Analyses of lime made from Newale limestone from Cohabe Valley. Ala.
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1. Keystone Lime Co,

2 Longview Lime Co., hydrated b
3. Newnln Lime Co.

4. Bhelby Lime Cio.

Ketona dolomite.—The Ketona dolomite yields a nearly pure
caleium-magnesium carbonate, as shown by the analyses on
page 3. A large part of the flux used in the blast furnaces
of the region is derived from the Ketona, which is quarried in
the neighborhood of Birmingham. A wide area of this rock
in Opossum Valley forms a direct continuation of the area in
which the quarries at Thomas and North Birmingham are
located, and the rock is presumably of equal quality and as
favorably situated for quarrying. There is another area of
equally good rock exposed around the base of the Salem Hills
southwest of Bessemer. In Cahaba Valley north of Helena
the outerop of the Ketona is narrow, indicating a steep dip,
but south of Helena the outerop widens and the dip is prob-
ably not go steep. On Shoal Creek, 2} miles south of Maylene,
in the Montevallo quadrangle, the rock dips 20° E. and is of
excellent quality—in fact, rather better than in Birmingham
Valley, as shown in the table of analyses.

The thickness of the formation in the valley south of Helena
seems to be greater than elsewhere, but whether the quality of
the whole mass is equal to that on Shoal Creek is unknown.

Conasauga limestone.—Nery little is definitely known con-
cerning the quality of the Conasauga limestone. Bpecimens
collected from a quarry at Wheeling, near Bessemer, showed
the following composition :#!

Analysiz of Conasauga lmestone from Wheeling, Ala.

LR LT 2T L0 P P S e i Wt o
Iron oxide and alumina (Feg Oy and Al Og) .. .48
Calelum earbonate (CaCO) ... Sonad e gy A RRUDE
Magnesium earbonate (MgCOy,) . L ... & 4
Sulphur dioxide (804).. . . 4 L1156

0y, 875

21T, 8. Geol. Survey Bull. 400, p. 168, 1910,

This analysis is insufficient to determine the general char-
acter of the Conasauga limestone. The rock analyzed is suit-
able for flux or for lime for most purposes. The Conasauga is
utilized on a large scale for cement manufacture at Boyles, a
few miles northeast of Birmingham.

Quarrying conditions,— Except the Chickamauga, which
erops out on the west slope of Red Mountain, the limestone and
dolomite formations crop out on the level valley floors and
dip generally at high angles, necessitating open-pit quarrying
below the level of the surface and consequently continual
pumping and the hoisting of the rock to a considerable height.
Suceessful operations, therefore, demand a rather expensive
equipment.

LIME AND CEMENT

The raw materials of lime and cement abound but are not
much utilized. The Newala, Lenoir, and Chickamauga lime-
stones are suitable for lime and cement; the Lenoir is utilized
by the large cement mill at Leeds, in the Birmingham quad-
rangle, the Chickamauga supplies the lime works at Chepul-
tepee, 30 miles north of Birmingham, and the Newala supplies
the limestone for the Keystone lime works and also for several
other large lime works in Cahaba Valley south of Keystone.
(See analyses in second column.)

The cement plant at Leeds obtains its shale from the Floyd
shale. Probably much of the shale in the Pottsville formation
is suitable for cement.

CLAY AND SBHALE

The limestone and dolomite formations of the region are
generally overlain by a layer of residual clay that is in places
as much as 6 feet thick. This clay has been rather extensively
utilized for common brick in the vicinity of Birmingham. In
1908 clay of this sort overlying the Conasauga limestone was
utilized at the Standard Brick Works, 1 mile west of Bessemer.
Shale suitable for making brick is present in enormous quan-
tities in the Floyd, Parkwood, and Pottsville formations. Both
the Pottsville and Parkwood shales are utilized in the Birming-
ham region for common, pressed, paving, and chemical brick
of most excellent quality.

ROAD METAL

The limestones and dolomites already described will afford
exhaustless supplies of material for road making, both for
foundations and surfaces. The sandstones of the coal measures
and other beds will yield abundant material for foundation
work. The chert of the region, especially the Fort Payne
chert, is an ideal material for surfacing roads. A characteristic
of the Fort Payne which especially facilitates its use for this
purpose is its minutely fractured condition, at least near its
outerop. It can be dug or blasted from its beds to consider-
able depths and comes out in a condition to go on the road
with little or no further preparation. About 2 miles west of
Bessemer chert is taken out in this way to a depth of about
100 feet. The comparatively brittle nature of the Fort Payne
chert allows it to pulverize and become firmly compacted into
a hard, smooth mass. The formation will probably yield chert
practically ready for the road at almost any place along its out-
erop, and the supply easily accessible to transportation along
the east flank of Red Mountain and in West End Mountain is
inexhaustible.

Chert from the Copper Ridge dolomite has been used to
some extent for road dressing. It is taken from the banks
adjacent to the roads, where the finer portions of the residual
chert mixed with clay have accumulated at the bases of slopes.
A considerable quantity of this material has been taken from a
pit half a mile northwest of Mobile Junetion, Bessemer.

BUILDING STONE

Abundant sandstone for rough masonry occurs in the Potts-
ville formation, Parkwood formation, Hartselle sandstone, and
Red Mountain formation. A little brown sandstone has been
taken from the Red Mountain formation in the vicinity of
Gate City for superstructural work. However, very little stone
of a quality suitable for such work can be obtained. In fact,
the use of cement has practically supplanted that of stone for
all kinds of coarse masonry, and there is practically no com-
mercial demand for such rock as this region possesses.
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The Bessemer-Vandiver district has a variety of soils. The
shale and sandstone of the Pottsville formation yield a soil that
ranges from a sandy to a clay loam, depending on whether
sandstone or shale predominates in the underlying rocks, from
the disintegration of which the soil is derived. These types of
soil are blended and modified by admixture with each other as
a result of the creep of the soil down the slopes. The soils are
8 to 10 inches thick and are underlain by about 3 feet of sandy
clay subsoil that contains fragments of rock. The soils them-
selves contain a considerable percentage of rock fragments, but
as a rule the fragments are fine and constitute no obstacle to
cultivation. The soil is of moderate fertility.



The valleys underlain by limestone and dolomite have some
of the best soil. The so0il which overlies the Ketona dolomite
is a red clayey loam of great thickness and of high natural
fertility. The areas of Copper Ridge dolomite and of Fort
Payne chert have a soil composed of stony loam which is com-
paratively unfertile on the hills and ridges but is productive in
the valleys and low-lying flat lands among the hills, where it
has accumulated by transportation from the higher ground,
On the slopes and hills the soil is generally a white clay loam
full of chunks of chert and boulders, which are an impediment
to cultivation, but in the lower grounds the fragments of chert,
though plentiful, are finer and less troublesome. The areas of
Conasauga limestone have a reddish, yellowish, or black clay
loam of good fertility, ILocally these areas are low-lying,
poorly drained, and unfit for tillage.

The areas of Floyd shale in Shades and Cahaba valleys have
a clay soil, in some places ill drained and little suited to
cultivation.

The alluvium along the streams is the best soil of the region,
but it is of small extent,

WATER RESOURCES

Surface water.—The average annual precipitation in north-
eastern Alabama, is 50 to 54 inches. This precipitation is
usually so uniformly distributed throughout the year that the
surface water supply is ample for all needs, including potable
water, water for stock, and water for industrial establishments
that require large quantities for steam, coal washing, blast fur-
naces, and other uses. There are a good many large springs
in the limestone areas. Hawkins Spring north of Bessemer,
which has a flow of 2,700,000 gallons daily, is one of the largest.
This indicates a considerable underground circulation in the
limestone. Springs are less common and smaller in the belts
of shale and sandstone, as Shades Valley and the Cahaba coal
field. Here, however, a sufficient supply of water for domestic
uses can be obtained in wells generally not over 50 feet deep.

Ground water.—Three wells, 100 to 150 feet deep, drilled
in the Conasauga limestone at Schillinger’s brewery, in Bir-
mingham, yield 250 gallons of water a minute each and have
never shown any signs of exhaustion. Probably this limestone
and the other limestones that crop out in the valley would
yield abundant water, which would, however, have to be raised
by pumping. The structure in the Cahaba coal field and along
the Dunnavant syncline is ideal for artesian wells. The
Shades and Pine sandstones, which should be good water car-
riers, crop out along the high ridges and underlie the surface
at moderate depths on the flanks or near the axes of the syn-
clines. It seems almost certain that strong flowing wells could
be obtained by drilling to the sandstone beds on Patton Creek
near Little Valley Mountain in the Bessemer quadrangle or
anywhere along the valley bottom between Oak and Double
Oak mountains from Big Narrows to Dunnavant. The strue-
tural conditions are displayed in structure sections A-A" and
B-B' for both the Bessemer and Vandiver quadrangles.

Potable and domeslic waler.—Potable water is supplied by
many springs and by the streams fed by such springs, and
permanent supplies of potable water for farm use are obtainable
almost everywhere from wells less than 50 feet deep. The
chemical character of this water varies according to the nature
of the underlying rock formations. The range in quality and
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composition of this water iz shown in the accompanying table
of analyses. The water from the limestone formations is of
course hard water; that from the areas of Floyd shale varies
according to the location of the well, some being high in hard-
ness and some low. The analyses of the water of the Allinder
and adjoining wells, Nos. 13 to 16, show the highest hardness.
The differences are probably due to the presence or absence of
limestone layers in the vicinity of the wells. Nearly all the
samples from the Pottsville aveas are of low hardness; they are
freestone waters.

No notable mineral water is known or reported from the
Bessemer-Vandiver area.

Approvimale analyses of walers of the Bivrmingham district, Ala.

[R. 8, Hadges, chemist, Alnbama Geological Sorvey, annlyst. Parls per milllon]
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1. Hawkios Spring, 4 miles north of Bessemer; flows 2,700,000 gallons dally; water supply
for Bessemer. Conasangs limestones,
& Toep plant, Bessemer; shallow well; water used for ice manufacturs, Coonmsauga lime-
ahone,
4. Bouth Bessemer Speing: large spring used by lee plant. Conasauga lmestone?
4. Houston Spring, about 1 mlle north of Bessomor; used by fertilizer plant. Conasaugn
limestone,
&, 6, Moore's spring near Muscods; waler used for domestle purposes; large supply. For-
mation uneertain.
7. 8. Muscods mine, Tennesses Cosl & Iron Co, Water from heading 52 in Mo, 4 ming used
Tor domestic supply  Red Mountain formation.
o, 10, Muscoda mine. Tennessea Coal & Iron Co. Mine water from slopes 4, 6 & used for
boilers. Hed Mountain formation. :
11, 12, Shallow well of Chambers Parsons, on Helena road about three-fourtha mile oast of
Muscodn; domestic supply. Floeyd shalat
13, 14. Well of B. F. Allinder, about 2§ miles from Bassemer on Helenn rond.  Floyd shale,
15. Well of F. M. Turner, neress rond from Allinder; about 30 feet deep.  Floyd shale,
16 Well of P A, Goodwing about 200 yards from Allinder's well, nearer Shades Creek.
Flagd shale. =
17. Shallow well of Anne Cox, sbont one-fourth mile from Shades Creek.  Floyd shale.
18, 19, Shades Creck ot road erossing between Bessemer and Helena,  Floyd shale.
o), Shallow well of My, Erown, about one-half mile east of Shades Creck; about 40 fect desp.,
Floyd shule,
21. Well of Mr. Brown, about three-fonrths mile cast of Bhades Creek; nbout 35 feet deep.
Floyd shale.

& Morgan station; well at school about 5 miles southenst of Bessemer, Floyd shale.

& Well of Mr. HIll, about 7 miles southeast of Bessemer, Helena road; about 30 fest deep.
Parkwood formation.

. Bhallow well of Mr, L, 8, Hollingsworth, at Genery's Gap; domaestic 5u]1p]y, Parkwoosd
or Fottsville formation, :

25 Well of 8, 8. Doss, 8 miles from Bessemer and 2 miles from Cababa River., Pottsville
Forrmntbon,

. Small spring at roadzide one-hall mile east of Cababa River, Pottsville formation,

2. Trigger Oreck, on Bessemer and Helena road.  Pottaville formation.

. Well st Falliston about 156 feot deep, Pottsville formation,

25, Well at Falliston west of railrond, nbout 50 feet deap.  Pottsville formation,

. Helenm spring. Romoe formationt

#1. Shallow well ot Helenn, Rome formation,

2, Well of Mr. Rufiin at Helena: alout 25 feel deep, Rome formation.

i Impounding reservolr of Tennesses Coal & Iron Co.; sample taken near intake that sup
plics 23,000,000 pallons daily, Pottsville formation.

#H. Composite sample taken from various points in impounding reservoir. Pottsville for-
mation.

#. Village Croeek; sample taken below Jefferson County sewage disposal plant. Pottaville
formation.

28, Camp Branch, one-fourth mile below Edgewater. Pottsville formation.

1, Corbet Creck, - Pottsville formation,

H. Tap water from Morris Hotel, Birmingham Water Works, Cahnba River, Pottsville
formation.

WATER POWER

Stream flow.—No regular gaging stations have been main-
tained, but the following miscellaneous discharge measurements
have been made on streams in the Bessemer and Vandiver
quadrangles. These measurements and the data in the aceom-
panying table compiled from records at gaging stations on
streams adjacent to this area give an indication of the flow that
may be expected.

Miscellaneons discharge measuwrements of sireams in Bessemer- Vandiver
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Potential horsepower.—Cahaba River and the larger creeks
are capable of developing considerable power for gristmills,
sawmills, small electric plants, and other uses. Cahaba River
in the vicinity of Blocton, about 10 miles southwest of Bes-
semer, would yield 500 net horsepower with a 34-foot dam and
an 80 per cent turbine at ordinary low water.

In this district the flow of Cahaba River is of course smaller
and the potential power correspondingly less, though still con-
siderable. A number of gristmills and sawmills utilizing 10
to 40 horsepower have been operated on different streams.
Buck Creek at Helena supplies power for running a small
electric plant for lighting the town. These plants, however,
have developed but an insignificant part of the possible water
power of the region. Similar small plants could doubtless be
built on Cahaba River, Shades Creek, Valley Creek, and other
BLTEAme. .

. December, 1925.



Ordopician and Cambrian formations of central Alabama, showing different usages and equipalents
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Location indicated on the map by numbers

. Pottar
Heo. 3 Raimund
No. 2 Raimund
Mo, | Raimund
Ne. | Muscoda
Ne. 2 Muscoda
. 4 Muscada
Mo. 5 Muscoda
Mo & Muscoda
No. | Sloss
No. 2 Sloss
Mo, | Woodward
13. No. 3 Weedward
14, Mo. 2 Woodward
15, No. 63 Wanonah
16, Mo, 7 Wenonah
I'7. No. 8 Wencnah
18, No. @ Wenonah
19. No. 94 Wenonah
20. No. 10 Wanonah
21. Songo
22. No. 11 Ishkooda
23. No. 12 Ishkooda
24. Clinton
25, Mo. 13 Ishkooda
25, Mo. 14 Ishkooda
27. Mo, 15 Ishkooda
28. Spaulding
29, Valley View
30. Hedona
31. Shannon slope

M-Owo=imu &k —
=
Q

LIST OF COAL MINES
(COAL BEDS IN BLUE ON MAFR)
Location indicated on tha map by numbars

. Wylam No. 8

. Dolomita No. 18

. Dolomite Mo, 2
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Acton Mo, 4

Acton Mao. 5

Acton Mo, |
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. Ruffin
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15, Wadsworth Red Aash
16, Eurgka Mo, |
17. Eureks No. 4
IB. Euraka No, 2
19, Janeway

20. Euraka No. 3
21. Coalmant Ma.
22, Coalmont Ne,
23. Coalmont No.
24, Coalmont Mo.
25, Mossboro No.
26. Mossboro No.
27. Bamford

FLUp=—0DwWo R b R —

= h P — p3



= 8 o 3 EXPLANATION

A ® 2E O 0 R :

EPARTMENT OF THE INTERIOR ECONOMIC GEQLOGY ALABAMA = A" SEDIMENTARY ROCKS

i%g  U.S.GEOLOGICAL SURVEY g R BESSEMER. IRON DISTRICT s of ebagseons deponts are sho .o
IR 1 g (Oaliginot LB L s : SRS e e L e S v

[ T
J . Qal {
Alluvium
[ Maod -plain depesits aff present slvedms)
Warriar Cakaba Caown
Jeld Jiald Sie
L R Scm— e
Cpv _] f———Licn=
=Ly

33 30 : '\.:,-A- s

i.'_ =3 f"tiz'

o it (e

RY

My
QUATERNA

[T
Potiaville fnrmatinn

ln%wn.% e Mﬂ.ﬂ! Pﬁ

1:|.n uuluuruu ’unhr}

v
Parkwood
formation

igray _&er and Enda
SHADES VALLEY : & -
ef | |
Floyd shale, E
upper part

iblack or groy ahals, |
ahaly limesione, and
sanditind)

(restricted)
| fmmainly Sight biuieh- SOUTH PART OF
| ﬁ"u'r;‘;{f.,'%ﬂ SHADES VALLEY
| S thim akals [ ]
| :r‘lull:d'ﬂrﬂ kf : cf i

Floyd shale
(hdask ahxle,
m l-mmm =
miceh fine-grained

o hamtalons)

CARBONIFEROUS

& % H. N, iy .
'_"":- K‘-‘,\.';lfr‘f

UNCONFAORMIT TV

1

Cw |

e ——— |
Warsaw limestone
| thicksbedded soarss grag or bliolah ﬁ-ulh}irm
Pimeaione; abrent oot of Cohabo Vallay)

o

Furr, Pnjrne chert
fekerd and limeafens)
[ UNGONFORMITY

1
-

)

.Jb.1 e T
Devorian
i

Chattanoopa shale and Frog
Mountain sandatone »

-

SILURIAN DEVONI AN 5
POSSIBLY CA E’gﬁlﬂ I FPEH'DIJ S

b 3 y f
i ) | SrmmL e
| + 4 i S
E I 2| Eamdatena g‘ﬂmd'qiu ndl -Druku ﬂ‘"
B 1] | and Fawer dzn) age;
T - Red Moinia n. Rt lﬁ nbnnl im
H B itoes acet of Candha Vasts) ]
_% i B UNCONFORMITY
£ B
Z ™ ]
= i L |
i e - b \
.18 5. o Red Mountain formation
T

.ﬂ;# B & Bl
{1 n'fsu amd EI’HM";’I!‘;" o

LUNGONFORMITY

SOUTHEAST OF
CAHABA FIELD

r Ol

Little Oak
limestone

(ﬁﬂlﬂu dark:

= |

Athens shale
{ ke ELETH

HORTHWEST OF Al e

CAHABA FIELD -
- UNCONFORMITY

u
i S ;} == {i 0l J
Chickamalgs 'y onoir and

Mosheim
i A
{dﬁ::f ::dﬁnﬁ limestones

£
L

T i
ORDOVICIAN

s

Lower and Midile Ordovician

e Odenville

Ridga do ¥ and Newala

LINCONFORMITY limeatones
{maindy Sina- 1

Lang'-.rmw
limestone

[:'b':'ulh;li -iu
; h af” Feakmaniows m“.’l

T.20 5, st ! = ._ ; o Fo rEs o — Lz _" oy, o e L 2 AW ) i o Ay At i 1 ey ; i o : o . i 2 _\.. : %.lc UNGONFORMITY
R, i ; e £ ¥ A A H - /i = i i i -1 s z ’ { ; 1 SRR L ' & h J [k TE1001

T.20 & £0c

P e

Chepultepec
dolomite
idolemile with -q,r'r

Frdiis fl

anp-ar Rldge dolomite

sdth much very
Mﬂrnm luﬂnr eharr)

UNCONEORMITY
[ *’“LJ
LA RNE
Ketona dolomite

dihiak-bedded [ight ¥ coares-
grained dolomine af peeal purityh

LUNCONFORMITY

i |

1|
|
W
CAMBRIAM OR OQRDOVICIANT

T : 7 e e I T )
St G Gl i e ] e : f = :*er e = Conasauga (**Coosa’"} limeamne
2 W e
i EAAGRAM CF TOWHBHIT: Geolagy by Charles Butts,assisted by E 'm"“"""wm mm
ool a2hoo |v|.=q.-.1: z 1 C.W.Washburne William F FI'EILIT_!_-'.EI-I'Iﬂ ‘3 o |"
f }

\ .B oo B 4w 3 5E l"Mnufrw.f.Hnl.ll
.l.“ H.M 1“:' |-m" [\Euﬁra phar.
e H.E ob” saction,
*1::“\.3? Topog }- Blair, Ass
l.\"? v and Carroll Laldwc l.
Control .:-__,rf'B Henoall, HE

Survayed in 1305, ¥

AFPEDF MATE MEAR
DECLINATION 1828

T"lﬂllli

Il T RIS 11 E-F-Eumhar\d. . | {:’ J

Bz zIz Survayed in IB06-1910 B |y -
Sl E Rome (*‘Montevallo™) formation |
3 J

1 El LA i
I P I T i T TR S ———

v, R.L. Harrison

CAMBRIAN

b ) Fi o ]
ST S—— 3TN as e rjulrpbuni‘ l.'lﬂll"l“- e and |
ard o ealears oes
umuu ai fep

Contour interwnl 20 foot,

Lerbaarss dx reveernn moir Jowad |

ECONOMIC AND STRUCTURE DATA. 03 k : Known fault

w ol and iron mines and WARRIOR COAL FIELD CAHABA COAL FIELD
JUATT ies e h. Helema
I ] ::-. Afary Les E: -
Awes of anticlines and  Structure B top A, abandoned 8 aburgh Cormadily Siaoe iniin
aynelines of Pratt coal COOSA COAL FIELD A E [faekas Hm Indions umosrtaiatyae  LIDRLMDNRIAI FTRANIN containe
(oendour inferval 106 ety datwm, ¥ Coel progpects and ar. Biraiphi Ridge £ s hﬁ:ﬂﬂ]m uw mﬁffmﬁﬁ et o hemabite) : RT: -mn_v&r;ﬂrr:.:,rnr}“u
medEn rea freel) #ﬂ“ﬂ-!—?"ﬂ' bﬂﬂﬁ'ﬁ n, Miveis Coke ahouwrs aif 1 o D 'u":'" . 'd'q; "ﬂﬂ fali
;,w:;u-f.h and o m;wﬂf.ﬁd racks

nu, \I‘umi Sirike of verd
Names of coal and iron mines repre- Am, Nunna % - .F:
Limestone o

wrmbad ruup by nu W are
Al Lot et g {Wewala limertome extenrively guareiad * Includes Clear Branch sandstone, of Oriskany (Lower
Editian af Juna 1927 in Cohaba lehl'l Dwevonian} age. on Red Mountain ;: Frop Mountain samistone
hns recently been restricted to beds of Onondags {Hlﬂdlt
Devonian) age,

1 Ozarkian of E. 0. Ulrich.

- ——

- Probable fanlt
Coneealed faunlt

Em:m Fisgurghf) Coal owterops Iron ore




v EXPLANATION

A

DEBARTMENT OF THE INTERIOR ECONOMIC GEOLOGY R @  SEDIMENTARY ROCKS

=<

B2 e SR =ty is Pl i
U.S. GEOLOGICAL SURVEY ' : VANDIVER QUADRANGLE % (et e v
4 R.bw A IG':.'!"H:I#_,J -B{J'%fé,_ . speails by pa ip af dofs and sareles)

T e PP e — 30 —— e

|
] ! '«’-":,"J I Qal ! '.
sl hTRR 5 bt )
Alluviam [
{food-plain deparite of present alreams)

Cakaks Cansa
Aeld

—

QUATERMARY

et

Reeent

Cpv,

o

vanfan

M,

—_—] Ca
Pottsville formation
[sandsiome, conglomerafs, shals, and
B iy
e Crr, irn'ﬁ.r‘ e,
S&‘m‘?hf JCar, candslone
1 membars, and Siroven, D0, som-
glamerale member)

...... 7
Cpw

Pa.rk_wu-ud formation

{gray shole and sanderens)

f AN

FPep
22
o1
E;e

N

WP

B
CARBOMIFEROUS

Floyd shale

{black or groy shals, soms gray gran-
wior and fmpure ahaly Hmeatons, amd
muck finegraieed gray asd grees

aanidstnre)

T.18 5.
isisgivpian

LINCONFORMITY

SN
o i |
Fort Payne chert
L {cherd apd {imesfone)
LNCONFORMITY

DCe

LeslARE P

Chattanooga shale and Frog | <5
Mountain sandstone =
le, blaek shiol: N =
lﬂ.:“nﬂmb:;?;’ emrly Carl-u-: rﬂ. ZE
m._nnwhﬁrmﬂt i F':qr Meoundoin (=]
Olnndu'ﬂ'l: |'dﬂ'ra nlam) age;

Rt PSS

UNCONFORMITY

Ol

Little Oak limestone
{lower part think-bedded and dark; up.
i iatna mame chere. of totd Chasy abe]

Oa

Athens shale
iback firsile shole; of Chasy aged
UNCONFORMITY

-,

Leaver Devonian

Lo Upper Devonian
o possbly M 1

POSSIBLY

1a

*

Lenoir and Mosheim lime-
stones
{erysrailine and thick-bedded dark-
E‘w Tmestome af S}nm Fiver (lowsr
ary) age; whasnd in soulleast cormer)
LUNGONFORMITY

e
-
CORDOVICIAN

Loer and Middle Ordovic

i,
Odenville and Newala
limestones
{mainly pere foegrainead calored

drdiitls limestons and pomie dolemils;
o e

i

Longview limestone
(aberry gray limeefene ard dolomine; af
% Emanlown aged

UnCONEERAIRY

(L1 E0e

.r’rumd.gm m;

£a0ar| || ]
ARREEH AR ]
Copper Ridge dolomite

LekigfTy dolemile with much very fough,
angrabar cherd

LNCONFORMIT Y

Ketona dolomite
{thiak- [ conras-grained
gt ey i

UNCONFORMITY

——

I €r |

BN
Rome (““Montevallo™) '
formation
Lpiirpls and green shals with some linee-
adome gnd sondsiome and @ persisient
bed of ralenrecws sondaiome af lop)

SEQUENCE BROKEM
E—.——.——;:_—_—.}
[t s

(A
Shale of unknown age
igh ahale or disi el wlal
g
long i Tallodega, 'H-'hl'ln;':‘h:;?w-
Cenantuga formation)

"y
CAMERIAN OR ORDOVICIAN*

Car

CAMEBRIAN

-

-\

UNKENOWN AGE

.,

Known fault

Coneealed faolt
Leowered by pounger deporiis)

T Thrusl side of thrwsd fouli

v Dipihrewrn side of norseal Youli

o Fewnihrewn wide of novmal foult
I!.:n’&lrlh and dip of strarified rosks

4 Striles of verdical bede

& Horizenial beds

| ]
Coal ewlerops
T.20 5. (dashed limes indicate umhir aa
(] Iiosi oF Fhicksias N
nnﬁmu af eoal beds lﬂm"h 1]
CAHABA COAL FIELD
h. Hefena
L

. Thaom
i, Clark r.n"rrh- Pliaskargh B
:. Yowrgblood {Blask shale, Cobe)

E:Gnr* [Adies @nd Jomea)
o P-’uuguwl.ﬂ

e e 1)
T Eummally, -
e Numnaily ke
nl ,W-m](i, Toeter

il

COO5A COAL FIELD
«  Mortin
sr, Srraight Ridge

o
lud: .ﬁ':nml-':l,j

= Coal mines
A, abandoned
X Coal prospects and
country banks
— i Ny }
33Ny e -\H\-\\- -...':"-::-_;‘1“} .a-'T""\\.k'l ey “ k14 . i c__ﬂ,._ i et R
HEE B2 W i { Coleerndicereet | L chr 1. Overton Mo, 1
n !|.H.WI|‘-:;O-:\,G&OS:“EP-]1&F ) g lf%an-::ll‘:ay by Lharles Butts, assistad Ly Ed 2' Oy Nﬂlﬂ
—z"“ VanH.Manning in charge of saction. L IE ! Scale @Faos C.W.Washburne, and William F. Prouty = Wluwwwtms e 4, o
o-."‘ Topography by W.M.Beaman. R.H.Reineckand C.C.Gardner Ell2 AP R B OV i Lt TR L R TN e A & Miles Surveymd in (9061910, * 4 Wa ok band
ﬁ‘\ Control by Coast and Geodetic Survey and C.B.Kendall. E E B 3 TR T ':""-_xf' Blue Jay
i Survayed in 1506, El:i :h::.cr_mu _'_p'_'FJ"'_I:h:nL'__ — '.I..‘.-|.=_..__-..:--m.---.q_‘j e :..__H__-—-_'&_ § Hlomebers I ";_;;r"'l T % Oanrkian of E. O, Uirich
-
,.....“..,:" - Contowr intersral 50 Lt ."..r | :
SEELINATICH 805, Fhaedagan : L6 frbern geda feved Axes ﬂfﬂﬂﬁfﬁﬂﬂ# s Limestone
Editian of June 1927 synclines {Newaln lﬁym:tﬁrh:? quarried



EXPLANATION
SEDIMENTARY ROCKS

SMEET SECTION

. Py r, SYMBOL  SYMBOL =
= (=TT I T e 1 7 T R T = Tl e T o Y =] . e s e
%2> DEPARTMENT OF THE INTERIOR “@JTJP& U CTURE SEG f _I O .-f\:‘.[ = ALABAMA ] sl =
g 7. 3. GESLOGICAT, STTRVEY ; EESSEMBE. IRON DISTRICT :w'. \ A T et [
s 87 00’ : {Birmingfoern. Cood Iiatediot] FIW. i ' 2 e R.2 W. BE ":fa_ Al af 1 g
.?D"H\\ e, r : : T ‘1 T= : - 3 _'?__-;_.- T : : { 2. i
8, . s “‘;]Itﬂ"‘_.;’ r -"‘“M'l.-"b il 3 i ; i ;?H,.r A i |
P fn S bl BT : _ . i 2D (XA §
3 e g;,a:‘fw = : 2 . Ay BL : i) S A et 3 i ?’. Pottaville formation
1 o e : e . = B P - 7 = o — e : | I%fn:ﬁ;';' mﬁvﬂ#‘crh.miﬂf m%ﬁ?
| . ¥ | .-‘i 0 - b . % f’:,__,,‘l-"__ | // i | il £I R;uur.%:-:n |1 mwﬁ :ﬂ gg::tl
o | 3 1) . | 1 e = Vi 6;;?'[&.{}7 : __‘/',-.f .f £ B //, _,-"/ W ! “"E’Eﬁhmu.mm-mm :
N AT ol ' aliiancl ; ;;shf' ) -“"- ; Py auldell 2 i [ =
" } ! == ! Tk Fts :.'f---i-f__ T JIiIlP{u-1ﬁ- / i | Cpw | ‘:F"?-.l
VSR Z ossanle / Parkwood
2 3 Ul === W Ry | dle e wo
- [l (T 17 % F SR | 7 | =% ' ¢ 4% . ol S jr formation
i - TR Ch e, e G~ i NORTH PART OF  Srene'tiaentussiar |~
n g o | yr Y Sl /"/ Y O L R Aol bl  SHADES VALLEY Shaden Valley) :
£ ; SR P e A e Lt BM { i —,|| g
" ey b P | - cf cr, S
= i i Floyd shale,
| | il upper part
-3 M'I ra
| ] '%;:ﬂ,lﬂ .
T, | samidadane]
I 1
| = ::‘::b:n'
Bangor W
limestone =
L |8
(matmly Sight g SOUTH PART OF
m"ﬁ,}’uﬁ | SHADES VALLEY }E
tim r -
nd:mnl';f:ﬁ?- Vo B e
o and pariings L el 1..! &
' =1 3 1| j =
c ch || Floyd shale o
SR | (Mask or gray shols,
Hﬂrt?tl;llliae and {}"_u ’r:'.;:: ‘
(restricted) gray amd green)
(thick-bedded coarss sandatone) |
ramdatons, generally
Sk
T
cg C§ |
|| F—— I
Gasper i
| formation i
[| toark shaie with thin
| s
1L, per part im J
| uNcoNFoRMITY
A ; Cowr | Cow
B, 1 e
Spritiss A Warsaw I:meﬁbomm oy
gy Y | M lmaiane: abeent acet of Cahadd Vallsgr |
Cfp | Cfp |

| e .
! Fort Payne chert I
LY ichert and limrrionel )
UNCONFORMITY

Rl . D |
Ghamnm;}m élhhleumid Frog L
Mountain sandstone « 5
T, 1 GU

able om o miain lﬂldm mﬁ | =
g e i D s L . EE

i o o e
=]

LINCONFORMITY

BER
1 F& | _'.E
__Red Mountain formation (e
e s Afedding ond Clineon ace b
LNCONFORMITY
SOUTHEAST OF
CAHABA FIELD

£
5;3:'5'1"".-" 45‘-,-::'_.";

0 Belentodd 2

=
o

T.18 8. (Vandiver,)
|
I
1

Athens shale

NORTHWEST OF lﬂmtm alrale;
CAHABA FIELD : aof e

g | | LNCONFORMITY
5 ——
5 oe |l oc [IT E
iy EESae= |EEfl
ﬁ. Chickamauga || === z
| limestone Lenoir and =
(iskondtiades.  Mosheim 2
Sras meimany. limestones 3
T
Lawewil s
g mnqi"ﬁ’ Em River (foer | ©
E River (lower ] i
kS e bods of wpper | UNCONFORMITY
20| i | B
.h-w- meme | Om o
S | e
o e Odenville
Lo, and Newala
UNGONFORMITY

L B
r Ridgre dolomite
aolbomite with wiesh very

Touph, anpeiar cherd;

UNCONFORMITY

; 0k EEW::k:E
Ketnn?,dolum ite
M el L
UNGONFORMITY

ok

CAMBRIAN OR ORDOVICIANT

s

CAMBRIAN

Cm?#lfaugn {“'Coosa’") limestone

ﬂﬂE ﬂudﬁyf:q‘”‘duh:

£r

Aiddle U
Cambrian Cambrion m”p}i"

e A
]

Rome (““Montevallo') formation
{purpls and preen shale sridh some limestons ond
sandatons and o perajatend bed of calrarious
pandatons al fep)

Loawer

SR

S 1 i

Known fault

W ) |
s T I A L B S 1 O Y R | R ke B L L . O O T A L 1 < e R e
Lo 1 i | R e = | 335" Probable fault
i \‘ .':.,pm. E J(J.Emtﬂmﬁa e mrmmmaEss e mn e
by H. M. Wilson. G Ny e s ' 5 "'r oisarau or rowwani®  Geslogy by Charles Butts, assisted by Concealed faunlt :
& H E-.B';?ll':'ij:l L":zﬂ;.f%p:.;g.sjeﬁ"uw IE Scnle G2RG0 : = ::‘ﬁl',i C.W.\Washburns William F, Prouty, and Ceomrad by younger deporita)
» =Iu =1} PR 1 L o, x| T 1 pa 5 r ;
\';:.-‘3’ Tonarranhy by H.B Binir Assistants R Harriscn EllZ 1 2 n s Miles VBT S 13 E.F.Burchard. F T Thm!nﬁ-wfl-lri-ﬂ,ﬁhtk
Pt opography by H. rAssistonts, M. L. Rary EI" T — —mp—— e - o8 30 517358 3] Surveysd in B06-1210. Tl u Upthrown side of nermal ol
4 and Carrall Caldwall, " | e . i & Eilot alord emmzmm © roiw aide o sormal foull
'IS' Control by C B Kendall. F[E Poeorivoee r 3 e T (31 72 334 30 3 .-'-:_0 gmhmu :l“u:tfl ﬂr;d.“ﬂbu rocks
Survgyed in 1205, |2 @ Howizsenfal beds
"BECLINATION (D28, Edition of June 1927
: 5 J—
—"
Axes of anliclines and
synclines

# Includes Clear Branch sandstone, of Oriskany (Lower
Devonian) age, on Red Mountain; Frog Moantain sandstone
has recently been restricted to beds of Onondagn (Middle
Dievonian) age

t Ozarkian of E. 0. Ulrich



=

= ,__.%:d . - : ; g 'S';II
?‘;%},,. DEPARTMENT OF THE INTERIOR STRUGCTURE SEGTIONS ALABAMA O
o U.8. GEOLOGICAT, SURVEY ; VANDIVER QUADREANGLE 4

= %‘%‘-‘30'

|

R.1W. A (Leeds k Sl - as . R.IE.

o

{ Besgomeer fron Bdsteied |
SN : N

a3 . 3

e U0

Y :
a3 [ocast—FRidge o

¥

HEAE B2 W
o H.MWileon Geographer
Van.H.Manning,in charge of section.
Topography by W.M.Beaman, R.H.Reineck and C.C.Gardner.
Contrel by Coast and Geodetic Survey and C.B.Kendall.
Svrveyed o D06,

—

T WOHTS "

TRUE ST

MADNET

EFEHONIMATE WEAR
SLELINATION 1IR3,

INTSVILLE Ko

:2. HI

Y

: ?!‘h.{.l’nﬂ'.-:.?n WR:H?FJI'
T.I9 5.

.ﬂfwn Deronian
to [Fpper Devenian

or possibly Mississippian
o

]

Loneer and Migih Oedeteien

.......

irlr.'r:lfn.mﬂ&::rrﬂ.)

Scale HZnon

i [ 1 2

[ T e e e e L T —
i + o 3 2 a
B PN e —— m—

o Kilomneters

Edition of Juna 1227

o Miles

Gti{lhéy h-_',- Charlas BU"—?‘..IE.':E.‘:‘HH:! hy
C.wWWashburne, William F. Prou b
B r‘wi\yﬁd in IS0E-1200

Cﬁcne_;r\ﬂmup

EXPLANATION
SEDIMENTARY ROCKS

SMELT SECTION
BYMAOL STHMBODL

Jal

i

L
Alluviam

Lo -plaim depariie of presend sireams)

[randpfons, NWMJ shals, and
S S T
l:wr',rrn‘;.‘imn;hr |'J5C|:.:-flr,nnd:mu"
fidmabarn, amd Sireven, Can,, aone
plomerais member)

Cpw |

¥

r
i
P;fkw;:'s}:-d formation
tyroy shale and samdatonal
[ |
of | e
Floyd shale

[Llask or whale, soms gra, =
ifar nud"mfrgn .l.ﬁli:' Ifﬂ’;ﬂn"ﬁtr:ﬁ

g

b
CARBOMIFEROUS

much fine-graoimed gray ond greem
sandelione)
UINCONFORMITY

s

o |
Fort Payne chert
{ehevt and limestons)
UNCONFORMITY

e

1] Die !
S | ST
Chattancoga shale and Frog
Mountain sandstone

!
§
:
i
£

LNCONFORMITY
.I.
Bla Cilay
-
Little Oak limestone
Pemaperr ki £ T -
:pm‘ pu'arli h:m qlﬂmg::*i'. :-u’d
confoine sowes oy ﬁl‘a Chazy apep

T | S

Athena shale
(Black fiasile ahale; of Chasy age)
UNCONFORMITY

| .
| o (=0
==

stones

feryrralline wid thick-bedided dark-
Eajr Timestone of Stones River [loaver
aayl oge; abecat in seutheast corner)

LUNGONFORMITY
i |
| On o]

Odenville and Newala
limestones

Tt v fimepraieed dovesolered
bn‘rrkrlmmf-r ond aome dolomife;
kA losen age)

—

W
ORDOVICIAN

Ol

e Ty
* o F [ II

Longview limestone

ar limeeatons amd dolomile;
e WWEH*““"MI" agel % qr__.

UNCONFORMITY
T _‘f oL
£0c | At
S— A
Chepultepee dolomite
ddolemile with sofl sovewmois foam i
ereus cherd)
===y
£0ar J-. I_r:;?:-
| =TT =
Copper Ridge dolomite

(ekeiaily dolemite with snck eery feugh,
anglar ahere

LINGONFORMITY
Foira f of

CAMBRIAN OR ORDOVICIAN®

L0k

P i,
Ketona dolomite

Hhiok-dedilead lighf-pray « imed
dolomile of greal p-ﬁ!'-i J

UNCONFORMITY

Rome (**Montevallo™")
formation

i o aheals vei th peme lives
f.'mﬂ mwnr;rwﬂnn?u perairlent
badt of paleareacs aundalone of top)

SEQUENCE BROKEN

Shale of unknown age
o wiah rhole gr diain a.inllld'nlruf.t
ally everlineg apparertly by ever-
dhrusr, the wala "T. s muzpy B
feng fe Talladege, Weiener, o OF
Comasawgu formalion)

T

CAMBRIAN

Ll
UNENOWN AGE

Known fault
i -
FProbable fault
Concealed fault
[rowered by poumper deposifa)
T Thriat side of thrust fould
u Epthrown side of nermeal fould
o Puicithroen side of dermel il
Lo Serike and dip of strat{fisd rocks
& Strike of vertical beds
@ Horizontal brde

—

ai's

Aues ofm-ici-inas and
sinelines

* Crarkian of K, O, rich

QUATERNARY

DEVONIAN AMD
POSSIBELY CARBOMNIFEROUS

L |



- COLUMNAR SECTIONS .

GENERALIZED SECTION OF THE SEDIMENTARY ROCKS OF THE BESSEMER AND VAMDIVER QUADRAMNGLES
SCALE: 1 INCH=1,000 FEET

CARBONIFEROUS

BIRMINOHAM VALLEY AND Buanes VALLEY anp Cadaba VALLEY AND
WarktoR Coat FieLn Camana Coar Frenn Cooga Coal FIELD
§ Formation Section Minor Divisions Baction Minor Divisions Bection ; Minor Divisions Character of Rocks and Topography
= Calvary coal,
Red shale.
Helenm conl,
Straven conglomerate member,
‘Thompson eoul. S e
Bmithshop coal. e
ey el
holaon ¥ coa =
ark ¥ tLI.t.tIe Fittasburgh) coal. Red shale,
Moy be eonl, A 1,

Younghlemd {Blnck shale, Cokey coal,
Buck (Atkins) coal

5 Rocky Ridge sandstone member, Thin coal.
Pump (Alice and Jones) coal.
—————o (nke Oven (Big Bone) coal, Martin coal,
Wadsworth coal.
e sShale, sandstone, conglomerate, and coal beds. Sandstone silicesus and feldspathic (arkosic), thick-bedded and
e The Bh-dﬂ. Pil;-e E‘,haal.nul and Hoyles sandstone members, which are Tmst. i cmm T PO
Harkness coal, “M *of Alabama. The shale is generally of clayey composition and of dark eolor, but some is siliceous. This
5 - formation cnnlainn all the coal of Alabama.
—————r1 Straight Ridge coal,
4 i Straight Ridge sandstone member,
-
= ?
=
E;l Hunnally coal group,
=
= = Waolf Ridge coal,
o gty Walf Ridge sandstone member,
S Chestnut sandstone member.
e Howard coal.
Goulid conl,
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Gwin coal.
5 Razburg sandstons member.
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B Hlack shale.

Cunningham eonl,

Pottsville formation,

Shale and sandstone, predominantly geay, much lke the Pottsville, but without coal.  Carries a sparse Mississippisn fauns in
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BAMA
S BESSEMER AND VANDIVER QUADRAN

DEPARTMENT OF THE INTERIOR (LLUSTRATIONS I ALA

PLATE |.—VIEW ACROSS CAHABA VALLEY FROM CREST OF LITTLE OAK RIDGE

PLaTe II.—BRECCIATED KETONA DOLOMITE IN QUARRY OF REPUBLIC

ABOUT 1 MILE SOUTHWEST OF KEYSTONE, LOOKING NORTHWEST IROMN & STEEL CO., THOMAS, 4 MILES NORTHEAST OF WYLAM
Valley on Lenoir, Newala, and Longview limestones. Newhope Mountain in the distance made .
by the Copper Ridge dolomite. Chepultepec dolomite crops out on slope

PiLaTE 1IL—BOULDER OF DENSE, TOUGH CHERT
CHARACTERISTIC OF COPPER RIDGE DOLO-
MITE, FROM NEWHOPE RIDGE, GORGE OF
BUCK CREEK BETWEEN HELENA AND
PELHAM

INCHES
5 I

PuaTe V.- CRYPTOZOON CF. C. PROLIFERUM FROM

PLATE IV.—~CRYPTOZOON RESEMBLING C. UNDULATUM FROM COPPER RIDGE COPPER RIDGE DOLOMITE, MOSTELLER, COLUM- = : :
- - PLATE VI.—CAVERNOUS FOSSILIFEROUS CHERT CHARACTERISTIC OF CHEPUL-
DOLOMITE NEAR HUFFMAN, 7 MILES NORTHEAST OF BIRMINGHAM g:::asumﬂmmz. ABOUT & MILES EAST OF TEPEC DOLOMITE, FROM EAST BASE OF NEWHOPE RIDGE IN GORGE OF BUCK

CREEK BETWEEN HELEMA AND PELHAM

¥
PiaTe WII.-QUARTZ, CHERT, AND LIMESTONE PEBBLES IN BASAL PART OF LEMOIR PLaTe VIIL—OLD QUARRY IN CHICKAMAUGA LIMESTOMNE HALF A MILE NORTH OF GATE CITY AND 5! MILES NORTHEAST OF CENTER OF BIRMINGHAM,
LIMESTOMNE, BETWEEN WAGOMN ROAD AND RAILROAD NEAR SOUTH EDGE OF WEST FACE OF RED MOUNTAIN, LODKING MORTHEAST
BESSEMER QUADRANGLE, IN CAHABA VALLEY Limestone of Lowville (lower Black River) age above, and of Stones River (Chazyan) age below. Contact marked by rubbly argillaceous bed cropping out at left margin of quarry at
roots of the two small trees. Rubbly bed swells out tor ght into small coral resd an lower ngh t-hand corner, believed to be of Black River agne., Reaf composed of a jumbled

mass of large Stromatocerium and Columnana heads w which are mixed abundant smaller heads of Solenopora. Bryoroa and brachiopods ales fair y abundant. E".-l.-':-'-u"'n;:-

mus antiquatus Raymond or Beatricia Ulrich {common) and Tetradium cellulosum (abundant), two g side fossils of the Lowville, in the 20 feat of thin beds beginning abaout 10
bove the r

and Sevier gshale (Ottosee shale of Ulrich) of east Tennessee, aggregating as a maximum 7,000 or 8,000 feet in thickness

rbly bed Great strat graphic hiatus between Lowwille and Stones River beds shown here due to absence of Holston marble, Athens shale, Tellico sandstone,

PLaTE IX.—OLD QUARRY AT MOUNTAIN TERRACE, IN NORTHEASTERN ENVIRONS OF BIRMINGHAM, - -
LOOKING EAST, SHOWING SAME SUCCESSION AS SHOWN IN ELATE VIII PLaTe X.—CUT ON MOUNTAIN TERRACE ROAD IN NORTHEASTERN ENVIRONS OF BIRMINGHAM, LOOKING SCUTHEAST

Showing position of bed of volcanic ash (bentonite) and the overlying limestone of Trenton age. The bentonite bed is about 40 feet above the bottom

Thinrer layers at top possibly of upper Black River age, Rubbly bed and Stones River-Lowville contact at level of man's head ;
of the thin-bedded himastons shown in the upper part of Plate X



DEPARTMENT QF THE INTERIOR

U. 8 GEOLOGICAL SURVEY

[ty

PLATE X|.— PART OF RED MOUNTAIN FORMATION IMMEDIATELY BELOW BIG SEAM OF IR
HAM, AT SUMMIT OF RED MOUNTAIN, LOOKING NOR

This part is of Brassfield (Medina) age

i ol

PraTe X,

e g

PLATE XV. SHALE, SANDSTOMNE, AND CONGLOMERATE PARTING BETWEEN BIG
SEAM AND IRONDALE SEAM OF IRON ORE, HELEN BESS MINE, IM NORTHEAST

ENVIRONS OF BIRMINGHAM, LOOKING MORTHEAST
Slab with !:H-bb'es shown in Plate XV from \rlﬂ.l:u' bad

ILLUSTRATIONS II

ALABAMA

YANDIVER QUADRANGLES

BESSEMER AND

J

TWENTIETH STREET CUT, BIRMING-

OM ORE,
THEAST

Prate XIl.-RED MOUNTAIN FORMATION AT BASE OF CUT 20 FEET ABOVE BOTTOM OF THE FOR-
MATION, TWENTIETH STREET CUT AT SUMMIT OF RED MOUNTAIN, BIRMINGHAM, LOOKING

EAST
Includes 2

- iy -
BIG ORE SEAM (AT RIGHT) OVERLAIN BY RED SANDSTOME AND SHALE WITH CONGLOMERATIC MEDIUM-BEDDED RED SAND-
STOME AT TOP, SUMMIT OF RED MOUNTAIN ON TWENTIETH STREET, BIRMINGHAM, LOOKING SOUTHWEST

PLATE XVI.-MASS FROM TOP LAYER OF LITTLE OAK LIME-
STONE WITH CHARAGTERISTIC COARSE MESHWORK
OF EARTHY MATERIAL ON WEATHERED SURFACE

The white spots are blue limestone

PLATE XVIIl.—SLAB OF PEBBLES FROM PARTING BETWEEN BIG SEAM
AND IROMDALE SEAM SHOWN IN PLATE XV

The pebbles are of the same kind of limestone and are full of the same fossils as

the limestone capping the Irondale ssam at Rutfner Moo 1 mine, northwest of

lrendale, called by the miners “Jack rock’’

PLaTE XIX.~SHALE IN GASPER FORMATION WITH OVERLYING HART-
SELLE SANDSTONE, RED GAP, JUST EAST OF GATE CITY, NORTH-

EAST ENVIRONS OF BIRMINGHAM

The Red Gap fault, on which the movement causing the aarthquaks in 1914 taok
place, is near and along the highway

0-‘oot bed of sandstone in the middle of the part below the Big seam shown in lower left corner o

Plate X, with bouldery sandstone in bottom

. e
e — -

PLATE XIV.—BIG SEAM OF IRON ORE; TWENTIETH STREET CUT, RED MOUNTAIN, BIRMINGHAM,
LOOKING SOUTHEAST

i

— EEp——— S o S i e T T Vi |
BED OF VOLCANIC ASH (BENTONITE) IN CHICKAMAUGA LIMESTONE AT TWEN-

PLATE XVII
TIETH STREET, BIRMINGHAM, NEAR SUMMIT OF RED MOUNTAIN ON WEST SIDE, LOOKING
EAST

The bentonite is a yallowish clay between the two prominent layers of limestone

PLaTe XX.- QUARRY AT VANMNS, 2 MILES NORTH OF TRUSSVILLE AND 16 MILES NORTHEAST
OF BIRMINGHAM

Fort Payne chert at bottom, Warsaw limestone about 90 feet thick next above
of salitic and slightly asphaltic limestone with Talarocrinug, of early Gasper age.
Gasper is an unconformity due to the absence of the 5t. Louis and Ste. Genevieve limestones.
oolitic bed is about 100 feet of dark to black shale constituting the main body of the Gasper in Birmingham

Tha spur is capped by Hartselle sandstone

At top of quarry is about 7 feet
Between the Warsaw and
Above the

Vallaw.



When it is desirable to recognize and map one or more
specially developed parts of a formation the parts are called
members or by some other appropriate term, such as lendils.

AGE OF THE FORMATIONS,

Geologic time—The largest divisions of geologic time are

called eras, the next smaller are called periods, and the still
gmaller divisions are called epochs. Subdivisions of the Pleis-
tocene epoch are called sfages. The age of a rock 1s expressed
by the name of the time division in which it was formed.

The sedimentary formations deposited during a geologic
period are called a system. The principal divisions of a system
are called series. Any aggregate of formations less than a
series is called a group.

As sedimentary deposits accumulate successively the younger
rest on the older, and their relative ages may be determined by
observing their positions. In many regions of intense disturb-
ance, however, the beds have been overturned by folding or
their relations to adjacent beds have been changed by faulting,
so that it may be difficult to determine their relative ages from
their present positions at the surface.

Many stratified rocks contain fossils, the remains or imprints
of plants and animals which, at the time the strata were depos-
ited, lived in bodies of water or were washed into them or
were buried in surficial deposits on the land. Such rocks are
gaid to be fossiliferouns. A study of these fossils has shown
that the forms of life at each period of the earth’s history were
to a great extent different from the forms at other periods.
Only the simpler kinds of marine planis and animals lived
when the oldest fossiliferous rocks were deposited. From time
to time more complex kinds developed, and as the simpler
ones lived on in modified forms life became more varied. But
during each period there lived forms that did not exist in
earlier times and have not existed since; these are eharacteristic
types, and they define the uge of any bed of rock in which
they are found. Other types passed on from period to period
and thus linked the systems together, forming a chain of life
from the time of the oldest fossiliferous rocks to the present.
If two sedimentary formations are geographically so far apart
that it is impossible to determine their relative positions the
characteristic fossils found in them may determine which was
deposited first. Fossils are also of value in determining the
age of formations in the regions of intense disturbance men-
tioned above.. The fossils found in the strata of different areas,
provinces, and continents afford the most effective means of
combining local histories into a general earth history.

It is in many places difficult or impossible to determine the
age of an igneous formation, but the relative age of such a
formation can in general be ascertained by observing whether
an associated sedimentary formation of known age is cut by the
igneous mass or lies upon it. Similarly, the time at which
metamorphic rocks were formed from the original masses may
be shown by their relations to adjacent formations of known
age; but the age recorded on the map is that of the original
masses and not that of their metamorphism.

Symbaols, colors, and patlerns.—Each formation is shown on
the map by a distinetive combination of color and pattern and
is labeled by a special letter symbol.

Patterns composed of parallel straight lines are used to
represent sedimentary formations deposited in the sea, in lakes,
or in other bodies of standing water. Patterns of dots and
circles represent alluvial, glacial, and eolian formations. Pat-
terns of triangles and rhombs are used for igneous formatjons.
Metamorphic rocks of unknown origin are represented by
short dashes irregularly placed; if the rock is schist the dashes
may be arranged in wavy lines parallel to the structure planes.
Suitable combination patterns are used for metamorphic forma-
tions that are known to be of sedimentary or of igneous origin.
The patterns of each class are printed in various colors. The
colors in which the patterns of parallel lines are printed indi-
cate age, a particular color being assigned to each system.

Each symbol consists of two or more letters. The symbol
for a formation whose age is known includes the system sym-
bol, which is a capital letter or monogram; the symbols for
other formations are composed of small letters.

The names of the geologic time divisions, arranged in order
from youngest to oldest, and the color and symbol assigned to
each system are given in the subjoined table.

Geologic time divisions and symbols and colors agsigned Lo the roek systems,

e — acama

Era. Pariod or system. | Epoch or series. | HL‘:;L i’;::h:;rﬂ;
[Quq.tqrnu.rf e - | { | & | Brownish yellow,
Cenoxole ! | | I'Iu.l-wuu_
T ey 1 4 B T | ¥eéllow ogher,
ClPeLasr LS R K| Olive-green.
Mesozolo. —oeen| | JUPRBEIG oo cocibddrpo -l J | Blne-green.
TrAse e e m e -l R | Peacock-blue.
E"brlnlli Tt |
Carbonlferons o —oaeooeee | P‘i:ln:u.a}h imn k ¢ | Blua
] Mississippinn._. |
Palsozolbe oo 4 DevonlRN. e e 2o v} Hlue-gray.
Silurian .- 5 HM. purple.
Urdovician Q| Héd-purple.
ﬁw'ubrl'rlﬂu & € | ﬂd lzle- l;.lﬂ e
FOED onking. A rowniks!
Prote Ly {..'m.hlmn ..... | M | Gray-brown.

DEVELOPMENT AND SIGNIFICANCE OF SURFACE FORMS,

Hills, valleys, and all other surface forms have been pro-
duced by geologic processes. Most valleys are the result of
erosion by the streams that flow through them (see fig. 1),
and the alluvial plains that border many streams were built
up by the streams; waves cut seda cliffs, and waves and currents
build up sand spits and bars. Burface forms thus constitute
part of the record of the history of the earth.

Y

Some forms are inseparably connected with deposition. The
hooked spit shown in figure 1 is an illustration. To this class
belong beaches, alluvial plains, lava streams, drumling (smooth
oval hills composed of till), and moraines (ridges of drift made
at the edges of glaciers). Other forms are produced by erosion.
The sea cliff is an illustration; it may be carved from any rock,
To this class belong abandoned river channels, glacial furrows,
and peneplains, In the making of a stream terrace an alluvial
plain is built and afterward partly eroded away, The shaping
of a plain along a shore is usually a double process, hills being
worn away (degraded) and valleys filled up (aggraded).

All parts of the land surfice are subject to the action of air,
water, and ice, which slowly wears them down, producing mate-
rial that is carried by streams toward the sea. As this wearing
down depends on the flow of water to the sea it can not be
carried below sea level, which is therefore called the base-level
of erosion. Lakes or large rivers may determine base-levels
for certain regions. A large tract that is long undisturbed by
uplift or subsidence is worn down nearly to base-level, and the
fairly even surface thus produced is called a peneplain. If the
tract is afterward uplifted it becomes a record of its former
close relation to base-level.

THE GROLOGIC MAPS AND SHEETS IN THE FOLIO.

Areal-geology map. — The map showing the surface areas
occupied by the several formations is called an areal-geology
mdp. On the margin is an explanation, which is the key to
the map. To ascertain the meaning of any color or pattern
and its letter symbol the reader should look for that color,
pattern, and symbol in the explanation, where he will find
the name and description of the formation. If he desires to
find any particular formation he should examine the explana-

tion and find its name, color, and pattern and then trace out

the areas on the map corresponding in color and pattern.
The explanation shows also parts of the geologic history. The
names of formations are arranged in columnar form, grouped
primarily according to origin—sedimentary, igneous, and meta-
morphic rocks of unknown origin—and those within each
group are placed in the order of age, the youngest at the top.

Feononic-gealigy map.—The map representing the distribu-
tion of useful minerals and rocks and showing their relations
to the topographic features and to the geologic formations is
termed the economie-geolugy map. Most of the formations
indicated on the nreul—gmlugv map are shown on the economic-
geology map by patterns in fainter colors, but the areas of
productive formations are emphasized by strong colors. A
mine symbol shows the location of each mine or quarry and
is accompanied by the name of the principal mineral produet
mined or quarried. If there are important mining industries
or artesian basins in the area the folio includes special maps
showing these additional economic features.

Structure-section sheet.—The relations of different beds to
one another may be seen in cliffs, canyons, shafts, and other
natural and artificial vuttings Any cutting that exhibits these
relations is called a seetion, and the same term is applied to a
diagram representing the relations. The arrangement of the
beds or masses of rock in the earth is called structure, and a
section showing this arrangement is called a siructure section.

FiaurE 3.—Sketeh showing a vertical section below the surface at the front
and a view beyond. 7
The geologist is not limited, however, to natural and arti-
ficial cuttings for his information concerning the earth’s strue-
ture. Knowing the manner of formation of rocks, after tracing
out the relations of the beds on the surface he can infer their
relative positions beneath the surface and can draw sections
representing the probable structure to a considerable depth.
Such a section is illustrated in figure 2.

Handstone and con-
Elomisrate.

Shaly sandstons.

Sohist, Massive and bedded Ignecns rook.

Fravirk & —Symbols used in seations to represent different kinds of roek.

The figure represents a landscape that is cut off sharply in
the foreground on a vertical plane so as to show the under-

ground relations of the rocks. The kinds of rock are indicated
by appropriate patterns of lines, dots, and dashes. These

patterns admit of mueh variation, but those shown in figure 3
are used to represent the commoner kinds of rock.

The plateau shown at the left of figure 2 presents toward
the lower land an escarpment, or front, made up of sandstone,
which forms the eliffs, and shale, which forms the slopes. The
broad belt of lower land is traversed by several ridges, which,
as shown in the section, correspond to the outerops of a folded
bed of sandstone that rises to the surface. The upturned
edges of this bed form the ridges, and the intermediate valleys
follow the outerops of limestone and calcareous shale.

Where the edges of the beds appear at the surface their
thickness can be measured and the angles at which they dip
below the surfice can be observed, and by means of these
observations their positions underground are inferred. The
direction of the intersection of the surface of a dipping bed
with a horizontal plane is called its strike. The inclination of
the bed to the horizontal plane, measured at right angles
the strike, is called its dip.

In many regions the beds are bent into troughs and arches,
such as are seen in figure 2. The arches are called anficlines
and the troughs synelines. As the materials that formed the
sandstone, shale, and limestone were deposited beneath the sea
in nearly flat layers the fact that the beds are now bent and
folded shows that forces have from time to time caused the
earth’s crust to wrinkle along certain zones. In places the
beds are broken across and the parts have slipped past each
other. Such breaks are termed faulfs. Two kinds of faults
are shown in figure 4.

Frauag 4. —Ideal seetions of broken and bent strata, showing (a) fiermaié
faults and (b)) a thrist or reperse fault,

At the right of figure 2 the section shows schists that are
traversed by igneous rocks. The schists are much contorted,
and the form-or arrangement of their masses underground can
not be inferred. Hence that part of the section shows only
what is probable, not what is known by observation.

The section also shows three sets of formations, distinguished
by their underground relations. The uppermost set, seen at
the left, is made up of beds of sandstone and shale, which lie
in a horizontal position. These beds were laid down under
water but are now high above the sea, forming a platean, and
their change of altitude shows that this part of the earth’s
surface has been uplifted. The beds of this set are eoa-
Sformable—that is, they are parallel and show no break in
sedimentation.

The next lower set of formations consists of beds that are
folded into arches and troughs. The beds were once contin-
uous, but the crests of the arches have been removed by erosion.
These beds, like those of the upper set, are conformable.

The hotrizontal beds of the plateau rest upon the upturned,
eroded edges of the beds of the middle set, as shown at the left
of the section. The beds of the upper set are evidently
younger than those of the middle set, which must have been
folded and eroded between the time of their deposition and
thut of the deposition of the upper beds. The upper beds are
unconformable to the middle beds, and the surface of contact
is an wnconformity.

The lowest set of formations consists of erystalline schists
and igneous rocks. At some period of their history the schists
were folded or plicated by pressure and intruded by masses of
molten rock. The overlying beds of the widdle set have not
heen traversed by these intrusive rocks nor have they been
affected by the pressure of the intrusion. It is evident that
vonsiderable time elapsed between the formation of the schists
and the beginning of the deposition of the beds of the wmiddle
set, and during this time the schists were metamorphosed,
disturbed by the intrusion of igneous masses, and deeply
eroded. The contact between the middle and lowest sets is
another unconformity; it marks a' period of cmsmn between
two periods of deposition.

The section and landscape in figure 2 are ideal, but they
illustrate actual relations. The sections on the structure-
gection sheet ure related to the maps in much the same way
that the section in the ligure is related to the landscape. The
profile of the surface in each structure section corresponds to
the actual slopes of the ground along the section line, and
the depth to any mineral-producing or water-bearing bed
shown may be measured by using the scale given on the mup.

Columnar seetion.—Many folios include a columnar section,
which contains brief descriptions of the sedimentary formations
in the quadrangle. It shows the character of the rocks as well
as the thickness of the formations and the order of their acen-
mulation, the oldest ar the bottom, the youngest at the top. 1t
alzo indicates intervals of time that correspond to events of uplitt
and degradation and constitute interruptions of deposition.

THE TEXT OF THE FOLIO.

The text of the folio states briefly the relation of the area
mapped to the general region in which it is situated; points
out the salient natural features of the geography of the area
and indicates their significance and their history; considers
the cities, towns, rouads, railroads, and other humun features;
describes the geology and the geologic history; and shows the
character and the location of the valuable mineral deposits.

Grorce Oris SMITH,

January, 1924, LDirector,
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