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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 waps called atles sheets, and the geslogic atlas will
consist of parts ealled fulios. 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 4 text describing its
topographic and geologie features. A guadrangle is limited by
parallels and meridians, not by political boundary lines, such
as those of States, counties, and townships.  Each guadrangle
iz named from a town or a natural feature within ir, and at
the sides and corners of each map are printed the names of
adjucent quadrangles.

SCALES OF THE MAPS,

On g map drawn to the seale of 1 inch to the mile a linear
mile on the ground would be represented by a linear inch on
the m.ﬂp, and each square mile of ‘the ground would be repre-
sented by a square inch of the map. The scale may be expressed
algo 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 (3,960 inches in & mile, the geale 1 inch to the mile is
expressed by the fraction Lo, or the ratio 1:63,560.

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
seale of 1:51,680 a square inch of mup surface represents
abont one-fourth of a square mile of earth surfuce; on the
scale of 1:G2,500, about 1 square mile; and on the seale of
1:125,000, about 4 square miles. In genemlua standard map
on the scale of 1:125000 represents one-fonrth of a “square
degree”—that is, one-fourth of an area messuring 1 degree of
latitude by 1 degree of longitude; one on the seule of 1:62,500
represents one-sixteenth of a “square degree”; and one on the
seale of 1:31,680 represents onesixty-fourth of a “squure
degree”  The areas of the corresponding quadrangles are
about 1,000, 250, and 60 square miles, though they differ with
the latitude, s “square degree” in the latitide of Bdston, for
example, being only 3,525 square miles and one in the latitude
of Galveston being 4,150 square miles,

FEATURES BHOWN ON THE TOPOGRAPHIC MAFS.

The features represented on the topographic maps comprise
three general elasses—(1) inequalities of surfice, sucl as
plains, plateaus, villeys, hills, and mountains, which collec-
tively make up the refief of the area; (2) bodies of water; snch
as strenme, lakes, swamps, tidal flats, and the ses, which
collectively make up the dratnage; (3) such works of man as
roads, railroads, buildings, villages, and eities, which collee-
tively ure known us culture,

Relief.—All altitudes are measured from mean sea level.
The beights of many points have been aceurately 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 nrea
mapped, the form of the surface, and the grade of all slopes.
This is done by contour lines, printed in brown, each repre-
senting 4 certain height above sea level, A contour on the
ground passes through points that have the same altitude.
Une who follows a contonr will go neither uplill nor downhill
but on a level. The manner in which contour lines express
altitude, form, and slope is shown in figure 1.

Fiavee 1. —ldeal view and eorresponding sontour wap.

The view represents a river valley between two hills, TIn
the foreground is the sea, with # 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

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 inelude the distant ‘part of the view.

As contours are continuouns horizontal lines they wind
ﬁlllﬂﬂ!.lll}‘ aboul s-jmumh ﬂllrﬂmﬁ,, recede fu!r_r I'il"-’in{?.ﬁ, sl pro-
jeet around spurs or prominences. The relstions of contour
eurves and angles to the form of the land can be seen from
the map and sketch. The contour lines show not only the
ghape of the hills and valleys but their altitude, as well as the
steepness or grade of all slopes,

The vertical distance rvepresented by the space between two
successive contour lines—the contour interval—is the same,
whether the contours lie along a eiiff 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 contonrs are far apart on
gentle slopes and near together on steep slopes.

The contour interval i 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 eon-
tour interval; that of a steep or mountainous country can gen-
erally be adequately represented on the same seale by the use
of 4 larger interval. The smallest interval commounly used on
the atlas sheets of the Geological Survey is 5 feet, which is
used for regions like the Mississippi Delta and the Disinal
Swamp. An interval of 1 foot has been used on some lirge-
scale maps of very flat areas.  On maps of wore rugged coun-
try contour intervals ot 10,20, 25, 50, and 100 feet are used,
and on maps of great monntain 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 S0 feet, and
#0 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 ull points whose altitudes are above the lower and below
the bigher ‘contour. Thus the contour at 40 feet falls just
below the edge of the terrace, and that at 60 feet lies above the
terrace; therefore all points on the terrace are shown to Le
more than 40 but Tess than 60 feet above the sea. In this
illustrution all the contour lines are numbered, but on most of
the Geologieal Survey's maps only certain contour lines—
sy 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 dpwn from these. More exact altitudes
for wuny points are given in bulleting published by the
Geologieal Survey.

Drainage.—Watercourses arve 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 resppears is broken. Lakes and other bodies of water
and the geveral 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 SHOWXN ON THE GHOLOGLO MAPS,

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 fur a8 known, in such detail as the scale permits.

: KINDS OF ROCKS.

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

fgneous yocks.—Rocks that have cooled and consolidated
from a state of fusion are known as igneous. Molten material
has from timwe 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 conselidation
of molten material, or magma, within these channels—that is,
below the surfuce—are called infrusive. An intrusive wass
that occupies a nearly vertical lissure which has approximately
parallel walls is called a dike; one that fills a large and irreg-
ular conduit is termed a stock. Molten material that traverses
gtratified rocks may be intruded along bedding planes, forming
masses caled sills or sheels if they are relatively thin and
laceoliths if they are luge 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; Melten material that is poured out
through channels that reach the surface is ecalled leve, and
lava may build vp voleanie mountains. lgneous rocks that
have solidified at the surtace are called exlrusive 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
accotnpany voleanic eruptions, causing the ejection of dust,

ash, lapilli, and larger frugments. These materials, when con-
solidated, constitute breceiss, agglomerates, and tuffs.

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

The chief agent in the transportation of rock débris is water
in motion, including rain, streams, and the water of lukes and
of the sea. The materials are in large part carried as solid
particles, and the deposits they form are called mechanical.
Buch 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 tocks of chemical and organic origin are limestone, chert,
gypsum, salt, eertain 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, o line-grained earth;
the most characteristic of the glacial deposits is (il & hetero-
geneous mixture of boulders and pebbles with elay or sand,

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

The surface of the earth is not immevable; over wide regions
it very slowly rvises or sinks with reference to the sea, and shore
lines are thus changed. As a vesult 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 disinfegrate, 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 hodies of water. Usnally its journey is not con-
tinuous, but it is temporarily built into river bars and flood
pliing, where it forms afluviwn.  Alluvial deposits, glacial
deposits (eollectively 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 ocenpied by the roots of plants, constitute soils and
subsoils, the soils being usually distinguished by a considerable
addmixture of organic matter,

Metamarphic rocks—In the course of time and by varions
processes rocks may become greatly changed in composition
and textore, If the new churucteristics are more pronounced
than the old the rocks are called melamorphie. 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 eomplete gradation from the primary
to the metamorphic form may exist within a single rock muss.
Such changes transtorm sandstone into quartzite and limestone
into marble and modify other rocks in various ways.

From time to time during geologic ages vocks that have been
deeply buried and have been sabjected to enormous pressure,
to slow movement, and to igneous intrusion have been 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 cloavage, and the cleavage
planes muy eross the original bedding planes at any angle.
Rocks chameterized by cleavage arve called slates.  Crystals of
mica or other minerals may have grown ina roek in parallel
arpangement, eausing lamination or foliation and producing
what is known as schistosity. Rocks that show schistosity
are called sehists,

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

GEOLOGIC PORMATIONS,

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, ag, for example, an alternation of shale and
limestone. 1f 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, uud the distinction between some
such formations depends almost entirely on the fossils they
contain.  An igneous formation contains one or more hodies
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 insble tock cover.]



DESCRIPTION OF THE BESSEMER AND VANDIVER

INTRODUCTION
LOCATION AND EXTENT OF THE AREA

The Bessemer and Vandiver quadrangles, which are called
in this folio the Bessemer—=Vandiver area, arve in Jefferson and
Shelhy counties in the north-central part of Alabama, (See
fig. 1.) The aren is bounded by parallels 33° 15" and 35°
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Figunre L—Index map of vortheistern Alsbama and portions of adjassnt
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The losmtion of the Hessmaer nnd YVaudiver gunidranggles, coverind by Follo 821, 1s shawn ey thas
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30" and meridians 86° 30" and 87°. It covers one-eighth of 4

square degree and has an area of 498 square miles. The urea

was surveyed in cooperation with the Geologieal Survey of

Alabama.
THE APPALACHIAN HIGHLANDS

EXTENT

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

east to the Interior Plaing on the west and from Canada and
Lake Erie on the northeast to Alabama and Georgin on the
southwest. The boundaries of this major division and of its
larger subdivisions ave shown on the sketeh map (fig. 2).

SUTBDIVISIONS

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

! Pononeman, N. M., Physlographio divisions of the United States: Assoa.
Am. Geographers Annals, vol. 6, pp. 19-98, 1917,

QUADRANGLES

By Charles Buits

the west of the Appalachinn Plateans 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 hetween the Piedmont and Blue Ridge
provinces is the east foot of the Blue Ridge and the foot of
the high but irregular eastern searp 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
hetween the Piedmont and Blue Ridge provinces, about 15
miles southeast of Dalton. The Blue Ridge province thus
terminates in northwestern Georgia. Thence southwestward
the Piedmont and Appalachian Valley provinees are contigu-
ous, the indefinite boundary between them running southwest-
ward through Sylacangs, Ala,, to the Coastal Plain in Chilton
County, Ala, The boundury between the Appalachian Valley
and the Appalachian Plateans is, in Pennsylyvania, the escarp-
ment known as the Allegheny Front or Allegheny Mountain;
in southwestern Virginia and through Tennessee, the Cumber-
land escarpment or Cumberland Mountain; and in Alabama,
the eastern searp 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 SO0
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.

PIEDMOXT PROVINCE

The Piedmont provinee is a rolling opland 1,100 feet ahove
sen 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, ). 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 metamorphic.

BLUE RIGE PFROVINCE

The Blue Ridge provinee, which is narrow at its northern end
in Virginia, is over 60 miles wide in North Carolina. It is n
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.
Throughont its extent this provinee stands conspicuously shove
the bordering provinees, from each of which it is separated by
a steep, broken, rogged front 1,000 to 3,000 feet high.

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

APPALACHIAN VALLEY PROVINCE

FENKRLAL FEATURES

The Appalachian Valley provioce, in the south end of
which the Bessemer—Vandiver area 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 3,00 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 ghale valleys constituting the larger
part of the Appalachian Valley province in the Birmingham
district is considerably lower than that of the adjacent provinees.

The rocks and stractural conditions that ocenr in the
Bessemer—Vandiver aren prevail throughount the length of the
Appalachian Valley province. The rocks are not crystalline,
like those of the Piedmont and Blue Ridge provinees, but sedi-

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

SUHDIVISIONS IN ALAIIAMA

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 ure generally grouped along the
west side of the valley from New York to Alasbama. 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 enstward and narrows 1o a point o few miles southeast
of Gadsden, It includes Blount and Chandler mountains.
The name Cababa 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, Tt includes Shades,
Jones, and Opossum valleys and Red Mountain and Enon or
Flint Ridge.

Coosn  Valley—East of the Cahaba Ridges is the Coosa
Valley, which is the broad, generally flat, low country oecupied
by Coosa River and its tributaries and farther sonthwest by
Cahaba River and its eastern tributaries,

APPALACHIAN PLATEAUS FROVINCE

The Appalachian Plateaus division of the Appalachian
Highlands is relatively high, ranging from 500 feet above the
gen, a8 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 searp 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 platean. Ome of these parts is
the Cumberland Plateau of Tennessee, which is the part of the
provinee that now most nearly answers to the coneeption of a
plateau. The high knobs of Madison and Jackson counties
are outliers of the Cumberland Platean.

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

GENEHAL FEATURES

Nearly all of the Bessemer—Vandiver area is in the Appa-
Inchian Valley provinee, 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 southenst third of the Vandiver
quadrangle falls in the Coosn 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

T'he altitude of the area ranges from 540 feet above sea level
on Cahaba River at the south margin of the Bessemer guad-
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 iz 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
areatest local velief, 500 to 1,000 feet, is along the belt of high
ridges traversing the Vandiver quadrangle diagonally from the
vicinity of the sonthwest corner to the northeast corner.

TOPOGRAPHIC TYPES

There are in the area two distinet types of topographic
features which may be designated the linear and diffuse types.
The linear type is characterized by parallel ridges and valleys
that trend northesst, and the diffuse type by an irvegular
arrangement of ridges and valleys. The diffuse type prevails
in the part of the guadrangles lying in the Appalachian
Plateaus provinee and in the Coosa Valley; the linear type
distinguishes the Cahaba Ridges.

The two types of topography ave the result of differences in
the character and attitude of the strata, as iz 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
coincide with the onterops-of the more resistant sandstone and
conglomerate, The valleys are wide and flat. (See PL L)
Lispecially noteworthy examples of the ridges are Oak, Double
Oak, and Double mountains, which eroes the Vandiver quad-
vangle. These are formed of the highly inclined basal sand-
stones (“ Millstone grit”) of the Pottsville formation (“Coal
Measures™”) of the Coosa coal field. Signal Mountain, the
highest point in the quadrangles, is situated at the point
of a canoe-shaped syncline of one of these hasal sandstone
strata. The rocks of the plateau region in the northwestern
purt of the Bessemer quadrangle are all shale and sandstone,
which lie practically flat. On account of their flatness their
resistance to evogive forces has been equal in all lateral direc-
tiong, so that the arrangement of the valleys and ridges is
irrecular. The ridges extend in all directions; they wvary
greatly in breadth from point to point, and no 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
irvecularly arranged streams and ridges and spurs.  Although
the rocks in this aren are steeply inelined and intensely pli-
cated, they are in general fairly uniform in hardness and with-
out thick and persistent hard strata that would have a eon-
trolling influence on the topography. The topographic features
resulting from erosion are similar to those resulting from the
erosion of flat rocks.

DRATNAGE

The DBessemer and Vandiver gquadrangles lie in the Black
Warrior, Cahaba, and Coosa drainage basing.  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 of 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,
snd 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, oceupy 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 Buck
creeks,  Fven during droughts these stremms 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 mileg, 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 containg Birmingham (population in
1920, 173,806), 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 coneentration 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 fuvorable for building and local intercommunication ;
and the natural features of the surrounding country present
favorable conditions for communication with the outside world.

Outside of the industrial district just described 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
ag Acton and Coalmont.

All the limestone valleys and the broad, gently nndulating
surface of Coosa Valley in the southeastern part of the
Vandiver quadrangle are largely cleared and cultivated, as ave
alzo the gentler slopes of the ridges and the more level tracts
within the coul 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-
metr for considerable distances into the sarronnding country.
The ordinary country roads are conveniently spaced and are
kept in good eondition, 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 Sorvey. In this folio many new
tormations and new members in the old formations are recog-
nized and mapped, and 8 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 ave all of sedimentary origin
and range in age from Cambrian to Carboniferous; all the
’aleozoic 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 ontil 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 stratigraphic significance. The
generalized columnar section in the back of the folio gives a
condensed expression of the stratigraphy of the area.

In this rvegion there arve 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
Chepultepee dolomite, are in part the basis of a new geologic
system proposed by . 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 distinct system
arose.  Ulrich deseribes 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 thuu (1) the
top of the Upper Cambrian Nolichoeky shale in northenstern ‘Pe-
nessee and (2} the top of the Conasaugan shale in sontheastern
Tennessee. northwestern Georgia, and northesstern Alabama, anid
which are older than the base of the Stonehenge limestone of (he
Canadian system [Beekmantown group] in southern and cential
Pennsylvania.

Pending the presentation of all the evidence supporting the
infroduction 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 Ordovieian.
The present writer, however, believes that the Ozarkian system
of Ulrich should be adopted for use in this folio, becanse 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 deseribed 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 etratigraphic
suecession, 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 regiong, and
the various clascifications followed by the Alabama and United
States Geological Surveys.

STRATIGRAPHY
SHALE OF UNENOWN AGE
In 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, 0., Revision of the Paleoxole systems: Geol. Hoe, Ameries
Bull., vol. 23, pp. 281-680, 1911,
" Idem, p: G27.

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 arve 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 veports on northwestern (ieorgia
and eastern Tennessee, but the age of the gray shale is uncer-
tain. It iz in contact with different formations on different
sides—on the southwest with a heavy cherty formation sup-
posed to be the Copper Ridge delomite, 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 ghale 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.

CAMBRIAN SYSTEM

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

ROME {"MONTEVALLO'") FORMATION

Name and limits—The name Rowe formation, from Rome,
(., 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, fo 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 eurrency by use in
eleven folios of the Geologic Atlus 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 guadrangle 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,
ag 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 lithologie boundary
is definite and easily recognized. Above it everywhere lies
the olive-colored shale or blue oolitic limestone of the Cona-
sauga 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 npon 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 o fault, along
which the formation has been thrust westward and npward into
contact with the Carboniferous rocks west of the fiult. The
vertical movement along this fault can not have been muech if
any less than 12,000 feet. Small areas of the formation oeeur
also in the southesstern part of the Vandiver quadrangle.
These are remnants of an overthrust mass that has been nearly
removed by erosion.

Characler.—The Rome formation is com posed 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 brown 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-
pertions of silica and lime carbonate.

Thickness.—As the bottom of the Rome formation does not
erop 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 heen
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 identified by the
writer.

Mioromitra (Paterina) major Obolur smithi Walcott.

Walcott. Winmuelln shelbyensis Walcoth,
Micromitra (Paterina) willinrdi Olgnelling thompsoni Hall

Waleott. |  Paedenmias transitans Walcott,
Micromitra (Iphidelln) pannois Wannerin halli Waleott.

White.

The fossils in this list, except the Oleneflus, were obtained
from two loealities, one a quarter of a mile north of Helena
and the other 4 miles south of Helena, from a bed that scems
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 thompsoni is
abundant. Of the fossils in the list Micromitra (Paterina)
williardi, Obolus smithi, and Wimanella shelbyensiz ave known
only from the Rome of Cahaba Valley. The Micromitra
(Paterina) pannula is vecorded by Walcott from Lower, Mid-
dle, and Upper Cambrian rocks, but the greater number of
ovenrrences are Middle Cambrian. The Paeedewming and the
Wanneria ave in gome regions, as York County, Pa., associated
with Olenellus, which iz aceepted 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 he Middle
Cambrian.

On the basis of continuity and lithelogy as well as on rather
meager fossil evidence, the Rome formation has been cor-
related with the npper 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 sommer of 1926,
throw considerable doubt upon the supposed equivalency of
the Rome and Russell formations. -

CONASAUGA (MCO0SA") LIMESTONE

Name—The name Conasauga, from Conasaugs River, in
northwestern Georgia, was introduced by Hayes in December,
1890, and appeared in print in Febroary, 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, ocecupying a belt about a mile wide the whole
length of the valley within the Bessemer quadiangle, As the
Conasauga is absent in the Bessemer quadrangle in Cahaba
Valley, it must thin ont somewhere underneath the Cahaba
coal field.

The gray and yellowish shale of the formation was seen at a
number of places in the vieinity 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 iz 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 Conasauga torms low, Hat, damyp valleys
known as Flatwoods.

Character.—The Conasauga is made np 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 at
hand show, high in caleium carbonate 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 ocenr in the shale. This material is dark within but
rusty on the weathered surfuce. 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 Dessemer. (See Birming-
ham folio, No. 175, PL. I.) 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 ocears 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 localities, us 1 to 3 miles
northeast of Montevallo, about 30 miles gouth 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 vicinity of DBessemer and elsewhere in Jones
Valley some of the limestone is shot through by a network of
calcite veins.

Hessgmer-YVandivor
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Thickness—The thickness of the Conasauga iz 1,900 feet, s
calenlated from the width of the outcrop 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—1,600 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 plentiful in the
Conasauga, althongh it appears to be unfossiliferons 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 surfice 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 organiec origin. Fossils collected from the
Conasauga limestone in Jones and Opossum valleys in the
Bessemer and Birmingham quadrangles are listed below as
determined by C. D). Walcott.

Lingulella buttsi Waleott,
Lingulella desiderata (Waleott). Obolus lambornd (Meok).
Lingulelln quadrilateralis (¥Wail- Obolus willisi (Walsott).

cott). Norwoodin simplex Waleott.
Lingulelln sfmilis { Waleot). Morwoodin pondercen Waleott.
Dicellomns appalachia Waleott. Norwoodia gracilis Waleott,
Aerotreta kutorgai Waleott. Agnostus, 8 or 4 species,
Micromitra alabamaensis {Wal- Crepicephalus texanns Shumnrd,

cott, Crepicephnins thoosa Waleott

Westonia.

The species of trilobites listed are now regarded by both
Walcott* and Ulrich as characteristic of the Upper Cambrian,
but according to Walcott some of the brachiopods range down
into the Middle and Lower Cambrian. 1t is agreed, however,
that ut least that part of the Conasaunga which carries the
fauna listed is of Upper Cambrian age. No exclusively Middle
Cambrian fossils are yet known from the Conasauga of Birming-
i Valley.  But the Conasauga of the areas southeast of the
Cahaba coal field in Alabama earries 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-
vania. Thig correlation, however, ig correet only for the Cona-
saugn of the State as 2 whole. The Conagauga of Bicmingham
Valley, so far as known, is more nearly equivalent to the Noli-
chuecky shale and perhaps the Maryville limestone also.®

CAMBRIAN OR ORDOVICTAN BYSTEM

BUBDIVISIONS

Pending a decision as to the adoption of Ulrich’s proposed
Ozarkian system, five formations are classified hy the United
States Geological Survey as of either Cambrian or Ordovician
age, They are, in ascending order, the Brierfield, 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
urea, but the entire series is 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 systems,

UNCOXFORMITY AT THE BASE OF THE KETOXA AND COPPER RIDGE

DOLOMITIES

In Birmingham Valley the Ketona dolomite succeeds the
Jonasanga limestone, the Brierfield dolomite, which in the
Montevallo quadrangle lies between the two formations, heing
absent. In Cahaba Valley the Conasauga limestone and
drierfield dolomite are both absent, and the Ketona lies upon
the Rome formation. Furthermore, the Ketona itself’ is almost
certainly absent for some distance north and south of Bessemer,
where the Copper Ridge dolomite and Conasanga 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 Conasauga and Brier-
field formations us developed elsewhere, amounting to 3,000
feet; and the gap between the Conasauga and Copper Ridge
in the vieinity of Bessemer, where the Brierfield, Ketona, and
Bibb are absent, amounts to about 2,500 feet.

KETONA DOLOXMNITE

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, G, D, Cambrian trilobites: Smithsonian Mise Coll., vol, 84,
No..8, 1916,

"For forther disgossion of this subject and for figares of some of the
fossils listed hore and elsawhere in this folio see Butts, Charles, and ofliers,
Feology of Alnbamn: Alabnma Geoll Survey SBpecinl Pab. 14, 1926,

Distribution.—The Ketona apparently underlies most of
Opossum Valley north of Woodward and crops out in a nar-
row strip on the east side of Flint Kidge northward to Walnut
Girove. 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, nas shown by the faet
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 Carboniferous rocks by a narrow strip of the Rome
formation. :

Characler—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 Thomag, in Opossum Valley, the I etona 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, Chemically this rock iz nearly pure
dolomite, as shown by the following average of a number of
analyses:

Analyses of Ketona dolomite
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1. Average of partinl analyses of gix samples eollected by the anthor
froms tha Frecmwan famn, in the 8W. 3 NE. 3 sec. 28 T. 21 B, R 8 W., 5
miles morth of Montevallo,  SBamples taken every 40 feet through a thick-
ness of abont 200 feet.  Aoalyses by the . 8. Geol, Burvey.

2. Averago analyses of rock taken oot during four monthsat Ketona
gquarry. Analyses by Tennessee Coal, Iron & Railroad Co

#. Average of ten analyses of earload samples, from North Birmingham
fuarey. agerogating b earloads and extending over o period of wore than
thres vears. Analyses by Sloss-Sheflleld Iron & Steel Co,

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

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

Thickness.—The thickuness 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 been 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 TOP OF THE KEETONA DOLOMITE

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

COPPER RIDGRE DOLOMITE

Name.—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 becanse the outerop 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

i Butts, Charles, U, 8. Geol, Survey Geol, Atlas, Birmingham folio {(No.
175), pl. 2, 1910.

T Ulriech, E. 0., Revision of the Paleozoie systems: Geol. Sod. Awerica
Buall., vol. 22, pp. 880637, 1911,

* Mreieh, B, 0., Tennegsee Dapt. Education Div. Geology Bull. 28, p. 84,
1924; Bull 31, p. 16, 1924;



Pleasant Ridge Church, northwest of Bessemer. It erops ont
in the Salem Hills, in Flint Ridge, along the west base of
Red Mountain, and in New Hope Mountain in Cababa 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
surface. 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 & mile east of Alligator
Creek and within the Montevallo quadrangle. A compilation
of the two sections is given below.,

Section along Allgalor Creel dnd Little Cakale Riter in secs. & and 17,
JLEg N R
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The dolomite that constitutes the main mass of the Copper
Ridge is prevailingly a thick-bedded dark-gray and rather
eparse 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 ealeium
carhonate and magnesiom carbonate nearly in the dolomite
ratio. No analyses that arve 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 vidge 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-
seopie 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 ot the other cherty formations
of the region, A typical specimen is shown in Plate III.
The prevailing colors are white, yellowish, and pink.

Topographically the Copper Ridge dolomite generally
expresses itself as a ridge, on account of the pml.eeliug mantle
of chert which has accumulated on the surfice. 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 seetion is 1,750 feet, which may be assumed
as the thickness throughout the Bessemer-Vandiver area.
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Age and eorrelation—No fossils have been found in the
Copper Ridge dolomite in either the Bessemer or the Vandiver
quadrangle. Two types of Cryplozoon in the chert have been
obgerved 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 guadrangle. A col-
lection obtained half a mile west of Chalkville in the Birming-
ham quadrangle and another within a mile west of Bpringville,
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 rule exceedingly rare in the Copper
Ridge, and those found are almest without exception only silicitied
mids in the chert residwe.  Masses of a compound eryplozoon
resembling O wndulatuwm (Pl LY ), a supposed gigantic caleareous 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 ¢ (P V), seem bo be confined
to the upper half of the Copper Ridee,  The other fossils eonsist
chiefly of gastropods, with one or two each of cephalopods and trilo-
bites, all of nndeseribed species.

The eollection from Chalkville seems to come from a higher posi-
tion in the formation than the Springville lot. It contains four
species of Sinwopen, a species of a new genus  ( Nhachopee Ulrich)
combining characters of Siwopes and  Fuconie, and one speecies of a
vew genns of compressed copical limpets ( Gophocoms Ulrich ) that
seems o be charpeteristic of the Ozarkian fiuna.,

The Springville collection oecars in s cellolar, mther mealy chert
observed at a few places beoeath the middle  of the formation.
Exeept the lmpet, which is somewhat dounbifolly commoen to both,
the fossils in this lower zone sre guite different from those found peasr
Chalkville. In the Springville collection we note o new limpet allied
to Treypblidivm, o very tall species of Sceacfla, two species of Hypselo
conig, three species of Staeeogyra—one related to & sweesyi aod
another to 8. ofligua—and asmall corved rapidly tapering cephalopod
of the genus Lepisoceras Foerste,  'With the probable exeeption of the
last all these indieate a lower Ozackian horizon.

Compared with Cearkian fanpas foomd in Missouri the fossils of
the Chalkville collection prove to be most closely rvelated to those
that mark the Proctor dolomite and an undescribed unit above it
Those of the Springville collection, on the other hand, are very
similar and in part indistingnighable from charaeteristic fossils of the
Eminence dolomite. The evidence in hand, therefore, indicates that
the beds referred to the Copper Bidge in Alabama include represent.
atives of the Missouri formafions mentioned. Moreover, as those
Missouri formations are separated from each other and feom the pre-
ceding Potosi dolomite and the succeeding Gasconade dolomite by
overlap uneonformities, and as their maximom agpregate thickness
ig greatly inferior to the maximum thiekoess of the Copper Ridge, it
seems reasonable to infer that the Copper Bidge includes also beds
that fall into the hiatoses known to oceur between the mentioned
formations of the middle Ozarkian sequence of deposits in Missouri.

Tuvestigations wade sinee the publication of the Birmingham folio
have shown that the beds in which were found the first theee of the
fossile listed inthat folio as middle Knox are really muoeh vounger
thaw Copper Ridge." Their horizon in fact eorvesponds to the Long-
view Hmestone of this folio.

CHEPULTEPEC DOLOMITE

Name.~The Chepultepec dolomite was established as a for-
mation by Ulrich'! and named by him from the town of
Chepultepee, 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.

Digtribution.—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
erest 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 mto 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
gray 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 erystalline 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 nnl;mt by Ulrich in his original
deseription, 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 lititle of
sufficiently dense and resistant to form large boulders. Iis
character i shown in Plate VI. As a result of the character

& Ulﬁ( h, E. 0., persongl eommunication.

L B Geol. Barvey Geol, Atlas, Birmingham folio (No, 1756), p. 4 (folio
edition); p. 8% (oetavo edition), 1910

Forich, E. 0., Geol. Boe. Ameriea Bull., vol. 23, 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
1s easy to distingnish in the field the areas of Copper Ridge
and Chepnltepee. However, as their contact is 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 geparated 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 Chepultepee, in the Birmingham quad-
rangle. The following list, identified by Ulrich, comprises
all the determinable species so far found in the typicil expo-
sures of the formation in the vicinity of Chepultepee, Ala., and
at Jazper, 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 :

Archeceyathus ¥ sp. nndet.
Lophozanus ap.
FPelagielln expansa Ulrich,

Waleottoceras obliquun Ulrich
and Foerste,
Livvisoeeras of. L. mereuriag

Hinnopes humeross Olrich. (Billings).
Binuopea regalis Ulrich, Eremoceras gracile Ulrich ancd
Binuopen turgida (Hall). Foerste,

Eremoseras infundibmlom Ulrieh
and Foerate,
Eremoceras major Ulrich and

Rhnchopea grandis Ulrich.
Rhachopea strongi (Whitfleld). |
Ozarkotoma acuta Olrich.

Euomphalopsis involuta Tlrich, Foorata,

Helieotoma aniangulata (Hall): Buehleroeeras sp.

Helicotomn dissreta Llrich. Clarkoderas newton-winehelli
Oearkispiea typica Ulrich. (Clarke).

Chepultepecia lelosomelln (Bar- slarkoceras conjemn Ulrich: amnd
dezon). Poersate.
Gageonadin putilla (Sardeson). Clarkoeeras carvatum [Tlrieh and

Gasconadia nitide Olrich, Foerate.
Ophileta, 4 unnaned species. Onectoceras jasperense Tlrich and
Coamerseeras hnzeahense Tlrieh Foerste,

and Foerate. Hystrienrns? n. sp.

Home of these fossils have been found also in the Chepulte-
pee of the Bessemer-Vandiver area.

Ulrich states that 17 of these 31 species oceur in Missouri in
the chert of the Gasconade dolomite, about the sume number
in the Oneota dolomite in Wiseonsin and lowa, 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, Evidently the deposits of
this age transgressed very widely in northeasterly and north-
westerly directions from central Alabama.

ORDOVICIAN SEYRTEM

The formations definitely assigned to the Ordovician gystem,
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 could not
be applied to any of the units without cansing confusion, so
new names were adopted, except Lenoir and Athens, which
have long been in use in Tennessee. The table on the hack
of the columnar-section sheet shows the equivalence of the
“Pelham limestone™ to the units here adopted.

CATTABA VALLEY

OUNCONFORMITY AT BASE OF LONGYIEW LIMESTONE

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 wog 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 Creck section west of Pelham, in the



Bessemer quadrangle, the hottom 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 abont 1,500 feet
southesst of the ford.

Digtribution—The Longview limestone has been recognized
only in Cahaba Valley, where it ¢rops out in a strip a quarter
of a mile wide along the west side of the valley. In the Van-
diver quadrangle the outerop is repeated by the fanlt 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 hluish-
gray fine-grained limestone and light-gray coarse-grained dolo-
mite or magnesien limestone. [t contains a greater proportion
of dolomite than the next overlying (Newala) limestone and
less dolomite than the underlying Chepultepee dolomite. Tt
yields a compaet but brittle chert that breaks down into small
fragments. Most of it ig gray; a little is black. So fur as
seen in the limestone layers it oceurs in plates, there being no
envernous 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 seldom fails to le
rewarded by a few specimens. Fossils have been found from
the latitude of Montevallo northward to the north boundary of
the Vandiver quadrangle. 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 charae-
teristie 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, Roubidouria, also show that the Longview limestone is
to be correlated with the Roubidoux formation of Missouri.

NEWALA LIMESTONE

Name.—The Newala limestone was named from Newals, a
post office on the Southern Railway between Montevallo and
Clalera, in the Montevallo quadrangle. Tt iz 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 Petham.
The houndary 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 PL VIIL.)

Distribution.—The Newala limestone iz present in Cababa
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 valley across the
Vandiver quadrangle. The eastern of these two belts lns
been brought up by the Cahaba Valley fault. 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 Keystope, Newala,
and Longview and in the adjacent ground in that part of its
aren 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
i few feet thick ocenr here and there throughout the mass,
more commonly in the lower part, but eompose a small pro-
portion of the whole, Some of the layers are mottled and con-
sigt in part of blue limestone and in part of gray dolomite in
irregular distribution. The layers of dolomite are light gray
and conrse grained and have a sandy appearance on the out-
gide, so that they arve 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
grained 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 elear caleite the material has much the appearance of
lithograplie stone. Buch limestone is very chamcteristic of the
formation from its type locality in Alabama to Tennessee. A
fossiliferous layer of this kind at Me(iuire Ford, in the sonth-
west corner of the Montevallo quadrangle, i sprinkled full of
smaull rounded grains of clear glassy quartz. The upper part
of the formation is of high purity and is extensively quarried

Bessemer-Vandlver
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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
Cababa Valley, but owing to uncertainty as to the geologic
structure no estimate of the thickness is made.

Age and ecorrelation.—Fossils aré not abundant but are
generully 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:

Doltatratn  (Ulrich) Alistrinta | Hormotoma artemesin
Buotts, n. gen, and sp. Hormotomas gracilens t

Undeseribod  syntrophoid  bra- Coeloeanlis linearis?
ehiopad, Muneluren affinis?

Maclurea ceean
Fvronemsa ef. G, strigillnte.

Coratopen keithi Ulrich, A sup-
posed  operealum of an un-
known gastropod, Doknown I Dphileto.
outelde of this goneral zone Lecanospira Ulrich, n. gen:
find highly elibrastoristic, Euryvstomites kellogit

Clorntopen, slender spocios, |

In addition to the fossils listed above there are a bryozoun
identified by Ulrich as 8 Nicholsonella and two species of
cephalopods, one a form like Oriloceras, and the other a
slightly enrved form. The species of the list are geograph-
ieally wide-ranging forms and, according to Ulrich, are
restricted  to limestone and dolomite formations somewhat
younger than the Beekmantown at Beekmantown, N, Y.

The Newals may be compared with the reef deposits at Fort
Cassin, in Addison County, western Vermont, and with the
overlying divigion 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.

DDEXNVILLE LIMESTONE

Nume~The nume Odenville limestone has been given to
beds lying between the Newala limestone helow and the base of
the Mosheim limestone, the basal formation of Chazy age.
Whether the Odenville succeeds the Newala without a break
is unknown.

Dristribution and character.—The Odenville limestone is
exposed only in a cut or borrow pit on the north side of
the Seaboard Air Line Railway shout one-third of a mile east
of Odenville, Bt, Clair County. It is an impure argillaceons
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
Newila limestone—at several places in Cahaba Valley hetween
Leeds and Saginaw, in Shelby County.

Age and eorvelation—~This bed is of great interest on
aceount of its fossils, all of which appear to be undescribed
specice. A unique form is o species of Chifon or of a closely
related genus. The most abundant form is an operculum
of some unkvown 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 manuseript) has proposed the names
Dellatreta and Tagia. There are two or three genera of trilo-
bites represented by one epecies each, a Goniurus, a Cybele,
and possibly n Hystricurus of. H. conicus=Bathyrus conicus
(Billings). There is a good-sized species of Maclurea with
its operculum and one or two species of sponges. Further
description of this fauna i 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 Goniwrus is a Beekmantown
form occurring in Canada, and the brachiopods occur in the
upper part of the Arbuckle limestone of Oklahoma in heds
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.

UACONFORMITY BETWERY ODENVILLE AND MOSHEIM LIMESTONKS

As shown in the preceding paragraphg, 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
magsive limestones of the Arbuckle formation 500 to 1,000 feet
of shale that carries graptolites of pre-Chazyan age. This
shle is followed above by the Simpson formation, which in
addition 1o beds of older and younger age, also includes heds
corresponding in age to the Mosheim limestone, which sue-
covds the Odenville limestone. In Alabama, however, there ia
no shale corresponding to that shove the massive limestones of
the Arbuckle in Oklahoma, mentioned above, and further the
well-known still younger Si, Peter sandstone of the Mississippi
Valley and the asgociated beds are abeent in Alabama. If
present in Alsbama these beds wonld also lie between the
Odenville and Mosheim limestones, g0 that there is an uneon-
formity between the two which would be measared by the
thickness of the shsent strata amounting to 1,000 feet or more.

MOSAEIM LIMESTONE

Name and definition.—Throughout the Appalachian Valley
in Tennessee and much of Virginia the limestone of Beekman-
town sge 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 Hailway, about 6 miles west of
Gireeneville, 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.

Disiribution.—In Alabama the Mosheim has been certainly
recognized in the vicinity of Odenvyille, 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, halt' o mile east of the town. Here
the Mosheim is directly overlain by 400 to 500 feet of Lenoir
limestone and is underlain by the Odenville limestone. The
Mosheim is also exposed in the west gide of the quarry of the
cement plant at Leeds snd at Newhope Church in Cahaba
Valley 7 mileg northenst of Pelham. As it is also present 4
miles southeast of Shelby in the Columbiana quadrangle sonth
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 erust on weathering. In places it is highly
fossiliferous. It differs from the Lenoir limestone, which ia
dark, finely erystalling, and argillaceous and which, in places,
in large part has crumbled to small fragments.

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

Age and eorrelation.—~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 undescribed, 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 secn s the Newala limestone, from which the Lenoir
is sharply distinguished by a conglomerate locally and by a
change in lithology and fossils, Tn Cahaba Valley south of
Pelbam the Lenoir is limited above by the easily recognized
black Athens shale.

Digteibudion—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
ean 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.

Characler.— The Lenoir is predominantly dark, thick-
bedded, rather finely erystalline limestone, but dove-colored
compact layers oceur. 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 pebbles the largest of
which are half an inch in diameter. These pebbles are largest
and most numerous and ocenr 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, o mass of conrse conglomerate of unkoown but
probably small extent, which is composed of quartzite pebbles
ag mueh a8 3 inches in dimmeter, with just enongh fine material
for cement,  Southward und northward from this locality the
number und size of pebliles in the basal Lenoir decrease, and
just north of Polbam only a few small angular fragments,
apparently of chert, oceur in a 2-foot layer of limestone. The
basal beds of the Lenoir are also cherty in places, and a few
durk irregular inclusions of chert ocenr throughout the mass.

Thickness.—The thickness of the Lenoir is about 500 feet in
the vicinity of Pelbam and Keystone but appears to be as
mueh a8 700 or 800 feet in the northern part of the Vandiver
quadrangle.

Age and correlation.—Muaelurea magna is 5 common fossil
throughout the Lenoir limestone in these quadrangles. This
fossil oceurs along the Appalachinn Valley northward to north-
eastern New York and porthwestern Vermont, 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 corvelntion of the Lenoir with the middle Chazy. It is
ilso correluted with the Pierce and Ridley limestones of the
Stenes River group of the Nashville basin, Tenn., Haclureu
magna laving been found in the Ridley, according to Safford
and Ulrieh.

USCONFORMITY AT TOI OF LESOIR 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 & complete section, would intervene
hetween 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 occurs in parts of Ten-
nesses, Furthermorve the Athens shale is absent at Pelbam
and northward, so that the gap between the Levoir and Little
Oak limestones is equivalent to 1,200 feet of shale and lime-
stone or, if the maximum thickness of the Athens in Ten-
nessee—i,000 feet—is regarded, the gap represents a much
greater thickness of rocks and a greater length of time.

ATHENS FHALE

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 quadrmngles—one along the west base of Little Ouak
Ridge from Keystone to the south margin of the Bessemer
quudrangle and one on the Page Spring anticline in the south-
enst corner of the Vandiver quadrangle.  The Athens does not
extend far north of Kevstone, for at Pelbam the Little Oak
limestone, overlying the Athens, is in contaet with the Lenoir
limestone.

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

(haracter.~The Athens shale is mostly black or dark
from eurbonaceous matter and probably is caleareous. It
ineludes thin layers of dark limestone. Some layers are sulfli-
ciently ferrnginous to wenther brown, and locally there is at
the top a layer of green shale a foot or two thick. A very
noteworthy festure is the presence of great numbers of grapto-
lites (listed below) that represent a considerable range of species.

Thiekness.—A1 the onterops just noted a thickness of several
hundred feet is indicated. At Bimpson Spring, in the Monte-
vallo quadrangle, 21 miles northwest of Calern, where the
opportunities for measurement are best, the Athens iz 300 to
00 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 Ruedemunn and
Ulrich :

Cllmneograptus. of, Q. putllus Dicranograptus near . contortus
(Hall), [ Ruedemann.

*Cryptograptos  tricornis (Car- *Didymograptus sagitticaalizs Hall.
ruthers). *Diplograptus folinceus var. aln.

Meallograptus  multh] Hoedo ‘ bamansis Rosdemann.

mnnn *Glossograptus ciliatos Emmons
Diceliograptos wollntensis war. | Leptograptus fluccidus,

alolamensls Rusdemann®™ | Nemngrraptus graecilis var soreo-
Dicollograptus mensurans Ruoede- laris Hall.

T Retiograptus geinfizinnos Hall, -
*Dieranograptus nicholsoni var, |

purvatgulatos Gurley.

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 live species prefixed by an asterisk (%)
oceur also in the Womble shale in Arkansas, with which the
Athens is aceordingly eorvelated.

Some of the species listed are of world-wide distribution, being
found in the northwestern part of the United States, in Fng-
land, in Scotland, and in Australia, thus proving that in Athens
time these remote parts of the earth were connected by wuter
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
undescribed.

URCONFORMITY AT HASE OF LITTLE OAK LIMESTONE

As ghown in the description of the Athens shale, the Little
Ouk limestone is unconformable npon the Lenoir limestone in
the northern part of Cahaba Valley. The true extent of this

" Finyes, C. W., . 8. Geol. Survey Geol Atlas, Kingston folic (No. 4),
1864,
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unconformity is unknown. It depends upon the age of the
Little Oak. If it is older than the Tellico sandstone the
unconformity is messured by the Holston marhle and Athens
ghale. If it is younger than the Sevier shale the uneonformity
i= messored by the Holston marble, Athens shale, Tellico
sandstone, und Sevier shale, which have a combined thickness
aof 7000 fect or more.

LITTLE OAK LIMESTONE

Name~The Little Oak limestone wias named from Little
Oak Ridge, a prominent festure 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 wargin of the Vandiver quadrangle. Immediately
north of Pellmm its outerop is repeated by fanlts, so that there
are three long, narrow areas of' it. The best exposure is on
the point of & prominent synelinal spur 1§ miles southwest
of Newhope chureh, just on the west side of the Vandiver
quadrangle, Tt is also well exposed in the Atlanta, Birming-
ham & Atlantic Ruilway cut 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, halt a mile southenst of Pelham, It thins out south-
ward from Pelham by loss of beds from the top, so that at the
northern wargin of the Montevallo quadrangle, to the south,
only the bottom 100 feet or =0 remaing, and farther south, about
1 mile southeast of Siluris, it wedges out, the Frog Mountain
sandstone, overlying the Little Oak to the north, being in
contuct 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
gandstone, In the Page Spring anticlinal aren, in the south-
eastern part of the Vandiver quadrangle, chert with Ordo-
vicinn fossils (Plectamboniles, Orthis {ricenaria?, and Plery-
gomelopus), mingled with chert with Mississippian  fossils
( Platyerinus), indicates the presence of limestone regarded as
probably Little Oak.

Character.~The Little Ouk limestone is composed of dark
line-grained thick-bedded cherty and earthy limestone. The
chert oceurs as irregular plates or nodules, arranged in definite
planes. A very churncteristic feature is the pattern taken by
the earthy impuritics on weathering, the exposed surfaces
of the limestone beds being covered by a network of gray
earthy ridges un inch or two wide, inclosing in their depressed
meshes putehes of elear blue limestone the largest of which
are the size of the hand, (See Pl. XVL) This character
ig especinlly 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
Pellam snd into the Montevallo quadsmngle the lower part of
the Little Ouk is partly made up of highly argillaceous layers,
which tend to break up into shaly débriz on weathering. It
probubly also includes luyers of shale. Some of the argilla-
ceons limestone is banded with pinkish layers. The character
of the lower part of the Little Oak suggests continuous deposi-
tion from the Athens, but as the Tellico sandstone of Ten-
nessee, the stratigmphic position of which is probably between
the Athens shale and the Little Oak limestone, is not repre-
gented in the region, the appearance is deceptive.

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

= Pelliam its thickness is not over 250 feet.
b Age and correlation.—The Little Oak limestone has yielded

& considerable number of fossils, and the general character of
the fiuna is indicated by the subjoined list.

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

Nidulikes ap. ¥
Hpcoplaoulibes sp. ¥
Chiristinnin noar C, trentonensis

Baofinesquina sp.
Strophomena n, sp. ¥
Ambonyehia ap ?

Tuodemnnn, Muoclurites sp.?
Chirdstion i, Inmslloss gp., proba- Tetranota ef. T. obsoleta,
Lly now, Twenty or more species of gnstro.

Orthis crassioosts Butts, Resemn-
Liles O pandoriona (Hall and

pods, ineloding specigs of Bue
canle and Trochonema.

Clrke) C orthambonites Hlasnus sp.t
Billings. Lialuast
Dalmnnolla faseloulata Hotts. Prorygpometopos sp. T
Thiree geners of ortholds  wug- Bphuerocoryphe sp.¥

gosting [halmanelln, Hobertel-
ln, snd Mancdem |

Plectamibonites noar P, plsum |
Eunédsmnnn.

Leperditia ovalis Butts.

The fauna of the Little Ouk limestone is unique and as yet
hos yielded but little information beyond the fact that it is
probably of lntest Lower Ordovician age. So far it has failed
to reveal o single species that is certainly identical with any
deseribed form. The Christiania and Plectambonites near P,
pigum closely resemble €. frendonensis and . piswm, respec-

tively, from the Ryzedorph 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 g8 the Alabama species. Orfhis
eramicosla agrees very closely with the figure and deseription
of the form described by Billings under the name Orthis
arthambonites (= 0. panderinna Hall and Clarke), 2 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 hos been traced northeastward
into northwestern Calhoun County, half a mile sonth of Reads,
where it is overlain by red shale known from its fossils to be
of Lowville age, This occurrence, in connection with its rela-
tions to the Lenoir limestone and Athens shale, definitely
fixes it= age as upper Chazy and younger than the typical
Chazy of New York., As it lies within the same stratigraphic
limits ns the Tellico sandstone and Sevier shale of the Knox-
ville vegion, Tennessee, it is regarded as equivalent to some
part of those formations, probably to part of the Sevier.

BIRMINGIIAM VALLEY
UNCONFURMITY AT NABE OF CHICKAMAUGA LIMESTONE

In Birmiuglmm Valley the Uhnpult&pw dolomite and the
Longview and Newala limestones are absent, so that the Chick-
amaugs limestone, including locally the Attlla conglomerate
member at the base, was deposited apon the eroded sorface of
the Copper Ridge dolomite.

CIMITKAMADGA LIMESTOXE

Name—"The name (:iliekﬂmuugzn limestone waz introduced
by Hayes'® from Chickamauga Creek, east of Chattanooga,
Tenn., along which the limestone is typieally developed.

Subdivigions.— In the Chickamauga of this area are ineloded
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, ut 4 few points between Birmingham and Bessemer,
slubs of o soft ferruginous and caleareous, highly fossiliferons
anndstone were collected at the top of the Chickamauga lime-
stone.  No exposures of this rock were seen, but there ean be
only u amall thickness and small patches of it, for in some
exposed sections it is not present. The fossils collected from
this sandstone are of Lorenine age. In northern Alabama the
Chickamanga limestone includes still younger beds, of Sequat-
chie (Richmond) nge, but those beds are absent in the Bessemer
and Vandiver quadrangles.

Distribution.—The main area of the Chickamauga is the
belt extending along the whole length of the west escarpment
of Red Mountain. There is n small wedge-shaped area on
West Iind Mountain, west of Bessemer, and a small area of the
basal red and purple beds, both shale and limestone, at
Interarban  Heights on the electric ruilroad about midway
between Birmingham and HBessewer. A single small exposure
wag =een ut the base of one of the small outliers of the Red
Mountain formation on Flint Ridge half s mile north of
Walnut Grove, in the SE. L sec. 14, T. 18 5, R. 4 W. Only
a thin layer of Chickamaunga limestone can be present here,
however. The basal mottled lnyers nre also exposed in the
street lending up to Mountin Terrace, Birmingham, where
they are in immediate contaet with the Copper Ridge dolomite;
and at Sloss No. | 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 Chicknmauga appear to be a constant
feature, for they have been observed from Foster Mountain, 15
miles northesst of Birmingham, to & point several miles south-
west of Hessemer,

Chavaeter,~The Chickamanga is mainly a limestone, the
layers of which range from an inch or two to 2 feet or more in
thickness, (See Pls. VI IX, and X.) Most of the mass is
medinm grained, but there are layers of lithographic texture.
Ag a rule the color i dove-gray or dark gray, hut locally the
basal layers are purple or mottled with purple. In some
places these layers ave highly argillaceous or even become a
slightly ealeareous and compact red shale or mud rock. Near
the top of the formation is u layer of voleanic ash or tuff about
2 feet thick.

The detailed section of the Chickamauga as exposed at
Mountain Terrace, in the northesst 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 oceurs locally # rock that
wenthers to the consistency of dry mud and that, in the
unwenthered condition, is probably a thin-layered ealecareous
mud rock. This rock, which may be called a shale, carries

10 Huyes, ©, W., Geol. Soc. Amerioa Bull,, vol. 2, p. 143, 1801 (paper read
at meeting of Decctuber, 1880); U. 5 Geol. Burvey Geol. Atlas, Chatta-
nooga folio (Na, €), 184,



Lingulas as much a8 1 inch long and half an inch broad. It
is exposed at the intersection of Fourteenth Street and Four-
teenth Avenue, South Birminghsm, 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-
glomerate, and above it 50 feet of purple mottled limestone.

Reebionof Chickamatga lmestond af Monntain Terrace, Birminghom, Al

Red Mountain formation.
Ublekamaugn lHmestone :
Beds of lower Trenton agoe (FL X): Foul
Limestone, thiek Invered, bloish, ﬂnul:rfryumlhna,
full of Mectambeonites curdspiliensis

Lihnostonn, thin Inyered | L F T
Limestons, thick In-yﬁmd_ e
Limestone, thin Inyered, finely -L'rysmﬂmu GO

patet, bloep shale partings_ . _______ B

Limestons, modiom thick bedded, cosrse and fine
gralued, compaoet, blufsh, eherty; blask chert
lnyers ns moeh gs 3 inehes thick; trilobites wnd
Fligtanboniterin bottom - ..o . d

Limestones, cobbly o nodular, argilincecous mateixg
fron fosxils, Conradelle, Bucande ..

Limiestons, evenly thinlayered - - . |

Voloands ash or tafl (bentonite) . .

Limnestone with large Plectambonites and Heter-
orthis elytde Hall; of basal Trenton age_. ...

Beds of upper Black River age:

Edimestone, medivm thick bedded, eherty, conrsely
erystalline, wenthers chalky, somewhat cobbly
or rough surfaced, dove-colored or bluish gray;
contidns  Orthis bricenarfa, Pianodemo (Dal
manelfo) subeguate, Carabecrinagg, Chiten. In
this division, too, on Twentieth Street Road 2
milos southwest of Mouninin Terree, Stroma-
tocerium rugoctm and Eclomaria prisea, two
goodd Black Hiver fossils; were eollected within
10 feot bolow the bentonite bed _____ . 1

L e s SRR e a1 - =
Beds of Lowyille age (PL IX):

Limestons, n old qoarry, thin bedded ... . 20t

Limestones, n old guarey, thick bedded. .. ... NI

Ldmestons, nodalnr or cobbly, fossils_ ... .. 1%

Unéonformity (Athens shale, Holston marble, Tellleo
sandstone. nnd typheal Sevier shale absent).
Hauls of Stones River age:

Limestono, thisk bedided..___. . ... . B

Limestone, ahaly, cobbly . . . &

Limestone, thiek beddod; many pastropods .. 352

Limestone, thick bedided; mottled purplish, basal
inyors .. ... e e e S S 1]

Clopper  Ridge ﬂnhmita Lrhi-.-k hcl.ll.h!ﬂ. -.I:Ju'ﬁ'lj' cherty

delomite). -‘I-ﬁ_
-

Yhickness,—The thickness of the Chickamaungn in the Bes-
semer quadmngle pmbnhlv does mot exceed 250 feet, but
exnet mensurement s difficult. The thickness differs from
place to place. The thickness above the bentonite bed is 50
feet at Mountain Terrace and apparently only about 10 feet on
Twentieth Street Road, Birmingham, Vaziations in thickness
would result from the unconformities within its mass. At
Birmingham a fadrly careful measurement gives 194 feet, as
ghown in the section above, but the hasal shale and the Attalla
chert conglomerate sire absent at the point where this section
was messured, In Tennessee beds included in the Chicka-
maugn in places aggregate a much greater thickness.

Attalla 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 pebhles, the
lnrgest of which are 4 or 5 inches in dismeter. It oceurs in
smull isolated aress, as in Birmingham, on Cemetery Ridge and
at the intersection of Fourteenth Street and Fourteenth Avenue
in South Highlands, where it has been exposed in grading a
street; near West End, in a conspicuons little knoll about 500
feet southeast of the Alabama Grear 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 surtice of the Copper
Ridge and Ketoua dolomites and in plices upon the edges of
their upturned and eroded heds. A mile or so south of Bir-
mingham n low knoll of the Attalla rests on the Conasaugn
limestone, Nowhere, o far as known, is the conglomernte
overluin by trocks older than Chickamanga. It is possible
that some areas of the Attalla were deposited in old eaves or
underground waterconrses in the dolowites 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 ia a bedded deposit dipping beneath the Chickamauga,

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

(T
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The rock is made op very largely of mther coarsely erystalline
montmorillonite with severnl per cent of orthoclase, less of mognetile,
quartz, snd biotite, and aceessory apatite and zircon. [t is without
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doubit an altered rhyolite tuff and is similar to the beotonites of the
western. United States. The montmorillonite is probably derived
from the glass of the original tail.

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 Chickamauga, (See Pl. XVIL) 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 Plectambonites curdsvillen-
sis, which oceurs above and below it. Close below it on
Mountain Terrace, however, are atill other fossils, a3 listed in
the section.  Plectambanites ourdsvillensis is a form peculiar to
the limestone in Kentocky known as the Curdsville limestone,
of bagal Trenton age.  The circamstances wonld seem to indi-
cate that the ash bed was deposited in Alabama in the eéarly
part of the Trenton epoch. Veoleanic ash in the same strati-
graphic relations is now known al points as far north as south-
ern Ohio und central Pennsylyvania, 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 oecur in
limestone of Chazy nge also, and in Alabama at Ragland such
beds have recently been discovered in the Little Oak limestone,
also of Chazy age.

Age and corvelation.—About the lower half of the Chicka-
mauga limestone in this area 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-
muugn.  The upper part of the formation in the knobs to the
southwest of Blount Mountain in the Birmingham quadrangle
and at Birmingham contwins 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 gections, p. 8.)

The fossils of the following lists, collected mainly in the
Birmingham quadrangle and identiied by Ulrieh, are the
basis of the statements made above:

Rafinesquing minnesotensis var,

N. H. Winghell,
Rafinesguing aff. I deltoiden

Corynoldoes o, sp,
Holonopors compaeta (Billings).
*Tatradium syringoporoides

L efeh, Clonrnd,
*Batostomn Nlann Salond, IEhynehotremn minnesotensis Sarda.
Bridoteypa ol B aeditis (Eieh- FOL
walidy, *Rhynehotrema plena (Hall),
*Erehnropora wf. E. ramoen *Cyrtodonta aff. O, billlogsl Uleieh,
Ulriok Bucania aff. B, lindsleyi Safford.
¥Eaoharoporn ol B brinreus Betomaria aff. B, dryope Billings,
Uleleh, *Helicotonin tenuesseensis Ulrleh

=Nirholsonelln pulehra Uleieh, anud Seofield.
*Poobyvdigtyn all. 1% robusta *Liospira progme (Billings).

Ulrel, *Liospird subeoneava Ulrich,
Prasoporanll, Pooeontigan Ulrieh. | *Lophespira perangolats (Hall),
Whynidiotya nicholsoni Dlrich. TLophospita bicineta (Hall),
Rhynldietva trentonensis Ulrleh. | Vanoxemis 2 sp.

Dalmanella aff. 1. hamburgoensis | *Salterella billingsi Salord.

(Waloott), I Aparchites trentonensis Ulrich,
Plunoddemn (Dalmanella) sub- Bythoevpris nfl. B. robasta Ulrich,

equati { Hull and Clarke). *lsochilina aff. I gregarin (Whit-

Inlmnnella aff, v testodinarin fiedd),

Conrad, " [uochiling aff. 1. otinwa (Jones),
Dinorthis afl. D, gormana (Win: | Krausella off. K. inegoalis Ulcich.

chall and Behuchert) Leporditia fabulites-pinguis Comrad,
*Hebertelln aff, H. bellaragoss Ulrich var.

(Conrad). *Leperditella inflafa Ulrich.

Orthis triconnria Conrmd. Bathyurus afl. B, extans (Hall},
P lgetambonites subearinntus Tsotelns maximus Locke?

Ulrich M3.® Isotelus afl. L gigas Dekay.
Rafinesqguinn incrassata (Hall), ;  *lllaenusaf. 1. consimilis Billings.
Hafinesquins aff, B alternata Plerygometopus aff. P, intermedios

[Eimons), {Waleott).

The fossils whose numes are preceded by an asterisk (%) are
known only from beds of Stones River age. Most of the
others are probahl ¥ distinet species whose nearest relatives ure
the described species named.  Ulrich recognizes, through these
fossils, representatives of the four lower formations of the
Stones River gronp, namely, in sscending order, the Mur-
freeshoro limestone, Pierce limestone, Ridley limestome, 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 Tenneszee and the
Little Ouk limestone of Cahaba Valley, aggregating as a max-
imum 6,000 to 5,000 feet of strata of late Chazy age, The
absence of these stratn makes a great unconformity between
the Btones River and Black River parts of the Chickamang
limestone of this area. The exact 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 VIIT and IX. The beds immediately above
this rubbly luyer are of Lowville age, but it is not yet proved
that the immodiately underlying limestone is of Stones River
nge, 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 npward appar-

ently high enough to include this limestone. The occurrence
of cornl reefs at this horizon, us shown in Plate VIII, way
indicate o break.

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

Sotonoporn ecompacta (Hillings). | Khynehotrems minnesotensis Sar-

Btromatoveriom rogosion el deson.

Camarcelndla rugosa ielelh. Rafinesgquins alternata Emumons

Totradinm eellolosam (Hall}, Rafinesquina incrassata Hall.

Cryprtophragmius autlquatus Cliftonia occidenializ= Butts
Ravimonds- Boatriels. greacilis | Strophomens ineurvata (filitexts)

Ulrieh MS. (Bhepard).
Anolotichin bopolita Ulrich. Vanuxemin erassa Uirieh?
Monoteypn mngna Uledel, Conradells sp.1

Phyllodletyn varin Ulricl,
Erelinropors confluenk Ulrich,
Orthis trloonnria Conend.
Ddmanella . 1, hamburgen-
win Waluoti.
Planodomn (Dalomnalla) sub-
equata (Hull snd Clarke),
Prinorthiles defleata (Coned),
Hlyynoloteemn plooa (Hall),

Eotomaria prisca (Billings)?
Ctenobolbing suberassa Tlriok.
Eurvehillnn sibradiata Ulrich.
Euryehilinn obesa Ulrich.
Hehmidtelln erasslinarginatn Tlrich,
Leperditells germana (Ulrich).
Bathyurns spiniger {Hall):
Bumnstus trentonensis Himmons,
Plerygometopns eallicephialos (Hall),

According to Uldch, Petradivm celluloswm, Cryplophrag-
mus anliguatus (Bealvicia gracilis), Escharopera confluens,
Phytlodiotya varia, Schmidlelle orassimarginata, Clenobolbina
suberassa, and Bathywrus spiniger nre known only in beds of
enrly Black River or Lowville age. The Cliffonia is a rave
representative of s fauna which uvsually is 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.

Dandroerinus sentidaciylus Bfil-  Bhynchotrema of B. incrcbescens

ings. {Hall).
Paohydictyn &ff. P. acuta (Hall). Plectambonites eardsvillensia

Rhilnldietya negleotn? Ulrial. Foerats,
Dinorthis aill. D, holstoni Eypospira recurvirostris {(Hall).
{Bailord). Isoteln: maximas Tocke.

Diinorthils peatinella { Bmmone) Enerinurns vannnlus Clarke.

Rafinvequins alternata ( Em

monE)

Plectamboniles curdsvillonsis, aecording to Ulrieh, is char-
ueteristic of beds of basal Trenton age in Kentucky and
elsewhiere. It ocears in the section at Mountain Terrace,
Birmingham. The same form associated with Dalmanella
testuclinaria is present in the topmost 8 feet of the Chicka-
mauga in the bottom of the Woodwird shaft in Shades Valley
B miles southeast of Bessemer, The Trenton part of the
Chickamnuga in the Bessemer quadeangle therefore corre-
sponds to only the buse of the Trenton elsewhere.

The slabs of soft ferruginons and caleaveons highly fossilifer-
ous sandstone collected at the top of the Chickamauga lime-
atone on Red Mountain, at a few points between Birmingham
ani Bessemer, contain the fossils listed helow, which were
identified by Ulrich. These fossils show this sandstone to be
of early Lorraine age und to correspond to the Eden shale of
Ohio and Kentacky. It is the sole representative of the
Cincinnatian series in the district.

Radinesquinn alrichi (James:,
Calymens enllicephala Gresn.
Dalmanella mualtiseoin (Meek). Isotwlus maximas Locke.

Dinorthis of, 1), retrorss (Salter), Lepidoeolens jamesi Hall and Whit-
Pholldops elnelnnationals Hall fleld.

Cornulites (Conehieolites) corra:
gatus | Xicholson]

USCONFOHRMITY AT TOF OF THE ORDOVITIAX

In Birmingham Valley there ig u great stratigraphic gap
between the Chicknmauga and the overlying Red Mountain
formation, amd in Cababa Valley between the Little Oak lime-
stone and the overlying Frog Mounntain sandstone. In Bir-
mingham Yalley all the rocks of Trenton age, except a few
foet of basal Trenton, and all the rocks of Cincinnatian age,
except loeally o few feet of early Lormine (Eden) age, are
absent, und in Cahaba Valley, in addition, the entire Silurian
aysten and all of the Devonian system below the Frog Moun-
tain sandstone are absent.,  In Ohio, New York, and Penn-
gylvanin, where rocks of these ages oceur, their aggregate
thickness is 5,000 feet,

SILURIAR SYSTEM

The Silurian systetn is represented in this area only by the
Red Mountain formation,

HED MOUXTAIN FORMATION

Neme.—The nume Red Mountain “group” of Toomey
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 Lave also been called Clinton forma-
tion nnd Rockwood formation. However, as the fossils show
that the part of the Rad 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 Medinu age, and s the rocks are litho-
logically similar throughont, o that it is not desirable to
separate them into two formations, Smith’s very appropriate
ntme Red Mountain formation is adopted for them.



Digtribution.—The formation crops ont along the crest of
Red Mountain and extends helow Shades Valley and the
Cahaba coal field eastward to the great Helena fault. This
area containg 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 IFFrog
Mountain sandstone, There arve small outliers of the formation
along the erest of Flint Ridge and a narrow strip in the fanlt
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 iz not known.

Character—The Red Monntain formation is composed of
sandstone, shale, iron ore, and a very little limestone. Samil-
stone is the largest constituent, The sandstone above the Big
geam of iron ore (Clinton part of the Red Mountain) is thick
bedded, fine grained, largely ferruginous, 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.
Une bed (Hickory Nut ore seam), however, carries abundant
Pentamerus oblongus.

The sandstone in the Medina part (below the Big seam)
oceurs 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 onterop 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 iz yellowish within. 'The shale throughout the Red
Mounntain is mostly 2 hardened laminated yellowish-green elay,
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.

Hootion af Red MWountain formoffon snd Chickomaugs lmestoneg on

Tarantieth Streel in Birmingham, on sttmmit of Red Mouwntain, at
sonthenest corner of sec. 6, T 18 8., K2 T

[The monsuraments of the part bolow the Big penm wérs modo with noroler on n aléan ¢xposin:]

Fart Payrne chort: i AT
Crhafnnooga bl e e 1
Bandstone, yellow, goarse, frinhle (Frog Mountain

A Y B ) el ey e e} 10

REed Mountain f'ormation
25, Shale, violet, purple, and gray, with sand-
atona layers 2 feet in maximnm thickness 4=
26, Mot exposed. Shale and sandstons with
Pentamerus rone (Hickory Nut seam) and

Ida geamof fvonove _____________ .. 4=
24. Band=tone, thick bedded, ferrugmcua_.__.__. 254
21 Iron ore (Big seam).. i 1 6
23, Bhale and sandstong witI.L pr&hl:-leu; e 24
21, Irom ore{Irondaleseam)y. .. .. o . o iz
20, Shale and thin sandstone layers. ..o ceuee.. 2
19, Shale mainly; thin sindstone lavers near
A =T s e e e e T 8
15, SBhale, full of thin sandstone lovers 4 inches
in maximom thickness . ____ - 4
17, Bhale mainly; a few thin sandstona layers __. a
16 Bhale and thin sandstone layvers 2 inches in
waximnm thickoess . . ... - 4
A LORR SR TE T 113 e e S st i e g o g
14, Ore, lean, fossiliferons, small guartz pelibles. 1

18, Handstone, lerrnginous, dark brown to blaok,

rogban, Torsiifferons o - . Co o Lo oo i G
12. - Bhale, yellow ..o .. e e T 2
11. Bandatone, ren'uginuun dﬁl'li hmwn rotten,
S o e e S e R R T e 2
A0 e rnllee e i
f. Bandstone, thick bedded, ferraginous, vellow;
wontlvrsTaddigh: . oo L o oo e b )
BoBhate veblow o e 1
7. HSandstone like "‘iu D____ N e 14
8. Sandstone, bonddery - - . . oo i - i
3 Bhale and thin snndstone .. - - 14
4. Not expozed; like No. b [km:-wn t‘rmll sncﬂun
on Mountain Terrnce, Birminghan_ . 204
HT S
Chickamongs limestone:
3. Limestone; Plectambonites curdsoiilensiz of
hasal A on Aoy e o - URD
. Voleanie ash (bentonite) . L 1 G

1 Limestone: Séromatoces .:'um fu;.ramm Feto-
maria grisce ¥ (of Black River age).

Sention of Red MWovntain formation near Sloss No. £ mine, af Bessemer
Fort Payne aliert.

Devonian (1) thin. *
Red Monntain formation: Fopt
12, Bandstona, thick bedded, ferraginons; red . ... 30
11 Bhaleand eaniRbomR. o e oS e e 41
1 Sandstone, thick bedded, ferruginons, red. .. ... 20
9. BShaleand sandstone. ... ... R a1
# Handstong Tall of Pmtamﬁrm [HI:*kar}r Nut
Ry o R e T
7. Orey Tda B-E'IIJEI" B APy g 4
. Sundstone, I':-rrug]lmna rn:rd erogs b Eﬂdf_d ________ o)
6 Cre, Big seam !
Ft. 'In
¥ Ope: boneh mited . M 1

Bandstone nnd shale, yellow-green . 3 1

T L L e R e e e e 2 &
Bandstone, highly ferroginous. 5 11
L R ani
4 Bhale and thin sandstone layers ... FURS
8. Bandstone, forroginous, dark Drown, rotten:
or o BT e e e eSS
2. Bhale and sandstone like No. 8 _______ . LIS
I Mot expozed, Wk Noc2 (80—~ - 2Bl
Chickamauga limestong.

240+

8

Section of Red Mowntain formation and Chickamanga Hmestone in bore
fiode af Woadwward shaft, &andles southoast of Beeseiier

(Hantifientions nod mensurcments by F A Udden, except the sectton of the Ohilckanmugn.
which was messured by tha anthoe]

Fort Pavne chert. Fi
Chattanooga shale: Shale, chocolate-colored. ... ... i
Red Mountain formation:
Limestone, mottled, argillaceons. . . . . ... 1
Sandstone, dark, arglllaceous . v e 1
Bhale. black, pyritiferons . - JE—— 4 7

Limestone, mottlad, um:l]aﬁenus in pimm fﬁrrugl

pons. 5 T I e T T oD 4
Shade, l.'m'y satuly iilum{[_ﬂlm !Pﬂ""lﬂ ST
Bandabeme; fermgmons. S tias ot Tt B
a1 R T e R
Sandstone. ferraginous ... 14! 2
Sandetone, very ealeareous; contains Penlamerus_ 1
Bhale, grayish. . smea serlbi £ 6
Ore, oo g ,;rume:l iE[II:.F atrml{a {'[:]q. mnn;]______ = B 10
Bandstone, argillaceons, reddish - . ... 16 @
Ore, Big seam; upper 8 feet 8 inches good ore._ ... 21
Shale, with sandstome layers . __________ . 87

Total thickness of Ked Monntain formntion.. . 283 7

Chicksnanga Hmestona:
Limestone, Plectambonites cupdseillensts (of Tren-

[ TATIE ) RO o S e, i e e e Lo T 3 0
Voleanio ash (bentonite) ... | H
Limestone, Plectaimbonites |"H—ﬂ£‘?ﬂﬂfﬂiaw. Hﬂ..iman

elfa testudinaria (of Tronton age) . e b=

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

The iron-ore heds 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 section on Twentieth Street
in Birmingham does not extend as far south as Bessemer. The
dark rotten fossiliferons sundstone, Nos. 11 to 13, persists and
is No. 3 of the section at the Sloss No. 1 mine at Bessemer.
The limestone in the npper 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 deseribed 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 ont
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 foandation on which
rests the industrial greatness of the Birmingham distriet. It
includes about 20 feet of ore and ferruginous sandstone, and

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 PL. 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 iz directly beneath the Peniamerus-
bearing bed; in other places it seems to he 15 to 20 feet
below that bed, possibly beeause Penfamerus is not plentiful
enough close above the lda seam at that place to have been
ohgerved.

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 olblongus are abundant
and which is strongly impregnated with iron oxide is com-
mouly called an iron ore under the name Hickory Nut seam,
suggested by the resemblance of the internal casts of the foesil
to the opening hull of a hickory nut. The bed, however, is
nowhere, so far ag the author knows, an iren ore, and the
name is therefore a misnomer.

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

CHATTANDOGA SHALE

Plactambonites curdsvillensis
SreVeleanic ash {bentanite)

i Flectambonites curdsvillenais
=l Damaneiia testudinaria

e
o ===

Bouldersand Ferruginous Hedlumgrade Good ore
conglomerate sandstoneand are

limestona

Fravne 3.—8ections of Red Mountain formation in the Bessemer- Vandiver area, showing the iron-ore seams

Iy Helen Bess mine and Mountain Terrmos, Birmingham ;- 2, Pwentloth Strest rowd, Birminghom ;& Spoalling mine, Graces Gap: 4, 2loss Xo. 1 mioe, Bessemar ; 5, Wosdward shalt, 3 miles
mdiilhidast of Dosseiuer

Trondale seam.—The Trondale seam is known as far south as
the southeast corner of see. 20, T. 15 5., R. 3 W. It is every-
where composed of thin layers of ore, shale, and ferruginous
sandstone and is 2 to 6 feet thick. It is separated from the
Big seam by about 2 feet of shale and thin ferrnginons sand-
stone layers full of discoid waterworn pebbles of limestone as
much as 6 or 8 inches in diameter. These lavers have been
geen from the Helen Bess mine, in the northeast environs of
Birmingham, southwest to the Ishkooda mine, in the SE. 1
gec, 20, T. 18 B, R. 3 W.. (See Pls. XV and XVIL)

Relations of the Trondale seam to the Big seam.—At Trondale
and vieinity the Irondale seam is separated from the Big seam
by as much as 28 feet of shale and sandstone.’*  In that viein-
ity the Irondale seam is capped by the limestone (“Jack

W Barchard, E. P, and Butts, Charles, Iron ores, foely, and fluxes of
the Birmingham district, Ala.: T. 8. Geol. Burvey Bull. 400, pl. 13, B, 1910,

seems subsequently to have been filled with sediment. This
subject is further considered in the chapter on geologic history,
and the ore beds are more fully deseribed under the heading
“Eeonomic 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 correet; 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
is 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 enst 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 conclusion
that the part below the Big seam of iron ore is of Meding 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:

Phatysirophin daytonensls Foorste,
Rhipidomells hybrida (Sowaertiy).
Hebnehertella subplons (Conrad),
*Stricklandinia triplesians Foersta.
Strophonelln striata (Hall,

Favosites venusios Hall
Enterolasma geometricuimn
{Foersta),
Zapliréntis Bilateralls Hall?
Clathropora frondosa Hall.
*Halopora fraglilis Hall Bueanella trilobata (Conrnd).
"Phaenoporn afl. 1" suslformia *Oyelonema daytonense Foorste.
Hall. Cyelonema -sp. undet,, eomimoon In
Chasmutopora (Phylloporinmg Brassfield of southern Ohifo,
angulitn (Hall), Ptormen of. P, andata (Hall),
*Rhinopora verruoosks (Hall), Tetranota of. T obsoletn Uleleh and
*Atrypa morginnlis (Dalmun). Behofield.
Coelospirn of, O plisatals (Hallh *lalymene vogdesl Foersta.
Camuarotoeahin neglecta (Hall). Prerypometopus of, 1, trisuleatus
Leptaenn rhomboidalis Wilekens, (Hally
Orthis flnballites Foorste.

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. Rhinopera verrncosa is, except possibly in a single
occurrence, i Medina fossil, snd Helopora fragilis is most com-
mon in beds of that age. As some of these diagnostic forms
oceur in the Irondale seam of ore, there ean be no reasonable
doubt of the Medina uge of the lower part of the Red Moun-
tain formation in this arvea,

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

In Alabama, ns in Pennsylvania and New York, three Clinton
faunas—a lower, a middle, and an apper—are distinguishable, But
it is not-at all eertain that they correspond in time to the divisions
recogunized in the northern States,

We may nccepl a8 established by favnal evidence that the reépre-
sentative of the Clintom in Alabama, beginning with the Big ore
seam, corresponds in general to the whele Clinton of Pennsylvania
and central New York.

All the Clinton fossils from vortheastern Alabama now in the
United States Notlonal Muscum, Hsted below, indicate only lowor
Clinton horizons :

"Monograptus clintonensis Hall | Rbynehonelln? janes Billings
Paseoolus sp. | *Pentamerns oblongus Buwerhy,
Cornulltes distans Hall, | *Pentameras ovalis Hall,
Pachydictyn of, 1. crassn Ulrich. | Stricklandinia of, 8. saltor] Billings.
Oirthis faballites voar. Foerste Stricklandinin of. 8. dafirmis Meck
Bllobites hiloba Linnkeue and Worthen,

=Platystrophia of. P, daytonen- | Stricklnodinia o sp,

gis Fowerste, Whitfieldella intermedia (Hall).
*Leptaena chomboldalls Wilek- Lipspira? sp. undet.
ene Phanerotoema ail. P, oceidens (Hall).

*Plectambonites of, P transver Strophiostylus (small specios).

salis ( Walilenlwrg). *Diaphorostoma of, I} niagarense
*Chonetes eornutus (Hnllk {Huall).
*Anoplotheea himisphorica

(Sowerby).

Of the 22 species in this list those marked with an asterisk (%)
ceeur also In lower Clinton deposits in New York, As compieed
with the lower Clinton fauna in the Appalachian Valley north of
Tennesses, this approximntely econtemporanecus Alabama  fauna
proves strikingly different, Two of the most reliable of the Clinton
guide fossils (Chonetes cornnius and Anoplotheea hemispherica) are
present ; and it is chiefly on their sceount that these deposits in
northeastern Alsbama are determined as of lower Clinton age.  The
horizon of Pentumerus oblongus may represent the horizon of the Wol-
eott limestone member or that of the somewhat older ** Reynules
limestone member of the lower Clinton of New York. Nevertheless
we miss (he extremely common Ostracoda, which are seldom il ever
wanting in northery lower Clinton faunas,

In Beil Mountain the Big ore seam is extremely rich in fossil
Bryozoa, and ns Bryozon aré rare elsewhere in the Clinton, this
ceenrrence In Alabama is of speeial interest becanse 16 wdds materi-
ally to our knowledge of the life of this epoch. At least ten genern
are represented: Fstulipora, Hallopora, FLioelemelle, Chasmatopora
{ Phylloporing), Helopora, Pilodiclye, Clthropore, Phaenopiri, Dachy:
dictya, and Lichepalie, 1f we were not sure that the bed s moek
older, these Bryogoy would immediately suggest the Rochestor or
Osgood epoch of the upper Olinton,  On the other hand they remiod
us nearly. as moceh of the lute Meding bryozoan funa, especinlly that
facies of it which is found in the underlying Rockwood of Teunessee,

The second or middle fossil zone in the Clinton of central Alsbama
is specially marked by Penfamerns oblongus and P, orvalis and by the
absence of the fossils associated with those species in the lower zone
in northeast Alabama, a8 deseribod above, This zone Is reprosented
by the ferruginous sandstone kuown as the Hickory Nut seam. The
Pontamerns 18 widely distributed in the sonthern Appalaehian Valley.
Apparently it marks a definite zone that is provisionally corvelataed
with the Woleott limestone of New York,

The upper B0 feet or more of the Red Mountain formation in een-
tral Alabama contains o fauna that is readily distinguished from that
of either of the underlying Clinton zones,  The following list ineludes
the most common species and such of the rarer forms as are valuable
for purposes of corvelation,

OF this list Feneatella of, P, elegans, Semicoseinium of, B, lenuicepy,
Atrypina disparilia, and Daelmanites lwadurus indicate  approximate
contemporaneity with the Bochester shale of New York, which is

Beisemer-Vandiver
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believed to be represented in the upper part of the typieal Clinton
of central New York.™

Faphrentis Dilaternlis Hallf
Procterin slabnmonse Butis, fuscintn (Hall),
Large columnals of erinold or | Plectmmbonites intermedin.

eyatid. Chonetes all. O, corputos Hall
Fonestelln of . I, elegans Hall, SAtricklandinia of, 8. deformis Meek
Sewieoseiniom ef. 8 tonnieeps and 'Worthen

Hall. Atrypa rotienlarts (Linuweus),
Ptilodiotya gladioln Billings, Atrvpina disparilis (Hall),
Stropheodonta corrugata Con- Bpirifor endintus (Sowerby).

raul? Dalmanites limoluros Green.
Orthizs flabellites Foorsto. Encrinurus sp. undet.

Orthostrophia (Orthis} of. O

CRNCONFORMITT AT THE TOF OF THE RED MOUNTAIN FORMATION

In Birmingham Valley the oldest formation present above
the Red Monntsin is the Frog Mountain sandstone, of Oris-
kany and Onondaga age. In Pennsylvania there intervenes
between the Clinton and the Oriskany 2,000 feet of rocks of
Cayugan and Helderbergian age. In Cababa Valley, where
the Frog Mountain sandstone rvests 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
abgent in Birmingham Valley. In other words, there are no
rocks in Cahaba Valley that represent the time necessary for
the deposition of nbout 6,000 feet of rocks in Pennsylvania.

DEVONIAN SYSTEM 156

The Devonian system is represented in this part of Ala-
bama by the Frog Mountain sandstone (which here is of
Oriskany and Onondaga age, a3 explained beyond) and per-
haps by the Chattunoogn shale, which is of either Upper
Devonian or early Carboniferons age.

FROG MOUNTALN SANDSTONK

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 lwnmth
the Fort Payne chert, or the Chattanooga shale.

Distribution.—The F rog Mountain sandstone is known in
this area only along the erest of Little Osk Mountain, in the
Vandiver quadrangle, and along Red Mountain, in the Bes-
semer quadrangle. It is exposed in Graces Gap and in the cut
at the Twentieth Street erossing 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-
gils have been found in it to prove its age. The Frog Moun-
tain sandstone is also exposed ina cut on the Southern Railway
half a mile east of Leeds and in a gap throngh Little Oak
Mountain, 4 miles sonuth of Leeds, in the NE. teec. 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 frinble 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
pebblez. In Clear Branch Gap it 18 a hard quoartzite. The
following sections show the character of the Frog Mountain:

Beclion in Cakabu Valley, half o mile enst of Leeds and § miles north of
the Vandicer quadrangls

Fort Payne chert, Faoat
Chattanoogn shade (purple) . e A .

Frog Mountain sandstone: e,
Sandstone, hiard, brown [mh‘uly e e Bt oy o e |
Bandstone, soft, green. S T e RO B i R
Sandstong, bLrown, *hurty . Ay SRR R e

Cluslky rock, with fossils {Uh-trhrhr:l. thin layer.

“Bandstons, brown, ehérty oo oo o 1

Not sxposad (eendstonaly ... oo . 101
Total ihickness of Frog Mountain sandstone. . 20

Little Dak limestons

Ssction aboul § miles southioest of Levds, near the boundary belwween the
Vandiver and Rirmingham guadrangles

Feot

Chert (Fort Payne). . R A e e e L . !

Conesnled 1Lhul:nrmugu llluhﬂ} R Mt o e 8 iy 2 it Al
Frog Mountain saudstone

Sandstone, quartzitle, with pobbles and fsh bones. 10

Not exposed, probably sandetone . ... .. ... . ........ 1D

Limnestons (Little Oak),

Seatban at Claar Brapch Gap, & miles souih of Bessemaor

Fort Pavne chert, i .
Chattanooga alinls:
Clnyey lnyer stalnod Weck U
Clay, green.. .. 1

Frog Mountain sandstone: Qlturuhr- distinetive Oris.

kany fossils (poe Bist), .o ... . i
Froz Monntain sandstone (1): Em:dnmu.. cmrm. wel-

Jow, of Oriskany or Clinton ngo ... 104

Thicknezs—As shown by the sections the Frog Mountain
gandstone is from 6 inches to 20 feet thick in thiz area.

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

18 Par the latast views on the stratigraphy and correlation of the Clinton
goo the volume on the Silurian of Maryland (Maryland Goeol. Survey, 108,

el a fortheoming paper the author of this folio will pome the spnd -
gtone of Oriskany age in Red Mountain the Clear Braneh sandstone, the
name Frog Monntalu will be restricted to the sandstone of Onondagn sgo
in Cababa Yalley, amd the sandstone of Hamilton age as deseribed herein,
which is not present in these qundrangles, will be named the Ragland
sandstone. ‘Thers changes wero adojited after this folio wae in page proof,

the sandstone oceupying 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
ig based are stated below.

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

*Hipparionix proximus Van. *Anoplotheca flabellites (Conrad),
T X, *Entooin peenlinris {Conrad).
*Bpirifer tribalis Hall *Meristolln lata (Hall),

The following forms were collected from the west side of
Birmingham Valley, on the Alabama Gireat Southern Railroad,
2 miles west of Vance and about 16 miles southwest of Clear
Brunch 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.

Biropheodontu sp. undet,

Laptostrophis sp. undet. Spirlfor sp. undet,

*Laoptostrophin of, L. oriskanin | Anoplothecs flabellites (Conrad),
Clarke. Beyrloliln sp, ondet,

* Anoplisn nueleatn (Hall),

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

The species marked with an ssterisk (*) constitute a distinetly
Oriskany fauna, and there ean be no reasonable doubt that
the rocks from which they were abtained are of Oriskany age,
notwithstanding the fact that Anoplotheca fabellites, Anoplia
nueleata, and Eatonia peeuliaris also mnge into beds of Onon-
daga age. The 6 inches of sandstone currying the fauna of the
first list is, however, the only representative of the Oriskany
known in this ares. The Frog Mountain of the Little Oak
Mouuntain strip is of Middle Devoninn age, us shown by the
succeeding discussion.  No fossils have been obtained from the
Frog Mountain sandstone along Little Oak Mountain in this
ares, but on the same ridge and same outerop a quarter of a
mile east of Leeds and 31 miles north of the Vandiver quad-
rungle Chonefes mueronafus is common, In the Watking eut
of the Seaboard Air Line Railway through the same ridge 1
mile enst of Odenville and 14 miles northenst of Leeds the
Frog Mountain section is as follows :

Hplrifer of. 8, submueronntus Hall,

Seafion I mile vast of (xlenvills

Fort 'nyne chart: Fuat
e e e L L P S A B e R el
Chnttanoogn shale:

8 Bhule, green and purplby . il iccnnsia s e 14
Frog Mountain sandsatone:
7. Bandstone, rather conrss grained, In lnyors o8 moch
as1 foot thick - AR
i, Partly exposed: some .uhult- Ih.uwlng and probably
PR L e i, A S e 8

& Bandstone, thick bedded, fine gralned; soms lavers
#0 cnlearcons as to bo classod nx snndy Hmestone. 20

B N T o o oot ik st s e i e 1
Ordovician, of Lowville l.m: {N:
#. Bandstone, thick bedded, vowrso gradoed .. 5

Orlovieinn, of Lowville age;
2. Limestone, magnesinn, llm]r: conlnine Tetredium
celletfosum .. ... e g F
1. Shale; mainly red, i'il-ll i nm- h}run ul‘ PORrE:
sandstons

From the middle of bed No. 5 of the above section were
collected Anoplotheca acutiplicata, Chonetes muerematus, and
Chonostrophia reversa.  Abont 8 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 nndeseribed, and Loronema of. 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-
leeted 6 to 8 feet below the Chattunooga shale: Tropidoleplus
carinatus, Lozonema of. L. delphicola, and a fragment of the
living chamber of a cephalopod which agrees fully with Ortho-
ceras erotelum, although the specimen is slightly compressed.
Eleven miles to the northeast, at Greensport, where Coosa
River euts throngh the same ridge, here named Beaver Creek
Mountain, the Frog Mountain is lacking and the Chattanooga
shale rests divectly 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 Ouk and Beaver Creek
mountaing eited in the preceding paragmphs, Chonetes muero-
natus ranges through the Onondsga snd Mareellus into the
Hamilton. It is cited as 0 common species from both the
Columbus and Delaware limestones of Ohio, the former of
Onondaga and the latter of Hamilton and Mareellus age.
Chonostrophia reversa is u common form ocenrring in the
Delaware limestone only und thus known elsewhere only in
beds regarded as of Hamilton age. Tropidoleptus carinatus
ig o common Hamilton form, which is also cited by Schu-
chert from the Marcellus shale and which wnges into Upper
Devonian formations but has pever, o 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 Loronema delphicola,
It = & common Hamilton form of New York and ranges
up into the lower part of the Mississippian series. The Cypri-
eardella and Paleaneilo ave distinetly Hamilton or later types.
Orthoceras erotalum is also cited by Hall enly from the Ham-
ilton. The only other form that elsewhere seems known. from
the Onondaga is Anoplotheca aculiplicata.

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 IFrog Mountain and speci-
mens were seen still lower, it is certain that the formation
along Little Ouk Mountain includes no component of Oriskany
age. The ease 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 11 miles sonth-southwest of Ragland, which is 7
miles southeast of Cox Gap on Beaver Creek Mountain,
deseribed in a preceding paragraph, and about 35 miles north-
east of Birmingham. In an abandoned quarvy southeast of
Ragland the section exposed is as follows:

Seeffon in quarry southeast of Raogland

Fort Payne chert: Feat
BiChert: ool Tt
Frog Mountain sandstone:
b Bandstone, thick bedded; some layvers conrse grained,
others fine grained, with nodular chertlike bands,

Ll e e s el o s T

probably originally caleareons ... oo ooen e, 49
4. Sandetone, ferroginoms, brown, rotten, originally
calearsous, highly fossillforons. - .. ..~ H
8. Bandstone, fine grained, modular . _. 14
Shale, argillaevons, dark .. .. 4
2. Limastone, coarsely orvstalline, dark, fossiliferous,
R e e e bt T o e

Great uneonformity.
Little Onk lHmestone:
L. Limestone to bottom of guarry, thick bedded, gray
to dark, ribbony or banded on weathering, fossil-
iferons ’ = e e [T

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 ave associated with brachiopods,
bryozoans, and trilobites. Bed 2 also earries an abundanee of
corals, 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 corale have not yet been carefully identified specifically,
but it is apparent at a glunce 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 Favosites, and species of
Cladopora.  Associated with these corals in the same layers are
Coseinium eribriformis, Cystodictya gilberti?, Taeniopora exigua,
species of Fenestella, Stropheodonta perplana, Chonetes coronatus,
C. mucronatus, Spivifer audaculus, 8. divaricate, Anoplotheca
avutiplicala ?, Tropidoleptus carinatus, Avieulopeclen princeps,
Aetinopleria decussata, Tentaculites sealariformis, Ovihoceras
erolalum, and Phavops rana. These fossils, occurring in the
very bottom of the Frog Mountain sandstone at the Ragland
locality, zive 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
iz contlicting, The corals alone suggest only Onondaga, but
even their testimony is not entirely on the side of the Onon-
daga. For example, apparently both Blothroplyllum decorticala
and 5. einetulum oceur, the first an Onondaga and the second
a Hamilton form. Doubiless 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
eribriformiz, Tropidoleptus  carvinalug, Choneles  coronatus,
Aetinopteria decussafa, and Orthoceras erolabum are common
Hamilton forms and are not reported from the Onondaga,
although 7\ earinnlus occurs 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 dlong a ridge passing about 2 miles west of Piedmont,
Cathoun 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 referved 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 striuted 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
eollection of free specimens of silicified fossils has been obtained
and is now in the U. 8. National Musenm. The collection
includes, besides 8 number of well-preserved corals, Alrypa
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reticuluris, Spivifera duodenaria, Paracyelas elliptica, Plewro-
tomarie capillaria, and Lozonema of. L. delphicola. This
fauna is Middle Devonian and entirely post-Oriskany. Here
too the testimony is eonflieting 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 1 Paracyelas elliptica oceurs in both Onon-
daga and Hamilton; Pleurotomaria capillaria and Lozonema
delplicoln seent to be confined to the Hamilion. Owing to
lack of precise deseription 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 11 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 locality, and between Duke and
Reads, in the northwestern part of Calboun County. On a
knol about midway between Duke and Reads and east of the
Louisville & Nashville Railroad is a great quantity of very
coarse grained friable sandstone carvying Spirifer macrothyris
and a large eyathophylloid coral identified as Aulacophyllum
ungulvidenm. 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

Seelion on Nrog Meuwntlain

Floyd shale; Foat
4. Bhale, dark, with Adrekimedoy,
Frog Monotain sandstone:
i Handstone, cosrse, red and fossiliferons at  top
(Spirifer macrothyriz and Amphigenie curta ), 1504
2. Bandy. ealtareous (magnesian?), and eherty heds
with ronnded quartz grains seattered through
mingnesion Hmestone, the quarts grains inoreas-
ing toward the bottom Fossiliferous aherty-
lnoking rock at bottom containing  Chonefes
o el T G DS S S SRS S | |
Tneonformity,
Limestone of Beekmantown age, probably Newala:
1. Limestone, flne gradoed, with Cryptozoa and
mistropods

In the course red sandstone at or near the top of No. 3 of
the above section an Amphigenia, apparvently A. eurta, a shell
suggesting Stropheodonta  perplana, Spirvifer divaricatus, and
Spivifer macrothyris oceur 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 deseribed above, with its distinctly Hamilton elements,
has been found at Frog Mountain. As Spirifer maerothyris
and representatives of the genus Amphigenia, occurring at the
top of Frog Mountain at its type locality, are not recorded
from beds younger than Onondaga, and as Choneles muero-
natug, 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 mueronutug a8 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 exiends 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 macrothyris oceurs 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 Rhipidomellu
musenlosa, Stropheodonta  wmagwifica, Choneles  hudsonieus,
Anoplic  nucleolata, Mevistella vostellata, Spivifer (ribulis,
and Platystoma veniricosa, all of Oriskany age, have been
collected. A collection of silicified fossils from Catoosa
County, Ga., 40 miles north of Rome, containg Eafonia pecu-
liaris and a Spirifer of the type of 8. murekisoni or 8. angu-
laris. Both species of Spirifer are Oriskany forms, and the
Eatonia, although recovded ravely 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 oeccurrence of a small
thickness of Oriskany 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 localities 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

thut of Little Oak Mountain, as at Leeds and extending south-
wird into the Bessemer and Vandiver quadrangles, is appar-
ently all of Onondaga age, but in the region between Frog
Mountain and ILeeds, 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.

THCONFORMITY AT TOF OF FROG MOUNTAIN SANDSETONE

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
i# classified in the earlier reports, the unconformity in this area
represents no more than the Marcellus, Hamilton, and Tully
formations; if if represents some still younger part of the
Upper Devonian the unconformity is corvespondingly ereater;
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.

DEVONIAN OR CARBONIFEROUS SYSTEM

CHATTANOOGA SHALE

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
Payné chert.

Characler 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 cut on the Louisville & Nash-
ville Railroad on Red Mountain, near the Twentieth Sireet
crossing, just southeast of Birmingham, the Chattanooga con-
gists of about 4 inches of green clay above and 12 inghes 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 Cahaha
Vulley south of Leeds, 3 miles north of the Vandiver quad-
rangle.  (See section on p. 9.)

Thickness.—In the Bessemer-Vandiver area the Chattanooga
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

ayne epoch.  Within this time a waximum 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
Mississippian 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, Lingule melie and
Orliculvidea newbervyi, two fossils of the Sunbury shale of
Ohio, and at other places, particularly north of Huntsville,
Ala., a large number of species of conodonts characteristic
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 ean hardly be distinguished from that species occurs also
in the Ohio shale in Kentucky, below the Sunbury, and the
(Uhio 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 Illineis and Indiana, which is also
believed to full within the limits of the Ohio shale, The Ohio
shale is classified as Devonian by the United States (ieological
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 Barroiselle in its upper part, that part
is regarded as Mississippian by Ulrich, who believes that the

Geol. Boc. Ameries Bull, vol. 2, p. 142, 1801,
1% Butte, Charles, T1, 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.

OTRCONFORMITY AT TOP OF THE CHATTANDOGA SHALE

As already shown, there is throughout 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 Chattanooga. 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.

CARBONIFEROUR SYSTEM

MISSISSIFFLIAN SERIES

The Mississippian series in this area includes the Fort Payne
chert, the Warsaw limestone, the Gasper formation, the Hartselle
sandstone (az 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 iz in the Missis-
gippi and Ohio valleys. Section 1 in figure 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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Fiaure 4.—sections illustrating the snccession and relation of the Missis-

sippian formations of Alabana and adjacent region

1, Generallzed section for westérn Kéntueky and southern nols: 8 seotlon ot Dlount Springs,
in thesouth snd of Bequatchie Valley ; 8, seotion negrr Trondiske, Aln,, lower part froag drill
hate ) d, section of Woodward shafe, 8 ndles soutleast of Bessomer: 5, secbion for cost siile of

Cahaba Villoy
LOWER FORMATIONS
FORT PAYNE 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. Bmith, State
geologist of Alabama. TIn Hayes's original usage the Fort
Payne ineluded all the limestone and chert between the Hart-
selle sandstone or Floyd shale and the Chattanooga shale. 1t
thus included whatever equivalents of the Tuseumbia 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 pateh, a fault block, o mile

Bessomer-Yandivor
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southwest of Wylam. The formation crops out along the east
Hanks of Red Mountain, its bottom reaching high up on the east
slope or to the crest.  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 erops out along the crest 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 sepurated by thin partings of shale. Some of the layers
are very cven 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 ig 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 dismond-drill borings. Some of the chert in such
material appears ag irregular inclusions in limestone, but this
chert is full of erystals of caleite accovding 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 arve included 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 correlativn—Ixtensive 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 novemericana, and Spiviferina subelliptica indieate 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 ecan 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:

Produoetns afl. P. semiroticnlatus
Martin.

Camarotoechin muotata (Hall).

Reticularia off. K. setigera (Hall),

dpirifer aff, 8, forbesi Norwood and
Pratten.

Lingula aff. I tighti Herrlek.
Hhipidomella oweni Hall and
Clarke.
Rhipidemelin af. R
(White),

Ohonetes  aff. ¢ genioulatos

thiemei

White, Bpirifer inerebescens TTallf
Chonetes aff. O, illinoisensis | Spirifer keokok Hall,
Worthen. Bpirifer-afl, 8. logani Hall,

Spirifer leidvi Norwood and Pratten.
Bpirifer rostallatns Hall.

Spiviferélia afl, 8, noglecta {Hall).
Bpiriferina afl. 8. depressa Herrick.
Bpirifering suballipticn (MeChesney).
Byringothyrig nff, 8. earteri (Hall),
Ambaocoalin? afl. A, lavienla Rowlay.

Chonetes afl. O, logani Norwood
nnd Pratten,
Chonetes aff. O,

mard,
Chonetes  planumbonns

and Warthan,
Prodoetelln aff. P. coneentrica

ornattns: 2hu-

Meek

(Hally. Cyrtina afl. €. burlingtonensis Row-
Productallan aff. P. pyxidata lew,
Hall. Dielthyris novamexieans (Miller):

Athyrie Inmellosa (L Eveilles),
Cliothyridina hirauta (Hall).
Oliothyridina snblomelloga (Hally,
Eumetrin verneuilinna (Hall),

FProduatelln spinulicosta (Hall).
Produatelba ap.

Pustula biserinta (Hall)?
Puostula aff. P, blairi {Miller).

Pustula aff. P seabricala | Allorisma eonsanguinntum Herriek,

(Alartin. Deltopecten afl. I batesvillensis
Pustnla aff. P. wallaciana (Iher- GFirty,

by, Acnnthopecton! aff, A, colorndoen-
Productus ‘aflf. . barlingtonen: sis Newberry,

sis Hall. Avieulipecten aff, A. oblongus Meek

and Waorthen,

Conocardinm afl. C, prattenianum
Hall.

| Uypricardiniaafl, C. seitula Herrick,

FProdoctus afl, 17, ovatos Hall,

Productus aff. I'. moeszialis Hall.

Productus afl. P. parvus Meek
nand Worthen,

WARSAW LIMESTONE

Name and correlation—The Warsaw limestone, named by
Hall from Warsaw, Ill., has only recently been digcriminated
in Alabama, although it is a constituent of the Tuscumbia
limestone of the Alabama Geological Survey, which oceurs in
northwestern Alabama and in Little Wills Valley in north-
eagtern Alabama. In Little Wille Valley the Tuscumbia
was formerly included by the United States Geologieal Survey
in the Fort Payne chert. The Warsaw wag 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 eust 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 quarey, 2 miles north of Trussville, which is the
hest development and exposure in the region. . (See Pl. XX.)
The formation is also well exposed at Blount Springs, Ala., in
the new railroad cut.  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 guarry.

Age and corvelation.—The Warsaw of northern Kentucky
and that of southern Indiana are sutisfactorily correlated with
the Warsaw of the type locality. From northern Kentucky
the formation can be traced continuonsly 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 hiave been identified by the writer from the localities in
Shades Valley, from Vann's to Morgan:

Camarotoschia mutata (Hall).
Cliothyriding hirsuta Hall,
Dislasma formoesum (Hall)
Bpirifor lateralis Hall.
Spirifer bifurcatus Hall,
spiriferella neglecta ( Hall).

Batoerinns gp.t

Pentremites conoidens Hall,

Platyerinus boonvillensis Millert

Talaroerinus simplex (Shumard).

Dichotrypa Iyroides Ulrich,

Brachvthyris subeardiformis

(Hall).

This assemblage of fossils is one not known elsewhere out-

side of the Warsaw and may be accepted ag conclusive evidence

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

In this area the Warsaw limestone is suceeeded 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 GROUT
SUBDIVISIONS

The Gasper formation, Hartselle sandstone as here restricted,
Bangor limestone as here restricted, Floyd shale, and in part
at leanst the Parkwood formation fall within the limits of the
Chester group, named from Chester, 111, 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-
angle have been ealled “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 Alabuma of the formations of the typieal Chester group of
the Mississippi Valley region.

GASPER FORMATION

Name—The Gasper formation, which in this area succends
the Warsaw limestone, was named for its exposures on Gasper
River, in Warren County, Ky. Its normal position within the
Chester group is hetween 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 Giasper formation
is overlain by the Hartselle sandstone as rvestricted (equivalent
to the Hardinsburg sandstone of the Mississippi Valley section)
and is underlain by the Warsaw limestone; the Spergen, St.
Louizg, and Ste. Genevieve limestones, which normall y intervene
between the Bethel and the Warsaw, nre 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 Goleconda
formation, (See Pls. XIX and XX.)

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

' Hayes, U, W., Report on the geology of northeastern Alabama and
adjiecent portions of Georgia and Tennessee: Alabama Geol. Survey Bull.

4. p. 83, 1862,



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

Distributivn.—The Guasper formation persists throughout
the Birmingham quadrangle, to the north, where it was
ineluded 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 thinsz ont
and the Gasper merges with the general body of the Floyd
shale, of which it forms the basal part. It is partly exposed
in Giraces 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.

Character—In Red Gap, where only the upper half or go
of the Gasper formation is exposed, it is u 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 ferruginons limestone. Below the shale is T
feet of volite of Gagper 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
micaceons 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
tossils of Chester age.

Thiokness.—In the exposures at Blount Springs the Gasper
formation ig 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
Giap it is given as 7 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 Penlremiles, one appurently
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 Kentueky and southern Illinois. At Vann's quarry
Yalaroerinus, a characteristic Gasper fossil of Alabama, occurs
in the oolite at the bottom, mentioned above.

The Gasper formation 2 to 5 miles north of Trussville las
yielded a few fossil plants, identified by David White, which
are listed below:

Anpemites ap. | Lepidocystis.
Cephalotheen n. &p. | Sphenoptoris moravien (Bttingshan-
Lepidodendron of. L. volkmann- gt
innum Sternberg. Taeniocradin? sp.
Lipidophyllum o 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
Ciap and a short distance west of Trussville in the Birmingham
quadrangle ave listed below as identified by . H. Girty:

Archimedes invaginatos Ulrich. Caneyelln wapanuckensis Girty?

Dinphragimus elogan: (Norwood | Leda vasevana (MeChesney).

nnd Pratten). Gastricceras sg.

Leiorhynchos sp. (Lo lawra or L, | Goniatites afl. . kentuckvensis

earboilforam?) {Miller).

Allorisma  alf. AL consanguing- | Ostrocods undetermined.
tum Herriek.

Caneyello is a form known elsewhere apparently only in
Arkansas and Oklahoms, where it oceurs in the Caney and
Moorefield shales,

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

HARTSRLLE SANDSTONE (RESTRICTRIN

Nime—~The Hartselle sandstone was named by ¥. A. SBmith
from Hartgelle, Ala., which i= loeated 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 iz a definite and widely
distributed lithologic unit, the bottom of which erops ont 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 vedefined the formation oceupies 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 mnorthwestern
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 Goleonda and
Cypress ave absent go far as known, and the Hariselle sand-
stone rests on the Gasper formation,

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

The Hartselle sandstone is one of the most persistent strati-
graphic 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 vesistant charscter 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 zandstone and the Gasper forma-
tion in Watkins 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 vieinity of Irondale, as inter-
preted by the drillers, is 117 feet. (See fig. 4, section 3.)
The sandstone gradually diminishes in thickness southward 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 oceupies
the stratigraphic position of the Hardinsburg sandstone of
Ilinois and Kentueky and ig correlated with that formation,

HANGOR LIMESTORE (RESTRIGTED)

Name.—The Bangor limestone ag redefined and restricted is
named from Bangor, Ala, in the Birmingham qguadrangle,
near which it is typically developed and fully exposed. It
includes the limestone between the nnderlying Hartselle sand-
stone und the overlying Pennington shale, or, as in Bhades
Valley bhetween the Hartselle and an overlying tongue of
Floyd shale, as explained in the description of the Floyd.

The name Bangor limestone was intvoduced at approximately
the same time by Hayes, of the United States Cieological Sur-
vey, and by Smith, the State geologist of Alabama. Unfor-
tunately the name has never been previsely delined nor
congistently applied. The following quotation reveals just
what strata Hayes '? intended the term to inelude.

The upper member of the sub-Carboniferons or Mississippian group
eonsists in the main of pure blue limestone, Its preatest develop-
menk is io the western division of the arvea, where it rests directly
apon the Oxmoor [Hartselle] sandstone ; or, where that is wanting,
as gt Stephenson, Ala  -the limestone extends without Dreak down
to the Fort Payne chert. .

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

Smith ineluded in the Bangor in the Tennessee Valley in
porthwestern Alabama all the limestone and sandstone below
the *“(oal Measnres™ (Pottsville formation) and above the top
of the siliceous (cherty) limestone, probably there correspond-
ing to the top of the St. Louis limestone. Smith thus
included in the Bangor the Ste. (enevieve 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 restriet the
name to the limestone unit typically developed at Bangor, which
averlies 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,”#0

L Hayes, O W, op. cit, b 48,
50 Alabama Greal. Snrvey Special Pob. 14, 1026,

Distribution—The Bangor limestone in this avea crops out
only in the northern part of Shades Valley immediately east of
Sund Ridge, where it oceupies 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 Bhades Valley east of Bessemer.

Claracter.—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 erowded with fossils. In Shades Valley,
where it is not exposed in outerop, its character is reported in
the logs of borings as follows:

Log of boréng e the NE. + 8E, & sec, 20, 1. 87 8., B. 2 W., in Shader Valtey
about jt miles northeast of Rosedale

Feud
w0 gt B, 1 B oo, S, T 8
T R L g I b L T e ]
Limestone, hard (top of Bangor) .. e e S S 1)
LFTRIVES U8 4 g e e et N Yy e e et e ] ¢
L e i L Rl S i
Timesibome . e DY
Tl imestones Tard oo s e e e s 175
Clay (base of BENEDE) . e o e e e e Fil
Sandstone (Hartaelle) . .. 115

Laog of boring abowt half a mile southeast of Graces Gap

Faet
A e b e A S e e 3
Limestone, blue (top of Bangor). oo oo oo A8
Limestone, blue, stratified .. 8%
e T e e L e s e T S [ S Ee M
Limestone, gray (base of Bangor) ... . ... ... 48
Sandetone (mostly), Hartselle o P i H

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
fucies described below.

In the vicinity of Bangor a clay or dark shale that hasa
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, 14 miles east
of’ Bangor, where the sandstone is 5 feet thick.

Lhickness,—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 ig absent, ag shown by the shafi
alvendy mentioned and borings to the bed of iron ore.

Age and corvelation.—The age and corrvelation of the Bangor
limestone ave explained in connection with the age and corre-

lation of the Floyd shale.

FLOYD SHATLKE

Name,—The name Floyd shale was introduced by Hayes for
a thick mass of rock typically developed in Floyd County,
(3., 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
iz 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.

Distribufion.—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 dips 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 aren the beds are intensely
ernmpled and apparently somewhat broadly and irvegularly
folded, so that the formation, though probably not over 1,200
feet thick, spreads over an area 6 to 7 miles wide in a highly
inclined attitude.

Character.—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, 5 miles southeast of
Bessemer, 140 feet above the highway, there is a lens of



coarsely erystalline 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 Wosdiverd shaft 3§ miles southeast
af- Besgemer, Ala.

Floyd shale: Foik
Randstone, shale, and somé lmestons 63

A e e e S e — 160
Limestone, argillaceons e o — )
Shnle, grayish i e i .. a2
SBandstone, shaly = - [
Bhale, grayiah . — = = — —
Limestons, argillaceons . g

LA e e s e irven ol
Limestone, argillnceous . ... — 2
Shale, dark s O WS U — 176
B0

Warsaw limestone. ... Ta
Fort Payne chert. . B I S ")

The absence of the Bangor limestone and Hartselle sand-
stone as distinet units in this locality is demonstrated by this
gection.

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 abount 1,045
feet. In a boring on Shades Creek, 21 miles southwest of
Oxmoor; in the NE. L sec. 8, T. 19 3, 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 exceed 1,100 or 1,200 feet, although
owing to the crumpling the formation is highly inclined and
its outerop is 7 miles wide.

Belations 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 vestricted. At (hxmoor or a
little to the south; in the Bessemer guadrangle, the correspond-
ing interval is 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 Hariselle sandstone, showing that in the vicin-
ity of Trondale 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 IMartselle
sandstone seems fully established by their stratigraphic and
geographic relations just described.

Age and ecovrelation of Floyd shale and Bangor limestone.—
The Floyd shale and Bangor limestone as here vestricted carry
an abundant fauna of Chester species identified by (. 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 Mo L

Pentremites podoni DeFrance. Pustnla punetatus (Marting.

Pentremites pyramidatus Ulrich. | Retienlaria getigera (Hall),

(Added by Butts) Spirifer afl. 8. eameratus Morton.
Prismopora serroalata Ulrich. Bpirifer inerebescens Hall.

{(Added by Butts) Epirifer leidyi Norwoid and Pratten,
Archimedes eommunis Olrich. Bpiriforinn =pinosa Novwood and
Archimedes meekanus Ulrich, Pratien.

Archimedes swallovanus Ulrieh, Bpirifering transversy MoChesney,

Archimedes terobriformis Ulrich. | Avienlopectenehesterensis Worthen,

Chonetes aff. illinoisengis Wor. | Aviculopecten aff, A. coxanus Meok

then=0. chestercngis Weallee? and Worthen,

(Question by Butis) Avienlopecten hardinensis Worthen,
Olisthyridina sublamellosw Caneyelln wapanuckensis Girty.

{Hall), Deltopeetan opeidentaliz (Shumard).

Chothyridina hirsuta (Hall)? Edmondin aff. B, glabra Meak.
Composita subgoadenta (Hall). | Ll nasuea Hall?

Diaphragmus elegans (Shumerd), | Ladda vaseynna (MeChesnoy).
IMelasma formaosnn (Hall)? Lima chesteransis Waorthen.
Eumetrin verneailiana (Hall). Myalina arkansans Weller.
Lalorhynehus lanrm=L. carbon- | Myalina batesvillensiz Girty-

ffernmt  (Question by Butts.) AMypalinn monroensis Worthen.
Lingulodiscinn batesvillensiz Nueuln illinoisensis.

Girty. Pterin (Leptodesmat) sp,
Derbya (Orthotetes) knskaskien- | Pteria off. P. suleata.

sig MeChasney, Bohizodus off. 8. symmetricus Calvin.
Productns inflatus MeCGhesney, Bulpatopinurinaxvillensis Whitfield?
Productus aff, P, hirsutiforimnis, Yoldia laevistrinta Meck and Wor-
Froduotns ovatus Hall, thien.
Produoctus parvos Meek and Conularinnfl. O newberryi Winchell?

Woarthen. Brneanopsis sl B. vextilis (Hall).
Productus &, P. pyxidiformis | Baphemus aff. B nodocarinatos
DeKoningk, (Hnll}
Productus semireticulatus Straparollns planidorsatue Mook and

Martin. | Worthen.

Bessamner=Yandiver
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List No. 2

Pentremites podoni DeFrance

Pentremites symmetricns Hallt

Archimedes lntivolvis Ulrich?

Archimedes terebriformis [Ulrich. Worthen.

Composita subguadrata (Hall) Avicalopecten afl. A. magnos Swal-

Enmetrin vornenilinna (Hall), low.

Derbya (Orthotetes) kaskaskion- | Aviculopecten aff. A. menroensis
siz MeChesnoy. Worthen §

Productus semircticolatus Mar- | Lasvidentalinm t sp.

Spirifering transveran MeaChesney.
Allorismat sp.
Aviculopecton’ afl. A, chesterensis

tin. Leda sp.t
Reticolaria setigern (Hall). Myalina angolata Meek and Wor-
Bpirifer leidyi Norwood and then.

Pratten. Pteria (Leptodesma?) sp.
Bpiriferina spinosa 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 serobiculntas Bphenopteris ef. M. distans Stern-
(Sohlotheim), berg.
Bothrodendron sp, Sphenopteris {Rhodea) moravien
Lepidodendron volkmanniannm Etting=haosen !
Bternberg, Sphenopteris ¢f. 8, schistornm
Lepidophyilum n. &p. Zeiller.
Pailophyron sp. Sporocystis ep. of. 8 cardioearpon
Bigillaria (Subsigilaria) n. sp. rostratum O, Faist,

List No. 4

Sphenopteris goepperti Dunker,

Sphenopteriz sp. undet. of. Rhaeop.
teris machaneki Stur.

| Trigonosarpun . sp.

Rhacopteris gp.

Cardiopteriz n. gp.

Sphenopteris n. s (Waest Vir-
ginla foru),

Nearly all the species of invertebrates in the above lists
would be expected in any considerable collection of Chester
oroup fossils from the Mississippi or Ohio valleys. Neverthe-
less, Pentremites paypramidatus is known elsewhere only from
the Glen Dean limestone of Kentucky and Tennessee, and
Prismopora serrulata, which is very common in the Glen
Denn, is rare in any other formation. Choneles chesierensis is
also common in the Glen Dean in Tennessee and abundant in
it in Colbert County, Ala., where it is associated with other
charaeteristic 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
Flovd 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®t), although no red
shale or other rocks of Pennington type have been observed there.
The tongne of Floyd shale overlying the Bangor limestone in
Shades Valley was called Pennington in the Birmingham folio,

The ocenrrence of Caneyelle in this region is interesting.
The genus is chmaeteristic 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, 8 curious mixture of forms generally aceredited to
the Devonian (Psilophyton), Mississippian (Sphenopleriz mora-
viea and . sehistorum), and Pennsylvanian (the Asterocala-
mites and the Lepidodendron).

FAREWOOD 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 vulley;
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
Coosa field the Parkwood is faulted out.  The best onterops of
the Parkwood are in the vieinity of Oxmoor, 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 guadrangles
is composed of gray shale and sandstone that bear a close
resemblance to the Pottgville roeks, which overlie the Park-
wood, The sandstome generally makes thick beds, the maxi-
mum heing 100 feet. Some of it is hard and quartzose, but
most of it is probubly more or less feldspathie. Much of it is

*i Butts, Charles, U. 5 Geol: Survey Geol. Atlas, Birmingham folie (No.
1746}, 1910,

somewhat ferrnginous and weathers to a rusty color. No eal-
careous matter occurs in the formation, and at only one point
was black shale noted. In these respeets the Parkwood is
entively different from the underlying Bangor and Floyd in
Shades Valley. In its eastern areas of outerop, however, the
Parkwood is searcely distinguishable from the Floyd, for the
npper 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.

Tlhickness.—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 aver 1,000 feet on the west side of the Coosa coal feld.
The thickness attaing the maximum at Trussville and decreases
in all directions as if' the formation were beveled by pre-
Pottsville erosion.

Age and corvelation—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 Pottzville formation. Lithologically, except for the
absence of coal beds, the Parkwood ig more like the overlying
Pennsylvanian than the underlying Mississippian formations.
Fosgils were found in it in the sandstone that makes Bee
Ridge, where it is exposed in a cut on the Southern Railway
half & mile north of Genery Gap, These fossils are listed
below as identified by G. H. Girty:

Ehomboporat sp. Parallelodon afl. P, tenuistriatus

Schirophoria n. sp. { Meel and Worthen).

Derbya erazsa Mook and Hayvden? | Avieulopecten sp,

Pustula afl. P, nobraskensis Deltopecten occidentalis (Bhnmard).
{Uwen)t Plearophorns subeostatus Meek and

Marginifera? n. sp. Worthen.

Dielasmnn ! sp. Bucanop=is¥ sp.

Bpirifer rockymontunus Marcon, | Enphemuos sp.

Composita subtiiita (Hall). Plenrotomaria gp.

Huztedia n. sp. ¥ Sphacrodomn s

Nuenls sp.

Girty says:

The Pottsville age of this collection does not rest on certain gronnd,
though it may be regarded as probable, Hardly any of the species
listed, and pot many of the genera, even if the generic assignments
could be vouched for, welgh heavily on the Pennsylvanian side,
This fauna, however, shows @ couspicnous change from the lower
faunas, a change marked by the complete elimination of the diagnos-
tic genera and species that assurve their Mississippian age. At the
same Hme it shows a distinet rapprochement with the Poltsville
fannas above, the most noteworthy evidence in point being perhaps
the Selizophorie, which ocenrs in s0 many of the Pottsville collections
but is entirely lacking in the Mississippian ones. The genera Mer-
gindfera and Hustedie, 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
hovizon 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.

Fistnlipora sp. Iviatasma sp.

Cystodiotys sp. Spiriferinn sp.

Rhombopor sp Deltopecten aff. . batesvillensis
Fepastalla tennx Ulrich. Girty.

Archimedes sp. Leptodesmn carboniferom §
Polypors sp. Yoldie levistrinta Meek and Wor-
Diaphragmus elegans (Waoarthen). than !

Camnarotoechia? 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 is probable, the Parkwood bridges the gap
that elsewhere in the Appalachian region separates the Missis-
sippian and Pennsylvanian, In this folio the Parkwood is
tentatively classified ae Mississippian.

UNCONFORMITY AT THE TOP OF THE MISEISSIPPIAN

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 abzent, the Penn-
sylvanian rocks rest unconformably on the Floyd. This rela-
tion is in harmony with the marked uneconformity that has
been long vecognized by geologists as existing between the
Mississippian and Pennsylvanian on the west side of the
Appalachian Valley province from Alabama to Pennsylvania.

PEXNSYLVANIAN SERIES
POPISVILLE FORMATION

Name~The Pottsville formation takes its name from Potts-
ville, in the anthracite conl field of Pennsylvania. It forms
the lowest part of the Pennsylvanian series in the Appalachian

eoal Helds and constitutes the top of the Paleozoie section in
Alabama.



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

Tharacter.~"The Pottsville rocks are made up of sandstone
and shale containing coal beds. The sundstone consists almost
wholly of quartz grains, thongh it contains a little mica and
teldspar and scattered erystals of magnetite and zircon. None
of the sandstone containg enongh 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 oceur 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, vet the presence of marine fossils in certain beds from
the bottomn 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 deseribed under the heading “ Economic
geology.” The names and vertical succession of the coal beds
are shown in the colummnar-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 containg these
hasal sandstone members is a wonotonous repetition of shale
and sandstone beds, in which some of the shale beds are as
much ag 200 feet thick. Nearly all the workable coal beds
oceur 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 Sand Mountain, 4 miles north of Birming-
ham. Its only ares 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 outerop,
which is marked by a low ridge or a line of low knollse, The
sandstone is coarse, thick bedded, quartzose, and in places
conglomeratic at the base. Where thickest it changes toa
Hagey, liner-grained, and perhaps argilluceous rock toward the
top.  In the vicinity of Wylam it is slickensided and quartzitic
ag a result of crushing 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.

Ruzbuyg sandstone member.—The highest bed of the Potls-
ville in this ares, in the northwest corner of the Bessemer
quadrangle, is x 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 oceupies a large part of the surface of the
Warrior field in the Dessemer guadrangle and is persistent
throughont a large arvea in the Brookwood quadrangle, to the
southwest. 1t 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 & number of points along the northwest margin
of the Cahaba field it serves excellently as a boundary.

Shades sandstone member.—The Brock coal is overlain by
40 to G0 feet of shale, above which lies the Shades sandstone
member, named from Bhades 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 iz 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 above it in the
Coosa flield lies the Pine sandstone member, named from Pine
Ridge, in the Cahaba field. In the Bessemer guadrangle this
member crops out along the crest and east slope of Pine Ridge,
the sandstone and the ridge persisting the entive length of the
Cahaba field. In the Coosa field the Pine sandstone, like the
Bhades, is more strongly developed than in the Cahaba field.
It erops out along the ridges parallel to the outerop of the Shades
sandstone and forms the erest of Pine Mountain., Signal Moun-
tain, the highest point in the quadrangles, is formed of this sand-
stone, The Pine sandstone member is guartzose, 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 Doyles
sandstone member of the Warrior field.

Chestnul sandstone member—Above the Pine sandstone lies
about 500 feet of beds that are mostly shale, and ahove this
shile lies a persistent guartzose sandstone 100 feet thick, which
mikes Chestnnt 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 2% 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 cast 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 certsinty and has served as a key to the complex
stracture of that area.

Straven conglomerate member.—The Straven member, named
from Steaven, 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 Btraven is 4
very coarse conglomerate 40 feet thick or thereabouts. It is
composed of guartzite 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 guadrangle 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.

Welf Ridge sandstone member.—In the Yellowleaf basin of
the Coosa coal field there is a persistent hard quartzitic sand-
gtone 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 iz named. The Wolf Ridge
sandstone is especinlly 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 Loeust Ridge and northwest of Thomas
Gap, in the sonthwest corner of the Vandiver quadrangle,
The Wolf Ridge sandstone is correlated with the Chestnut
sandstone of the Cahaba field.

Straight Eidge sandstone member.—The name Straight Ridge
siandstone 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. Tt liez about 800
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 ahout 2,300 feet, in the Cahaba field 5,500
feat, and in the Coosa coal field 7,400 feet.

Age and  corrvelation, — Considerable collections of fossil
plants and invertebrates have been made from the Potisville
tormation 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 quadrngle, about 3
miles novth of Tusealoosa. The collections range through
nearly the full thickness of the Pottsville, oceurring in at least
live thin zones or layers in the Warrior field, the lowest of
which iz only about 100 feet above the hottom and the highest
near the horizon of the Brookwood coal, near the top of the
formation. In the Cahaba field two fossil-bearing zones ave
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 Potis-
ville farther to the northeast in the Appalachian coal field.
Beeause of that scarcity these invertebrates ean 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 mueh light on the history of the
Alabama region in Pottsville time, as brought out under the
heading “ Geologic history.”

The invertebrate fossils from the Pottaville formation of the
Birmingham distvict, Ala., shown in the following list were
identified by G. H. Girty in 1905:

Lophophyllum profundom Ed-

wards and Haime.

Bolenopsis =olenoldes Gelnitz,
Edmondiz gibhosa Swallow,
Glyptopors! sp. Edmondia aff, B, subtruncato Mok,
Lingula aff. L, earbonaria 8ho- Sedgwickia n. sp.
mard. Nuenla ventricosa Hall
Lingulidiseina gonvexs Shumnrd. | Ledsa bellistriats Stevens,
Schizophoria n. sp. Yoldia oweni MeChosnay !
Derbye aff. I, bennetti Hall and | Parallelodon tenuistriitos (Aaak
Clarke. and Worthen)
Derbyn ornssa Meek and Hayden. | Avieunlopecten paracuta Shumard.
Derbya robusta Hall§ Myalina aff. M. kansssensis  Shu-
Chonetes n. sp, mard,
Produetus cora I¥ Orbigny. Myaling swallowi MeChesney.
Productus nebraseensis Owen. Sehizodos afl. 8, symmetricus Cal-
Productus semireticniatos Martin vin,
{fine varisty), Avienlopecten herzerl Mook,
FProductos aff. P. symmetriens Aviculopesten afl. A. providencensia
MeChesnay, Cox.
Marginifera muricata Norwood Aviculopacten rectilateraring Cox.
and Pratten. Deltopecten aff, D. occidentalis
Bpirifor rockymontanns Moreon, (Shomard).
Amboooelin planiconvexa Shu- Lima retifera Shumned,

mard. | Maodiola subelliptica Meek.
Hpiriferina kentuckyensis Sho- | Allorisma terminale Hall,
ard. | Astartella vara Hall,
Spiriforing epinosn Norwood and | Buomphalos eatiloides (Conrad)!
Pratten? | Plearotomaris, seversl species.

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

Cliothyriding missoariensis 8wal- | Phillipsia aff. P. seitula Meek and
low. | Worthen,

Hustedin mormoni Maveon, Hstheria dawsoni Jones.

Bolenomyn sp.

General corvelation 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 eonsiderable collections of fossil plants
has enabled David White to correlate tentatively the Rosa coal
in Berry Mountain, the Swansea or Inland eoal 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
eorrelated by the writer with the Gould eoals 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 Cooss basin are tentatively correlited in a general way
with the beds shown oppesite them in the section of the
Cahaba field in Fignre 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 Pottaville 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 Camphell. Tt includes the Pocaliontas coals of Vir-
ginia and West Virginia. The middle Pottsville includes the
beds that earry the Sewell and Quinnimont coals of West Vir-
ginia, and the upper Pottaville 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 Beddy coal, 8 bed that is
close above the Lookout sandstone of Hayes in northern
Alabama, which is about 700 feet below the top of the lower
Pottsyille. 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
conl mensures of the Warrior field falls in the middle Potis-
ville, no upper Pottaville being present, in that field. In the
Cahaba field the npper Pottsville is represented by the Mounte-
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 Lesquereux. | Neuropteris biformis Lesqneren,

Alethoptaris laeool White | Neuropteris elrodi Lesquereux.

Alethoptoris lonchitien var. Neuropteris of. N, gigantaa (Stern-
White. berg) Sternberg.

Anclmites of. A. tennifoling Neuropteris pottsvillen White M8,
(Gloopport) White Nenropteris schlehani Stur,

Annularin nelenlaris (Dawson) Neuropteris smithil Lesquereux.

Beniult. Rhabdoearpus alabamensis White
Anterophyllites gracilis  Lesie- M.

FEN. Sphenophyllnm  bifureatum  Los-
Anterophyilites minabue A ndrews {UETENY.
Cndnnltes suckowil Brongniart. Sphenophylium temerrimum Btoings
Ualsmostachys  lanceolatn  Les- hausen.

fusreLT, Sphenopteris ngplonoldes Hoetor,
Cheflnnthites of. . choathani | 8phenopteris of. 8. divaricata (Goep-

{ Losgueren xj, pert) Geinits and Gotbier,
Ohellnnthites mierophyliug (Les- | Sphenopteris  flexieaulis  (Lesque-

(L uaraun ). rony) Lesijuereny.

Lapidodundron aliibhamense Bphencpteris  larischil (S8tur) Les
White. {jueraux.

Lepidodendron  alypéntum Les: | Sphenopteris  microearpn Losgue
(Juareux, Teix.

Lupldodendron obovatum Stern- | Sphenopteris obovata Lindley and
hairg. Hutton.

Lepidophy il alnbamense Bphenopteris palmatilobn White,
White M8, Bphenopteris patentissima (Eitings

Lepldostrobus pennsylvanicas hauvsen) Schimper,
White Sphenopteris quercifolin (Gosppert),

Marloptiris dimorpla (Lesgoe | Stigmaria Yerraeosa (Marting [Sters-
reux) White. berg].

Moriopteris inflata var, White.
Marlopteris ef. M. muricata spectabile White.
(Behlotheim) Zelller. Trigonocarpon  alabamense White
Muariopteris pottsvillea White. | M8
Newroplers acutimontana W hittleseya campbelli White.
White. | Whittleseya microphyila var, White.

Trigonecarpon  ampulacforioe var

QUATERNARY SYSTEM

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 Mesozoie

esss pier-% mniliver
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or Tertinry rocks being known in the Bessemer-Vandiver area.
The alluvium 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 stripe along the streams, and these
strips with few exceptions are narrow. [Its total ares is only
a few square miles, and its thickness is only a few feet.

STRUCTURE

DBEFINITION

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

METHODE OF REPRFBEENTING STRUCTURE

The structure of the Bessemer-Vandiver area is shown by
gtructure sections and by structure contours. A structure sec-
tion shows the lay of the strata as it would appear in a deep
trench cut neross the region at right angles to the general sirike
of the rocks, Structure contours show the structure by lines
resembling those that represent surface 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 exmmple 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 throngh 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 paosition of the
fiults 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 distriet is that characteristic of
the Appuluchian Valley provinee from Canada to Alabama.
The originally horizontal strata have been folded as a result of
Intersl compression, so that now the major features of the struc-
ture are comparsble to a succession of great waves that eross
the quadrngles in a northeasterly divection, the crests of the
waves corresponding to the great anticlines, such as the Bir-
mingham antieline, and the tronghs of the waves to the great
synelines, such as the Cababa and Coosa eoal fields. However,
as the erests of the great anticlines have been eroded offy the
undulating strocture 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 synelinal tronghs oceupied by
the coal fields.

From the Birmingham anticline the rocks dip southeastward
into the Cahaba trough. The Red Mountain formation, which
crops out at 1,000 feet above sen level on the crest of Red
Mountain, descends eastward to 7,000 feet or more below sen
level in the Acton basin. The general southeastward dip is
interrupted by minor folds like the Tacoa and Delly Ridge
antielines and the corresponding Belle Ellen and Little Valley
synclines.  Along the southeast margin of the Cababa field lie
the subordinate basins—the Eureks, Helena, Acton, and Little
Cabuba basing. DBetween the Little Cababa and Acton basins
is un aren of compliented folding which has not been fully
worked out, though its general chamcter is indicated by the
mapping and by structure section C-C' of the Vandiver
quadrangle,

In the swme manner the rocks on the southeast limb of
another anticline dip from Cahaba Valley southeastward into
the Coosa trongh 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 aren of the Coost eoal field. The Yellowleaf basin is a
canoe-shuped syncline with the east side fanlted out but with
both ends partly preserved. From the east side of the Coosa

field the rocks seem to dip enstward in general to the Colum-

biana synecline, which crosses the southeast corner of the
Vandiver quadrngle. The former existence of an anticline
neat the Coosy field is indicated,  The sarface rocks east of the
Coosa field are minately crumpled, as noted in the deseription
of the Floyd shale (p. 13).

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

T'he east limbs of the great anticlines bave been briefly
deseribed, but a complete exposition of the strueture 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 erests of the major anticlines were
naturally thrust farther to the northwest thun the bottoms of
the synclines, so that the northwest limbs of the anticlines (or

1
the southeast limbs of the synelines, ag they may equally wel
be designated), which bad at the beginning a northwestward
dip, became vertical and then overturned with a southeastward
dip, and finally in o few plices 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 guve 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 stratigraphieally into a position
above the npper rocks involved in the folding. In time the
overturned and overthrust masses were eroded away and the
surfitce was reduced to the present condition, in which no trace
of the fanlting is preserved in the topography. Thus were
formed the great falts 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 limmbs of the anticlines
and the southesst limbs of the synclines) were desiroyed or
buried. The total porthwestward movement along each of
these fuults was at least ns much as the thickness of rocks dis-
placed, which in the Opossum Valley fault is at least 2 miles
and in the Helenn fault at least 3 miles in places. The actual
horizontal movement may have been much greater. The com-
bined effect of all these faunlts is an overlapping or * weather-
board™ structure for the whole area.

DIPF OF FAULT PLANES

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

METAMORVHIEM

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 fanlt, is said to show no change that
would indieate any difference from its ordinary chemieal com-
position.

As already deseribed, 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 o quarter to half an
inch thick,

GEOLOGIC HISTORY

In the earliest time of whicl 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 o strait between still more ancient lands on the
cast and on the west. This strait was on the eastern border
of u great aven, extending to the region of the present Great
Lakes, that was slowly but intermittently subsiding during
all of Paleozoic time. The Appalachian Strait widened
into the Appalachian Gulf. The filling vp of this subsiding
earth hasin by sediments derived from the bordering lands
constitutes the part of this history which properly begins with
the Paleozoic ern. 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 Appalachinn Valley and Appalachian
Platenus, nre the foundation upon which the Paleczoie rocks
rest.

PALEQZOIC ERA
CAMBRIAN FERIOD

From the bordering land aress great quantities of fine mud
were discharged into the Appalachian Strait by the rivers of
Talladega time (Algonkinn? and Paleozeic). At times coarse
sand mixed with small guartz 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 Bawyer limestone member was laid down. Fine clayey
materiul greatly predominated, however, which indicates that
the material was derived from land of low relief or was depos-
ited in water distant from shore go that only the finer sediment
was transported 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 mre occurrence of calearcous algae in the Sawyer
limeztone, however, no organic remaing have ever been dis-
covered in them or in their equivalent in Georgia and Tennes-
gee and it is believed that the Talladega sea was destitute of
life during most of the time of ite 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

part.

T HRutts, Charles, 17, 8, Geol. Burvey Goedl. Atlns, Montevallo Columbiana
folio (in preparationy. Buotts, Charles, and others, Geology of Alabama:
Alabinma Geol. SBurvey Spesial Pab. 14, 1020,




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

The Weisner epoch was suceeeded 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
g0 far as known life was searce.

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 rarve intervals the
Rome sea was invaded by swarms of trilobites and brachiopods
whase remains are now entombed in the deposits laid down
during the time of their invasion.

In the Conasauga 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 flonrished thronghout the Conasauga epoch. There
were many species of trilobites and & great abundance of indi-
viduals. Brachiopods were also plentifal 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 Conasaugn 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 peenliarities of distribution of the Ordovician lime-
stones in the two valleys as noted under the heading
“Btratigraphy ™ (p. 3) and hereinafter mentioned.

CAMBRIAN 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 Conasauga
limestone was laid down Birmingham Valley and Cahaba
Valley were elevated above sea level, and the resulting erosion
produced the unconformity described on page 3. After the
deposition of the Brierfield dolomite in the Montevallo region®®
there followed a resubmergenece, 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 sueceeded 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
Valley local uplifts precluded the deposition of the Chepul-
tepec and succeeding Longview and Newala limestone.

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

It ig 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 magnesinm for
part of its caleium. So far as known limestone at present is
being precipitated from solution in watér 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 shell-bearing 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 provinee, leading to repeated emergence
and submergence of certain arens and corresponding gaps in

2 5o footnote 22 on p. 16,
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the sedimentary sequence and causing a patchy distribution of
the rocks of different aiges in some areas as deseribed under the
heading “Stratigraphy.” The theory of oscillations as affect-
ing the distribution of formations in Birmingham and Cahaba
valleys is illustrated in Figure 6.
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Frgung 6.—Ideal sections illustrating theoretical conditions at successive
stages nnder which the Paleproie sedinients in northenstern Alabamn
were deposited in oscillating basing

a, Chepmliepes time: 8, Longview nod Newaln time; ©, Upper Bockmantown nnd St Peters
time; o, lower Chickampugn (Lenolr and Mosheim) time; B, Athens tims: F, Little Oulk
e G, npper Chickamsuga [ Blick Biver) tima nnd nearly ithe sama condltlons through
Mohawkinn and Cineinnutinn time: H, ted Mountain time aod pearly the sams comiiblons
through the remaindar of Silorian time samnd throngh Dovonlan time; 1, eod of Cheator time
| Barkwood thne ) W, Pottadllo time: L, present then g the feolt I8 Ionted on sn obd aoticline
or barrier forming n natoml line of wenkness owing to less thickness of strata. €5, Rome
formation } €z, Conassugs formatlony €0&, Copper Ridge and Eetona dolomites: €02
Uhnpulteges dolomite: Din, Longview, Newals, aml Odenvills limestones; o, Lenolr and
Moshelm lmeatones; Oa Athens shala Clo, Little Dok limestono ; Oz, lower Chickamougs
(Btones River) imestono : Oue, nppar Chickamaugn (Black Biver) limestons ; 5p, Bl Maun-
talw fomnntion, Frog Mountalby sandstons, and Chsttaooogn shiale ;) Clg, Fort Payne clisrt to
Floyd alnlés: Cp, Parkewood formation; Cpe, Potdavills formation. S_, Sea lovel

The Cahaba barrier seems to have been eontinuonsly 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 Ordovieian 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 Bt. 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-
amuuga 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 gs 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 areaz to form the
basal ghale 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,
und the busal layers of limestone were in places stained red by
a small amount of red elay, which was still being washed into
the water. In Cahaba Valley 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 wvalley the Little
Ouak 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 continuounsly 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 Chickamanga time the waters of the region abounded in
brachiopeds, 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
voleanie eruptions that ocenrred 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 Chickamanga
limestone, deseribed on page 7. The rarity of veleanic action
in the Ordovician period in eastern North America is in strong
contrast with conditions just across the Atlantie, 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 resulied 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 wus uplift,
and the beds down to the Irondale seam were eroded, and
probably the Irondale seam itself in the vieinity 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 submergenee ensued, and in
the shallow sea or a sheltered lagoon the Big seam of ore
was aecumulated.  Animals swarmed in the hospitable water,
and their accumulated skeletons formed a coquina-like lime-
stome. In Cahaba Valley and esstward, where the Silurian
is ubsent, lay an ancient land deeply covered with the
ferruginons soil that had been formed through the decay of a
vast thickness of dolomite and limestone, just such as now
covers large areas 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
vemaing, 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 Pendumerus lived in the
vegion, for easts of Pentamerus 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 PEELIOIN

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
Uriskany 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 go 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 moge of possible interpretations is so great and the
subject so speculative that limits 'of space preclude further
diseussion here, Evidence is accumulating, however, that the
Devonian sea persisted into Hamilton time in a considerable
avea at least in parts of 8t, Clair and Calhoun counties lying
to the northeast of these quadrangles,

CABBONIFEROUS 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 repreaented only in the lower beds
of the Fort Puyne chert.  The region was enurolj' sabmerged,
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 sue-
ceiding Chester time. Then it was resubmerged and so eon-
tinned during the rest of Chester time, and, except in the
northern part of the Bessemer quadrangle, where the Bangor
limestone was deposited, prevailingly earthy sediment accumu-
lated to form the Gusper tormation, Hartselle sandstone, Floyd
ghale, and Parkwood formation. The deposition of the Park-
wood seews to bave been followed soon by the deposition of
the Brock coal and the basal sandstone of the Pottaville of the
Cahaba and Coosa fields, but the area of the Warrior coal field
wis ubove sen level during all or part of Parkwood and early
Pottaville time, as shown by the unconformity between the
FIﬂ_\rcl El’mlﬂ amd ﬂm F‘ﬂttsvi]le in that ares. Tii deposits of
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in Carhoniferons time areas of Al Thiese-formutions Wers filsed-
into land-to-the east-and southeast of the conl fields.

The most interesting and valuable de ol the Pottsville is
coul. Land vegetation became abundant and grew loxuriantly
in swnmps of vast extent near sea level, in which thick de-
posite of vegetal débris accumulated 22 in a modern pest bog,
These deposits were covered by sediment and in time converted
hy pressure and loss of moisture and gaseons constituents into
bituminousconl. 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 extengive sreas 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 25 would most
likely take place if the land stood continuously near sea level so
that aslight sinking would permit flooding by thesea, As the
Pottaville accomulated near sea level and iz 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
subgidence of the earth’s erust during the long time of its aeen-
mulation. The luxuriant vegetation of the Carboniferons period
consisted largely of great trees allied to modern elub mosses and
of smuller plants allied to modern ferng.  No flowering plants
bad yet appesred.

As a bed of peat abont 5 feet thick is necessary to make 1
foot of bituminous coal it is easily seen that at the highest
imaginable rate of growth 8 very long time wus required to
accumulate the coal beds of Alabama, which in the Cahaba
field, for example, aggregute not less than 100 feet in thickness
and thug required an amonnt of vegetal mutter equal to a bed
of peat 500 feet thick.

No record of events during the rest of the Carboniferons period
exists in Alabama, Tn this unrecorded time the Pennsylvanian
conl mensures of upper Pottaville, Allegheny, Conemnugh, and
Monongahels age were lnid down in western Pennsylvania,
Ohio, Indinna, and INinois, and sabove them the Perminn series
of the Carboniferous, the last of the deposits of the Paleozoic era.

APPALACHIAN REVOLUTION

The Puleozoic em was one of subsidence and deposition in
the Appalachisn Gulf region. It was a constructive em, in
which rock formations were built up. At the end of the
Paleozoic a reverse movement—uplift of the formerly subgiding
aret—began, and it has continued ever since. The region
became dry land.  As the land emerged from the water it was
attacked by the agenis of erezion, which have been active dur-
ing all subsequent time, This great change in the operations
of nature in this purt of the earth is known as the Appa-
lichinn revolution. Besides the direct nplift that affected the
region there was a luternl westward movement of the crust, the
effects of which are most conspicuous along the Appalachian
Valley (p. 15), where the strata were folded, crumpled, and
faulted und 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 exn, They must
have been accompanied by violent esrthquakes, to judge from
the earthquake results of such comparatively slight movements
as that which produced the San Francisco earthquike and that
on the Red Gap fault, which produced the earthquake in the
Birmingham region & few years ago.

MESOZOIC AND CERGZOIC ERAS

The Mesozoic nnd Cenozoic were eras of destruction, and
ulmost 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 vicinity of Bir-
mingham—and, a8 a result, the present hills, ridges, and val-
leys have been earved in the surface of the region.

Cumberland peneplain.—Although erosion has been eonstant
the npward movements of the erust in the Appalachian High-
lands seem to have been intermittent. Some of the pauses
were 50 long that extengive 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 ils complete
development in early Cretaceous time, for its marginal parts,
slightly submerged In' a tilting movement, were coverid by
early Cretaceous t]('pﬂﬂltﬂ on the Coastal Plain. Farther north,
however, the peneplain was more elevated, and in the Umnher-
land Platean it is now represented by an extensive fairly even
surfice, approximately 2,000 feet above sea level, Thence it
slopes sonthward, connecting approximately with The surface
of Band Mountain in northern Alabama and that of Blount
Mountain, 1,300 feet high, further south. Possibly the crest
of Red Mountain and Higher summits of the Warrior and
Cahaba conl fields nearly coincide with the old peneplain, hut
it is too obscurely preserved in these sonthern latitudes to be
surely identified. Becanse thig old peneplain of supposed
Cretaceons age is excellently preserved in the Cumberlund
Plateau it is named the Cumberlund peneplain. It may be the
same s the Schooley peneplain of New Jersey, which is alzo
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 Alabwsmn. The Highland Rim and Comberland peneplaing
probably converge southward and become indistingnishable in
the Warrior coal field. The surface of this peneplain is ghown
in one of the illustrations of the Montevallo-Columbiana folio.

Life of the Mesozoic and Cenozoie eras in Alabama—There
cati be no doubt that the land of the sonthern Appalachian
region supported the succession of plant and animal life peeu-
liar to ench period of the Mesozoie and Cenozoic eras, although
but seanty remuing of this life have been preserved or yet
discovered. "The leaves of several modern genera of forest trees
have been found in the Cretaceous deposite of Alabama, and
the trees must have grown on the land bordering the Creta-
ceons ser, - Among these genera are the fan palm, the sequoia
(“big troes” of Californin), pine, tulip (* yellow poplar™),
magnokin, sycamore, sassufrag, holly, poplar, willow, cinnamon,
lig, and walnut. The onk was living at this time in the
Carolinas, but no specimens have been reported from Alabama,
In Conozoie time o number of other genera of trees such as
hickory, pawpaw, cassin (senna), redbud, dogwood, and ash,
made their appenranee, and their remaing are preserved in the
Focene (lower Tertinry) deposits of Alabama, Two living
genera of ferns, Lygodivm (climbing fern) and Asplenium
(spleenwort), are aleo recorded from the Alalmumna Eocene,

Among the animals modern types of clams and fishes prob-
ably inhabited the rivers of Alabama throughont the Mesozoic
era and the Tertiary period of the Cenozoic era, as they did the
rivers of other regions during those times, The great reptiles,
the dinosaurs and others that inhabited the Rocky Mountain
region, also probably resmed through the forestz and over the
plains of Alabama, although any moresses 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-
ganrs und for the same reason they have left no traces. In
early Quaternary time, while the northern part of North
Ameries was buried in the ice of the glacial epoch, the masto-
don, megatherium, eave hear, saber-toothed tiger, and a host of
other recently extinet animuls inhabited the Alabama region,
and we may believe that the first human being to tread the
soil of Alubama was a contemporary of these extinet animals,

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

ECONOMIC GEOLOGY

The mineral resources of the Dessemer-Vandiver area con-
gigt of conl, iron, dolomite and limestone, shale and ¢lay, road
metal, chert, building stone, sand, lime and cemeni materinlg,
soil, and water. The most valuable of these resources are
eoal, iron, and dolomite, for these are the mw materials of iron
making, the principal mineral industry of the region. A
necessary condition for the profitable operation of the iron-
muking industry in Alsbama is the proximity of the deposits
of ecoking coal, iron ore, and dolomite or limestone to one
another. Red Mountain forms the western edge of the ore-
bearing arvea; the eastern edge of the Warrior coal feld is 5
miles distant; and in the valley between is the dolomite.
The raw materials for iron smelting are therefore cheaply
assembled in this region,

OOAL

GENEIRAL PEATUIIES

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 wentioned. The number, names,
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Figure T.—8kotoh map showlng the loeation and extent of the Alabama
vonl flelds

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

Mowestic vse and. moeh of it for making coke and gas. The

conl along the cast side of the Warrior field is regarded as the
best coking conl 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 is approximately 3.0 per
cent moisture, 20,9 per cent volatile matter, 61.0 per cent fixed
curbon, 6.4 per eent ash, and 1.19 per cent sulphur,

COALS OF THNE WARKIOR FIELD

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

The couls of the Warrior field are more or less chstmx:ﬂv
separsted into groups, which were named by MeCalley, in
ascending order, the Black Creek coal group, including the
Black Creek, Jefferson, snd Lick Creek coals; the Mary Lee
conl group, including the Ream, Jagger, Blue Creek, Mary
Law, snd Newenstle coals; the Pratt coal group, including the
Giillespie, Curry, Americn, Nickel Plate, and Pratt coals; the
Cobl eoul group, including the Cobb upper and Cobb lower
conl; the Gwin conl group, including the Thompson Mill and
Giwin beds: and the Brookwood coal group, including the
Carter, Milldale, and Brookwood coals, The beds of the last
two groups do not ocenr in the Bessemer-Vandiver area,

NLACK CRERK COAL aRour

The Black Creek coul group does not crop out in the Besse-
mer quadrangle owing to the Wylam and Opossum Valley
faults, ns shown in section B-B' of the Bessemer quadrangle.
A conl identified a8 Bluck Creek is exposed on the electric

railroad between Thomas and Pratt City, 2 miles northeast of
Wylnm, and the sme bed is exposed at a number of places
nesr Valley Creek, 6 miles southwest of Pleasant Hill Chureh,
At both places a workable bed, 2 feet thick or more, is indi-
catedd. 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 OOAL GROGUP

The Mary Lee coal group probably crops out a short dis-
tance weat of the Poyles 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 eondition 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-

andstong

Fraure B.—Seotion of Mary Le¢, Pratt, and Nunnally coual beds
1, Mary Lee conl 1 mile northenst of Dolomite ; & Pratt coal nt No, 2 mine, Dolomite; 3, Lowar
Runnlly conl oo Patton Creek near center of sea. 28, T, 18 B, R.8W. 4, Lowdre Nunnally conl
at Acton Fonl; 6, Lowasr Nunnally coal 1 mile northeast of Acton Ford, 8E. 14 sec, 8, T, 10 8.,
. 2W, ; b Lower Nunnoliy coal half o mile south of pumping station; Birmiogham water-
worka Seale: 1 indli=5 fael
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 elay or shale,
PRATT COAL QROUT

The Pratt coal group erops out from Wylam to a place 2
miles southwest of Dolomite, where its outerop 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. Btill 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 Chureh.

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 CAHARA 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,

*# Zquire, Joseph, Report on the Cababa coal fleld, 181 pp., 1 pl., Ala-
bama Geol. SBarvey, 188, Butts, Charles, The northern part of the Cahaba
coal 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 5646
(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 npper 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 Liitle 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.

HUNNALLY COAL GROUP

General features,—The Nunnally group of coals, named by
Squire from the Nunnally farm, 1 mile northwest of Sydenton,
ig 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, ag 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 Bessemer 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 8, 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 eval bed.—Between the locality 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. 235 a bed
regarded as the Lower Nunnally is 3 feet 94 inches thick.
(See lig. 8, section 3.) Just east of Acton Ford, in the north-
west corner of sec. 17, T. 19 B, 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. (Bee fig. 8,
gection H.)

The outerop of the bed is traceable northward for several
mileg, and openings have been made on it at several places, but
its thickness and character could not be determined. Near the
center of see, 26, T. 18 85, 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 see. 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-
siderable disturbance in which a segment of the crust including
the coal beds has perhaps been faulted out at the surface, In
the NW. 4 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 SE. 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. | sec. 32, T, 17 8, R. 1 W. (Bee fig. 9, section 2.)

Middle Nunnally coal bed.—In the 8. 1 sec. 18, T. 19 8,,
E. 2 W., about 2 miles south of Rocky Ridge Church, o thick
bed of coal has been prospected at two places half a mile apart.
It is ealled the Middle Nunnally, because it is the middle one of
three beds of good thickness in this loeality. At one opening
the bed iz 9 feet 71 inches thick. (See fig. 9, section 3.) No

Figunk 9.—Bections of Nunnally coal beds
1, Lower Nunpnally coal in 8E. 4 seo. 1, T. 18 8., K. 2 W, ; &, Lower Nunnally coal in W, 1§ sec.
® T AR 1 Wor 3, Middle Nonnslly conl in 8.0 ebe; 18 T,10 30K, 2 W.; o Middie
Kunnnlly coal in 8W, 14 see, 18,T. 18 5, B. 2 W= 5, Middls Nulmn]!}" ool ln NE. !ei aeg, 12,
T 185, H. 2 W, 8, Middle Nunnally ecal in 8W., 4 se0, 522,117 B RO 1 'W, Bealo: 1 inche
G fod

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 see. 12, T. 18 8, R. 2 W., a bed
regarded as Middle Nunnally is 1 foot 9 inches thick, (See
fig. 9, section 4.) On the river bank in the NE. } 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. (Bee fig. 9, section 6.)

The facts zet forth above indieate that the Middle Nunnally
is locally valuable. Possibly more thorongh 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. J see. 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.

HARENESS 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. 1 sec. 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.?+
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. 13 5., R. 1 L, 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 becaunse 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 Sydenton, where it
was once mined, and half a mile farther south to the old Star
Cahaba No. 2 mine. It is uncertain whether the outerop
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

-] &
lfateed Sandstone

=lia'}

Frauri 10.—Bections of Wadsworth, Pomp, and Buck coal beds
1, Waidsworth sonl ot Star Cahaba mine No, 2, south of Sydenton ; 8 Wadsworth conl, half o mile

north of Langston Ford; 8§, Wadsworth coal st pumplng station mine, Birmingham water-
works; 4, Wadsworth conl in BB, 1 BW. i sec. 7, T. 18 8, R. 1 W, ; b, Pump coal on ereek ot
awltel and water tank half 4 mile south of Tacoa; 8, Buck {Atking) conl af Falleston mine,
Bonle: 1 inch-=0 foet
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 S, 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, 4 sec. 7, T, 18 B,, 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 OVEXN) 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,?¢ has been traced northward to 4 point near
Tacoa, and it apparently connects with the Coke Oven bed of

#*Butts, Charles, The northern part of the Cahaba coal fleld: T. 5.
Geol, Survey Bull. 816, pp. T6-1106, 1807,

5 Putts, Charles, The southern part of the Cahaba coal fleld, Ala.;
. 8. Geol. Burvey Bull. 481, pp. 83-146, 1911,



Squire. [ts 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 a8 the group of thin worthless beds designated
by the geologists of the Tennessee Coal, Iron & Railrond Co.
the Big Dirty conl, or at least is included in that group, Its
probable horizon is mapped with a broken line. It iz not
known to be of value in the Bessemer quadrangle.

PUMP COAL (ALICE AND JONES BEDS)

The Pump conl bed was examined only at creek level just
west of the water tank half & 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 & 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.

DUCK (ATKINS) COAL BED

At the Falliston mine the Buck bed containg 2 feet 5 inches
to 3 feet of clear coul, (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 loeality 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 see. 18, T. 18 8, R. 1 W, (see
fig. 11, section 1), #eems to lie at the horizon of the Buck, and
this view i# corroborated by the existence of another bed
short distance above in the relative position of the Younghlood
(Black shale) bed. (See lig. 11, section 1.)

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

T OU NGB LO0D {Il-lpﬁl.'f'li EHALRE, COKE) COAL RED

The Youngblood seems to be a valuable bed along the
whole length of its outerop. Ina eut on the Louisville &
Nashville Railroad half o mile north of Mosshoro, which is
just beyond the sonth margin of the Bessemer quadrangle, the
bed is 3 feet 2 inches thick, apparently all clear coul. 1In the
vieinity 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 Creck the bed is believed to make a large
zigzag outcrop around the axes of the Tacoa anticline and
Belle Ellen syneline, where the rocks are vertical, the outcrop
crossing the syneline in the vicinity of Sydenton and extend-
ing thence northward along the west limb of the syncline to
the Helena fault about on the esst margin of the Bessemer
quadrangle. At a prospect on Bailey Brook in the western
part of sec, 19, T. 10 8, R, 2 W., a bed identified as the
Youngblood is 3 feet 4 inches thick. (See fig. 11, seetion 3.)
In the Little Cahaba bagin 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.

CLARE (LITTLE PITTSBURGY, MOYLEY) 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 Creck.
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

3

Froong 1L—8sctions of Buck, Yonngblood, Clark, and Thompson (npper)
conl beds

1. Bugk (Athdnu)t conl on Conl Bed Brangh, 8E. M KW, 4 HE M sec. 18, T I8 8, B 1 Wi &
Younghlood [ Hlack shals!) conl cne fonrth mile gouth of Buak Creek aml dwboot half a mils
wedt of Holena; 8, Youngblood (Mlank shale) eoal on Balley Brook, W. 3§ eee, 16, T 10 H, R,
£ Wb, Clnrk (LIVUe PiEalurg ) coal on Buck Creek abont badl w mlls wost of Holeana ;8
Thompean tosl sl Conlmiont mine§ 8, Thompeon coal twe-thinkd of o plle iouthanst of Indne
Bridgs, Sealo: 1| inoh=f foat

Acton and Little Cahaba bagins. An effort was made to

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

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

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

11, section 4.)
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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 see. 19, T. 18 8, R. 1 W,,
the bed shows 3 feet 9 inches of conl, but 6 feet is reported, and
at a place near by & feet is reported.

On the east side of the basin, in the SW. 1 NW. 1 sec. 9,
T.18 8, R.1 W, the bed, if it is the same as that just
deseribed, is broken into four or five benches 2 to 4 inches
thick separated by 2 to 5 inches of clay, and its worthless
character at this place is evident.

GUHAS0N COAL

The Gholson bed, which is of good thickness several miles
south of the Bessemer quadrngle, 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 Bquire 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.

THOMPAEON (LOWER) COAL HED

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 quadrangle, 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 iz 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 he
irregular in thickness on account of the conglomerate roof, by
which the coal is linble 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 fig. 11, sec-
tion 6), but at Acton No, 1 mine, 1 mile northwest of Acton
No. 2, it is in better condition. (See fig. 12, section 1.) 1t was
not seen in the Little Cahaba busin,

NMELENA OOAL DED

The Helena bed is the uppermost minable coal in the
Bessemer quadrangle. It was mined years ago half a mile
south of Roebuck, where SBquire reports the eoal to be 4 feet
thick and to have 2 to 3 inches of bony coal near the middle.
It is reported to be 5 foet thick at the northern extremity of its
outerop in the Eureka basin and to average 4 feet 6 inches in
thicknesz at Coalmont No. 3 mine, at the south edge of the
Bessemer quadrangle, It probably is # minable bed through-
out the area nnderlain by it in this basin.

FrovrE 12 —3ections of Thompson and Helena coal beds

1. Thompeon eoal, 1 miles epet of Balos efdge | 2 Helowy coad in NE, 4 sec, 10, T. 20 8, 1. 8
Wi B Helena conl In 8W, L sea, 10,°F, 908, 18 0W, | 4, Helenn coal 14 milés snst of Bulns
Brldge; &, Holein toal In dActonamine No. 8, muin gairy ; 6, Helens ooal in Acton ming No, 2,
100 Fent down minko ulope,. Sealod 1 isoh=k foot

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 valunble bed, although its area is small.
(Bee fig. 12, sections 2 and 3, which are taken from Squire.) In
the NW. 1 sec. 2, T. 208, R. 3 W,, the bed is § 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. Tt 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 Helens is o thick bed but underlies
only a small area along the axis of the V-shaped syneline.

YESI0.(%) CoAL

A thin eoal in the Eureka bagin above the Helenn is
probably the Yeshic, which is not known to be minable in the
Bessemer quadrangle.

CODsEA COAL FIELD

The writer has no detailed knowledge of the coals of the
Coosa field in these guadrangles, and in fact no such informa-
tion ig 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 satisfuctory examination could be made.

Cunningham coal bed—On the Cunningham estate, in the
NW. 4 sec. 10, T. 20 8, R, 2 W., u bed of cosl 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=D 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 locality there is but a small aven 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
colnmnar section for the Coosa field and in Figure 5.

Coal sssociated with a stratum of black shale is reported by
A. M. Gibegon on Muddy Prong of Yellowleaf Creek in secs.
34 and 35, T. I8 5, R. 1 E.,,and sec. 4, T. 19 8., R.1 E.
This locality was not visited by the writer, who, however, saw
the bluck shale at other places. A coal bed 18 inches thick
ig also reported by Gibson in the NE. } 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 described in the Birmingham folio.

Clow eval bed.—There ave 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 & Atlantie Railroad just east of Yellow-
lenf Narrows. At this place the bed is G feet thick and dips
steeply to the east, but the conl is so thoroughly weathered
that it is impossible to ascertain the charcter of the bed. It is
unknown elsewhere, but a pit in sec. 32, T. 20 8, R. 2 W,,
may be on the same bed, and it ig mapped as possibly extend-
ing southward to that point.

Howard coal 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
he 2 feet 8 inches to 2 feet 10 inches thick at the Howard farm,
in the SE. | sec. 3, T. 19 8, R. 1 W, but it is not known as a
workable bed elsewhere. It probubly lies in a nearly flat atti-
tude in the bottom of the Dunnavant syneline and thus in a
structurally favorable condition for mining. The Howard is
correlated with the Gould eonl of the Cahaba coal field.

Wolf Ridge coal 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 GO0 feet above the
Howurd 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.

Maritn 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
gteeply it may not be correctly identified st all points on its
supposed outerop. Half a mile south of Calvary Church, in
the highway just north of the bridge across Yellow Creek, the
bied if correctly identified is only a few inches thick. Farther
west, in the S. 1 see. 24, T. 20 8,, R. 2 W, the bed is about 2
feet thick and apparently is all eclear coal. On the Minor
farm, in the SE. } sec. 14, T. 208, R. 2 W, the bed is 3} to
G feet thick but was so badly slomped when it was examined
that reliable detailed measurements could not be made. In the
southwest 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.
(iibeon, ** who examined the bed when the opening was made,
says that the bed consists of solid coal 12 feet 10 inches thick.
At Chelsen 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 gec. 26, T. 198, R. 1 W.
At one place an opening had been driven in a considerable
distance and the bed iz 12 to 14 feer thick, but detailed sec-
tions were not obtainable. At snother 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

"* iiibeon, A. M., Report upon the Coosa conl field with sections, p, 128,
Alabamns Geol, Survey, 1585



Yellow Braneh .anticline, which probably lies near this place.
(See map.) In a long outerop on the Wilder farm, in the
SE. 4 see. 24, T, 19 8, R. 1 W,, aceording to Gibson,®7 this
bed is 4 to 6 feet thick.

MINING CONDITIONS

The eoal 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 henrd very few complaints in regard to these con-
ditions. Neither is there any unusual trouble from water or
pas. The construction of railroads to the mines presents no
great difficultics. 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.

Anadyses of coat from the Warrior and Calaba conl flelds in the
Hessemer- Vandioer district, dla.

[, M. Stauiton, of the T 6 Geol. Sarvey, and B, H, Cooper, of the Burean of Mines, annlysts]
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579, Dolomite No. 2 mine.  Pratt bed, 77-inch cut,
4580, Dolomite No. 2 ming.  Pratt bed, 88inch cut,
4202, Dolomite No. 2 wine, roon 80 off west entry 81, Pratt bed, 483-
ineh cut.
4208, Dolomite Koo 2 mine, east ontry 23 Pratt bed.
4384, Dolomite Mo, @ mine, ron of mine 1. Pratt hed,
4458, Dolowite No, 2 mineg, ran of mine 2. Pratt bed.
(1 Dolomite No. $ mine of Woodward Tron Co.  Pratt bed,
#7171, Acton No. 2 mine, in Acton bagin, 5 miles northeast of Helena,
Helenn bed, G3-inch eut.
A0dE8, Roebuck No. 3 mine of Eureks Coal Co., at Helenn, Helona bed.
#1745, Cealmont wine. Thompson bed, 5%-inch eat,
4768, Prospect in Acton basin, 44 miles northeast of Helena  Thoempson
bied, 154nceh eut on lower Beneh nenr month of slope.
#0488 Roebuck No, 4 wine of Eureka Coal Co., at Helena.,, Thompson
LB
B0482. Coalinont No. 4 mine of Brookside-Pratt Mining Co., at Coalnwmnt.
Thompson bad.
80427, Coalment No. 2 mine of Brookside-Pratt Mining Co..at Coal-
wont,  Clark bed.
744, Falliston mine, balf & mile east of Falliston. Buocek bed, 28-ineh
cuf.
2770, Btar Cahaba Noo 2 mine, 1 mile west of Toacoa. Weathered 3-foot
eut on Wadsworth bed ot entrance to mine.
f0a00, HiEed, Cahaba mine of Birmingham Waterworls Co.  Wadsworth
L.
Bdh. Star Cahaba No. 1 (Elvira) mine, 1 mile west of Sydenton. Gould
bed at 4-foot entry.
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The samples of coal were obtained by channeling the bed
from top to bottom and rvejecting 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 quurt. ‘This sample was
sealed in a galvanized-iron can, in which it was transmitted
to the chemieal 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. Analysis B represents the
sample after it hag been dried at a temperature a little above
the normal until its weight becomes constant. Analysis 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. Analyses B and C are
obtained from analysis A merely by recaleulation, 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 aceuruey as the oltimate 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 determinution
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 avernges 5.2 per cent mois-
ture, 26.6 per cent volatile matter, 65.2 per cent fixed earbon,
5.0 per cent ash, and 0.74 per cent sulphur. The coals of the
Cahaba field average 2.8 per cent moisture, 528 per cent
volatile matter, 7 per cent fixed carbon, 7.9 per cent ash, and
0.92 per eent sulphur.

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

IRON ORE
GROLOGIC AND GEOGRAPHIC RELATIONS

The hematite iron ore of the Birmingham district oecurs 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 ferrnginous shale or
sandstone.

NE BEDS O 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 & minable bed on its
ontcrop 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 Aeton
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 trongh in the Acton basin it is not less than 7,000 feet
and probably is 8,000 feet deep. On its outerop 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 @ general rule by a parting near the mid-
dle. The upper bench, 7 to 12 feet thick, is a fairly uniform
and homogeneous hed 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 41 feet at Sparks Gap, where
the beneh 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
oood ore; in others it has a layer of possibly minable grade
2} to 44 feet thick, as at the Woodward and Sloss mines, east
of Bessemer.

Fda seam.~—The Tda 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
sputh of Clear Branch Gap. The geam 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 metallie iron, and 32 to 42 per cent of silica. The Ida
seam oceurs 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 Peniamerus oblongus,
the internal casts of which resemble the partly open hull of o
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 not of economic value in the
Bessemer quadrangle.

CHARACTER OF THE ORRS

The iron ores of the Red Mountain formation are red hema-
tite, and a3 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 caleium earbonate, silica,
alumina, magnesium carbonate, and other minerals in minor
quantities, The ore with its associated minerals oceurs 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 us bryozoans, erinoids, corals, and brachiopods. These
forms, consisting of broken and waterworn fragments, which
were originally composged of ealeium carbonate, were gathered
by the action of waves and currents into beds and suhsequently
cemented together by ealcium carbonate and iron oxide, the
organic caleinm 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 graing 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
grains have a nueleus of quartz, generally very minute,
about which suceessive layers of iron oxide and in many
graing 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 caleareous, whereas
the oolitic ore may carry higher proportions of silica and
alumina,

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

Chemical composition.—Conditions of blast-furnace practice
determine the grade of material that may be regarded as an
ore, For example, n 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 ealcinm carbonate can be used
ag a flux, although it runs so low in iron and go 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-
cinm carhonate, 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, (.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 ave proportionately
higher.

The analyses in the table on page 21 show a typical hard ore
(No, 1), & 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,
4580, 420, and 240 feet from the mouth of the slope. Beyond
the point at which the material represented by analysis No. 1

4 Burchard, B, F., and Botts, Charles, Iron oros, fools, nod fluxes of
the Birmingham distrelet, Als, with chapter on the origin of the oreshy
E. €. BEekel: U. 8. Geol. Survey Bull 400, 204 pp.; 17 pls., 1910



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

Analysos of dvon ores from the Big seam (of Clinton age), showing grada-
ton from hard to goft ore
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Specific gravity.—The Red Mountain ore exhibits a rather
wide variation in speeific gravity, which is due to variations in
composition and structure, Experiments with l-inch cabes
and lumps of ore show that the specific gravity of certain
southern Appalachian so-called Clinton ores ranges from 2,93
to 3.50. These figures correspond roughly to weights of 183
to 225 pounds per cubic foot and to volumes of 12.25 to 10
cubie feet per long ton,

HEXEFICIATION OF LOW-GRADK ORK

The ore in the lower bench of the Big seam, which is not
mined, containg about the same percentage of metallic iron as
that in the upper bench, but owing to the lurger percentage of
silica and alumina and the smaller percentage of caleinm car-
bonate it ¢an not be profitably smelted at the present prices of
iron. However, this ore can be treated so a= 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 distriet, ean probably be otilized. Much
of this ore may be permanently lost, however, through the
settling of the roof of the pregent mines in the upper bench of
the Big seam, which will make mining the lower bench impos-
gible or o costly as to be prohibitive,

MINING CONIITIONS

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

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

The beds inclosing the ore mike a strong roof” and floor to
the mines, and this feature, combined with the thickness of the
ore and the generally medium dip, are favorable to mining,
The water supply is adequate and near at hand. The mines
are easily necessible by muilrond, 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,

DEVELOPMERTS

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, comes from these
mines, Detailed information on the mines and their produects
is given elsewhere.®®

EIMESTONE AND DOLOMITE

The Chickamauga and Newala limestones and the Ketona
dolomite afford the best rock for lime, flux, cement, and other
uses, The Conasanga limestone should afford rock suitable for
sOmMe Bes,

Chickamauge 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 sumples from an
old quarry half a mile north of Gate City show a composition

_‘-';Fij;um turnished by Bursan of Mines, U. 8. Dept. Commeroe

** Burchard, E. F., and Butts, Charles, Iron ores, fuels, and fluxes of

the Birmingham district, Aln., with vhapters o the origin of the ores by

E. C. Eekel: U. 8. Geol. Survay Bull. 400, 204 pp., 17 pla., 1910, See also
chapters on iron ore in anounl voluines of Mineral Resouroes.
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of about 90 to 93 per cent caleinm carbonate, 2.5 to 6 per cent
gilica, and 1 to 3.50 per cent iron oxide and aluming, The
rock is nonmignesian 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.

Newala limestone~The Newila 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
ealled sandstone by the quarrymen, a very pure calcium car-
honate.  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 beeause the variations shown doubtless exist also
in the Newaln of the Bessemer-Vandiver aren. They repre-
sent the extremes ag well as the general average composition
with sufficient accuracy for all practical purposes. The sun-
ples were collected and the analyses made hy Robert 8.
Hodges, chemist of the Alabama Geological Survey.

Analyzes of Newala Himestong from guarrlés ih Cahaba Valley, Ala.
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The samples for the general average analyses were taken by
chipping pieces from the face of the quarry amounting (o
about 40 pounds and representing a thickness of rock of nbout
200 to 300 feet. The select samples of course represent the
best grade of stone,  As shown by unalysis 5 the hest grade of
stone containg over 99 per cent caleium carbonate. The gran-
ulur layers (sandstone of the guarrymen) are highly magnesian.
The most highly magnesian limestone approaches closely the
ecomposition of dolomite, as shown by analysis G, but the high
content of culcium carbonate of the general average samples
indieates but n small proportion of the high magnesian rock.
For a series of analyses representing sueh a thickness of stone
along an outerop of 10 miles or more, the content of gilica,
alumina, and iron oxide is very low.

Analywex of lime made from Newala lmestone feom Cahaba Valley, Afa
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Ketona dolomite.~The Ketona dolomite yields a nearly pure
caleinm-magnesinm  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 aren in
which the quarries at Thomas and North Birmingham are
located, and the rock iz presumably of equal quality and as
fuvorably situsted for quarrying. There is another uren of
equally good rock exposed around the baze of the Salem Hills
southwest of Bessemer. In Cahaba Valley north of Helena
the outcrop of the Ketona is narrow, indicating a steep dip,
but south of Helena the outerop widens and the dip is prob-
ably not so steep.  On Shoal Creek, 2§ miles sonth of Maylene,
in the Montevallo quadrangle, the rock dips 20° E. and is of
excellent quality—in fact, rather better than in Birmingham
Vallev, 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 {imestone.—Very little is definitely known con-
cerning the quality of the Conssaugn limestone, Specimens
collected from a quarry at Wheeling, near Bessemer, showed
the following composition : %3

Analysiz aqf Comaganga limestone from Wheeling, dla
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N 8 Geol. Burvay Bull. 400, p. 148, 1010,

This analysis is insuflicient to determine the general char-
acter of the Conasaugn 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 manufucture at Boyles, a
few miles northeast of Birmingham.

(uarrying conditions, — Except the Chickamauga, which
erops out on the west slope of Red Mountain, the limestone and
dolomite formations erop 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.
Successful operations, therefore, demand a rather expensive
equipment.

LIME AND CEMEXT

The raw materials of lime and cement sbound but are not
much uotilized. The Newaln, Lenoir, and Chickamanga lime-
stones are saitable 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-
tepec, 30 miles north of Birmingbam, 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.
(Sew analyses in second column.)

The cement plant at Leods obtaing its shale from the Floyd
shale.  Probably much of the shale in the Pottsyille formation
is suitable for cement.

CLAY AND SHALE

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 vuther extensively
utilized for common brick in the vicinity of Birmingham. In
1908 clay of this sort overlying the Conssaugn limestone was
utilized at the Standard Drick Works, 1 mile west of Bessemer.
Shule suituble for making brick is present in enormoug quin-
titieg 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 muterial for rond making, both for
foundations and surfices.  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 ronds. A characteristic
of the Fort Payne which especially facilitates its use for this
purpose ia its minntely fractured condition, at least near its
outerop. It ean be dug or blasted from its beds to consider-
uble 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 tuken 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
# hard, smooth mass. The formation will probably yield chert
practically rexdy for the road at almost any place along its out-
crop, and the supply ensily accessible to transportation along
the east flank of Red Mountain and in West Knd Mountain is
inexhaustible.

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

BUILDING STONE

Abundunt sandstone for rongh masonry occurs in the Potts-
ville formation, Parkwood formation, Hartselle sandstone, and
Hed Mountain formation. A little brown sundstone has been
taken from the Red Mountain formation in the vicinity of
Gate City for superstructuml work,  However, very little stone
of n 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 pmctically no com-
mercial demand for such rock as this region possesses.

EOILS

The Bessemer-Vandiver district has a variety of goils.  The
shale and sandstone of the Pottsville formation yield a soil that
ranges from 4 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 goil down the slopes, The soils are
8 to 10 inches thick and sre underlain by about 3 feet of sandy
clay subsoil that containg fragments of rock. The #oils 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 soil 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 Fori
Payne chert have g soil composed of stony loam which is com-
parstively unfertile on the hills and ridges but is produoctive 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 =oil is generally a white clay loam
full of chunks of chert and bounlders, 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
Connsauga limestone have u reddish, yellowish, or black clay
lonm of good fertility., Locally these areas are low-lying,
poorly drained, and unfit for tillage.

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

The alluvium along the streame ig the best oil of the region,
but it is of small extent.

WATER RESOURCES

Surfuce waler,~The average annual precipitation in north-
eastern Alabama, is 50 to 54 inches. This precipitation is
usually so uniformly distributed throughount 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, und other uses, There are 8 good many large springs
in the limestone areas. Hawkins Spring north of Dessemer,
which has a flow of 2,700,000 gallons daily, is one of the largest.
This indicates u considerable underground circulation in the
limestone. Springs are less common and smaller in the belts
of shale und sandstone, as Shades Valley and the Cahaba coal
field. Here, however, u 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 Conasaugn limestone at Schillinger's brewery, in Bir-
mingham, yield 250 gnllons 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 eoal field and along
the Dunnavant syncline is ideal for artesian wells. The
Shades and Pine sundstones, which should be good water ear-
riers, crop out along the high ridges and underlie the surface
at moderate depths on the flanks or pear the axes of the syn-
clines. It seems almost certain that strong lowing wells conld
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 mountaing from Big Narrows to Donnavant.  The struce-
tural conditions are displayed in structure sections A-A’ and
B-1 for both the Bessemer and Vandiver quadrangles,

Potable and domestic 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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compasition of this water iz shown in the sccompanying table
of analyses, The water from the limesione 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
sumples from the Pottsville areas are of low hardness; they are
freestone waters,

No notable minersl water i known or reported from the
Bessemer-Vandiver aren.

Approaimale annlyses of watery af the Bivmingham diztrict, Ala,
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17, Bhallow woll of Anne Cox. aboul one-fourth mile from Shades Creek.  Floyd shale
15 10, Shaddes Creell ot rosd crosslng rlwpeh Besssiner amd Helens  Floyd shale
2, Ghallow well of Mr. Hrown, aboul ine-hall mils snsl of Shades Creelk: abont 83 feel dewj
Fioyd shiaix,
21 Well il Me, Meowm, about three-fourthe mile enit of Shades Creed: about 33 feet deep.
Fluyd slusle

& Morgan satkon; well ot sohond aboul 6 milen southenst of Pessetner. Floyd shale

8. Wellof Mr. HUL sbont T malles souiheas of Dessetaer, Helons road; aboul 30 feet doep.
Parkwoosd {ormadion.

20 Ehaljow woll of Nr. L., 5 Holllageworih, sl Goeaery's Gop; domestle supply. Farkwood
ur Pottsviile Tormatban,
: 5 Well of 5 5. Doma, & mlles from Dessmer and 2 milles from Cabsis River, Pottsville
Crmat b

. Small apering st cosdsbile o lalf mits saal of Calaba River.  Pollsyills formation

. Trigger Croek, on Nesssmwer gonl Halons road.  Potteville formation,

2 Well st Falliston abaal 13 feet deep,  Poltarille formation

. Well st Falliston wesl of rallrusd, abait 5 foat docp.  Potierills formution

& felesa spricg.  Noms formation?

31, Blallrw well sl [eiens.  Roma formation

. Well of Mr. Rufin as Mebons; oot 8 fesl desp. B formation.

E, Impounding resesvolr of Toanessee Coal & Iood (0.3 sample taken oear intake that suap
il 23,000,000 grallome sbmily.  ottaville formmtien,

B Compemillo sinijds taken from yarioos polisis is bnpoanding resorvolr.  Pottaville for-
mation,

M, Village Crook; swmpls tkon below Jefereon County sewnps disposal plant Pottaville
lierimanll s,

B, Cump Brmach, one foarth mile telow Blgrwater. Pottavitle formation

i Corted Crooks. Potisville Forou ko,

B Tap wabtir from Morels Hotsl, Uiemibghan Water Works, Calinba  River. Pottsville
Tormutlon.

WATER POWER

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

Miseellaneous diveharge mrosurements of streamy in Ressemer-Vandiver

distriot
bate | Blroam | Tritiatary o Loeality ;]Huhunu
Tu0 | '
Jan @ | Dawkisns Bpring - Valley Croel Four miles northenst of Fes- |
=gner. ! 58
“ @ | Cabala Bver Alsbama Hiver —| At Spdimton |[ &0
Mar. = [ 1 [ a0 - — | 5% i iy
LI
Apr. A A ey I | e
] o | e Below  Duck Crook  Bear
Hysbenton H 2T
it | Dhuck Creak | Calinla River .| AL Helena —— 4]
| : |
Wow, 13 | LAtk Cahala Wiver . do AL Tiedger's: mill, Shelby
| sty T, 13
* | . TU— Fles | Debeall  milis abirvs  Des-
haszi's mlll, pear Bridgeion . |
< | v il Al fond below Deshaeo’s mill,
urnr Brldgeton s e
L v ki vl e — | o
= W doy il o FE=LAER =]
Il
A ol as la fa APp— ]
= dn Ao AL Elremimghsm Columbinna
ol rossing, about 1 mibe
ahovamouath . [

Potential hovsepower,—Cahuba River and the larger creeks
arve capable of developing considerable power for gristmills,
sawmills, small eleetric 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 distriet the flow of Cahaba River is of course smaller
and the potential power correspondingly less, though still con-
sideruble. A number of gristmills and sawmills utilizing 10
to 40 horsepower have been operated on different streams.
Buck Creek at Helenn sopplies power for running a small
clectric plant for lighting the town. These plants, however,
have developed but an insignificant part of the possible water
power of the region, Similar small plant: could doubtless be
built on Cahaba River, Shades Creck, Valley Creek, and other
streams, :

. December, 1925.
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LIST OF 1RON MINES
IN RED MOUNTAIN FORMATIOM

Looation indicated on the mmo g nuembee

I. Potter

2 Mo 3 Faimund

2 No 2 Raimund

4. Mo | Reimund

5 Mo | Mussoda

6, Ho. 2 Muscoda

7. Mo, & Muscoda

B Mo 5 Mukcods

9 Hos & Muscoda

10 Mo, | Sloss

i, ‘Mo, 25088

12 No, | Woodwara
i3 MNo. 3 Woodward
14. No. 2 Woodward
15 MHe, &3 Wenomah
1B Mo T Wenonnh

7. No. B Wenanah

i3 Mo, 2 Wenonah
19, No. 94 Weanonah
20, Mo, 10 Wenonah

22. Ho. || Ishkoods
23 Ne. 12 Ishkonda
4 Clinton

25, No. 13 lshkooda
26, Ma. 14 Ishkooda
F gpq; 15 lshkooda
28. uldhn

29, Valley ‘ﬂaw

30, Hedona

41. Shannon slapa

LIST OF COAL MINES
(COAL BEDS IN BLUE ON MAR
Locatian indicaton] n e mad by mimbors
I, Wilam No. 8
Dolomite Mo, 1k
Dolemita Na, 2
Dolomite Na. |
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When it is desirable to mecognize and map one or more
specially developed paris of n formation the parts are ealled
members or by some other appropriate term, such as lentils.

AGE OF 'THE FORMATIONS,

Geologic time—The largest divisions of geologic time are

enlled eras, the next smaller are called periods, and the still
smaller divisions are callod epochs.  Sabdivisions of the Pleis-
tocene epoch are ealled afages.  The age of a rock is expressed
by the name of the time division in which it was formedl,

The sedimentary formations deposited during a geologic
period are ealled a system. The principal divisions of a system
are ealled series.  Any uggregate of formations less than a
series is called a group.

As sedimentary deposits aceumulate successively the younger
rest on the older, and their relative sges may be deterimined by
observing their positions. In muny regions of intense disturb-
ance, however, the beds buve been overturned by folding or
their relations to ullJuc-:nl beds huve been changed by finlting,
#0 that it may be difficult to determine their relative ages from
their present positions ut the surface,

Many stratified rocks contain fossils, the remaing or imprints
of plants and animals which, at the time the stratn were depos-
ited, lived in bodies of water or were washed into them or
were buried in surficiul deposits on the land. Sueh rocks are
aaid to be fossiliferons. A stady of these fossils hus shown
that the forms of life at each [-Ln-:ul of the earth’s history were
to u great extent different from the forms at other perlu-.Eﬂ.
Only the simpler kinds of marine planis and animuls 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 formd life became more varied.  But
during each period there lived forms that did not exist in
earlier limes and have not existed since; these are characlerislic
types, and they define the age of any bed of rock in which
they are found. Other types passed on froim period to period
and thus linked the systems together, forming a clnin of life
from the time of the oldest fossiliferous rocks to the present.
If two sedimentary formations ‘are geographicully so fur apart
that it is impossible to determine their relative positions the
characterigtic 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 distorbance men-
tioned above. The fossils found in the strata of different ureas,
provinees, snd continents afford the most effective means of
combining local histories into a general exrth history.

It is in many places difficult or impossible o determine the
nge of an igneous formation, but the relative nge of such a
formation can in general be sscertained by observing whether
an aegociated sedimentary formution of known age is ent by the
igneous mass or lies upon it. Similarly, the time at which
metamorphic rocks were formed from the oviginal musses may
be shown by their relutions to adjecent formastions of known
age; but the age recorded on the map is thut of the original
masses and not that of their metamor plism.

Symbaols, colurs, and patlerns—Each formation is shown on
the map by a distincetive combination of color and pattern and
is labeled by a special letter symbol.

Patterns composed of purullel straight lines nre used to
represent sedimentary formutions deposited in the sai, in lnkes,
or in other bodies of standing water. Putterns of dots and
circles represent alluvial, glacinl, and eoliun formations, Pat-
terns of triangles and rhombs ure used for igneous formntions.
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 purallel to the structure planes.
Suitieble combination patterns are nsed for metmorphic lorma-
tions that ave known to be of sedimentary or of igneous origin.
The patterns of each cluse ure printed in various colors.  The
colors in which the patterns o' parallel lines are printed indi-
cate uge, & particular color being assigned to ench system.

Esch symbol consists of two or more letters. The symbol
tor a formation whose age is known includes the system sym-
bol, which is & capital letter or monogram; the symbols for
other formations are composed of small letters,

The names of the geologic time divisions, srrnged in order
from youngest to oldest, and the color and symhol agsigned to
each system arve given in the subjoined table.

Feulogie time divisiony and symbole vt culors assigued Lo e rook syste s,
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DBEVELOFMENT AND BIGNIFICAKCE OF SUKFAUE FOREMH,

Hills, valleys, and all other surface forms have been pro-

duced by geologic processes. Most valleys are the result of

erosion by the streims that flow throngh them (see fig. 1),
and the alluvial plains that border many streams were huilt
up by the streams; waves eut sea cliffs, and waves and currents
build up sand spits and burs, Surfice forms thus constitute
part of the record of the history of the earth.

Y

Bome forms are inseparably connected with deposition. The
hooked spit shown in figure 1 is an illostration. To this cliss
belong beaches, alluvial plaing, lava streams, drumling (smaooth
oval hills compoged 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 an ¥ rock.
To this eluss belong abandoned river channels, glacial furrows,
and penepluing.  In the making of a stream terrace an alluvinl
plain is built and sfterward partly eroded away. The shaping
of a plain along a shore is usunlly o double process, hills heing
worn awny (degraded) and valleys Glled up (agpraded).

All purts of the land surfice nre subject to the action of uir,
water, and ice, which slowly weurs them down, producing nuite-
rinl that is earried by siveams towanrd the sea.  As this wearing
down depends on the flow of water to the sea it can not be
earried below sea level, which ia therefore called the base-lovel
of ercsion. Lakes or large rivers may determine base-levels
tor certain regions. A large tract that is long undisturbed by

nplift or subsidence is worn down nearly to hase-level, und the
fairly even surface thus produced is called a peneplain. 1f the
tract s afterward uaplifted it hecomes u record of its former
close relution to buse-level.

THE GHOLOGIC MAPS AND BHEETS IN THE FOLIO,

Areal-geology map.— The map showing the surfuce areas
occupied by the several formntions is called an arcal-geology
mdp. On the margin is an explination, which is the key to
the map. To ascertain the meaning of any color or pattern
anil its letter symbol the reader should look for that eolor,
pattern, and symbol in the explonation, where he will find
the name and deseription of the formation. If he desires to
find any particular formation he should examine the explans-
tion and find its name, color, and pattern and then trice out
the areas on the map corresponding in color and patiern.
The explanation shows also parts of the geologic history. The
names of formations are arranged in colummnar form, grouped
primarily scconding to origin—sedimentary, igneouns, and meta-
morphic rocks of unknown origin—and those within esch
group are placed in the order of age, the youngest at the top.

Liconomicgeoligy map~—The map representing the disiribu-
tion of wseful minerals and rocks and showing their relations
to the topographic features and 10 the geologie formations is
termedd the economic-gealogy map. Most of the formations
indicated on the areal-geology map are shown on the economie-
geology map by patterns in fainter colors, but the arcas of
productive formations are emphasized by strong colors, A
mine symbol shows the loention of ench mine or quarry and
is geeompanied by the name of the principal mineral product
mined or quarried.  If there are important mining industries
orartesinn basing in the area the folio includes special mups
showing these additional economie feutures.

Structure-section sheel—The relations of different beds 1o
one another may be seen in cliffs, canyons, shafis, and other
natural and artifieial cattings.  Any cotting that exhibits these
relations is called a seetion, and the same term is applied 10 a
dingrom representing the relutions, The armngement of the
beds or mmsses of rock in the earth is called structure, and a
section showing this arrangement is enlled a structure section,

Fravrg 2 —Sketeh showing o vertieal pectlon below the surfiaos at the feent
and a view beyond. .
The geologist is not limited, however, to natural and arti-
ficial enttings for his information concerning the earth’s strue-
ture. Knowing the manner of formution of rocks, after tracing
out the relations of the beds on the surface he can infer their
relative positions beneath the surfice and can draw sections
representing the probable strueture to s consideruble depth.
Such o section is illustrated in figure 2.

Bt dslons g oaon-
E lisminte

Masalve pod Lbaddad lgnsons rock.

Fravie . —8ymbols used in seations to ropresent diferent Kinds of roek,

The figure represents a landscape that iz 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 much variation, but those shown in figure 3
are nsed to represent the commoner kinds of rock.

The platean shown ut the left of figure 2 presents townrd
the lower land an escarpment, or front, made up of sandstone,
which forms the eliffs, andl shale, which forms the slopes.  The
broad belt of lower luod is traversed by several ridges, which,
ag shown in the section; correspond to the outerops of a folded
bed of sandstone that rises to the surfice. The opturned
edges of this bed form the ridges, and the intermediate valleys
follow the outeraps of limestone snd caleureous shale

Where the wdges of the beds appete at the surface their
thickness ean be messured and the angles at which they dip
below the surfice can be observed, und by means of these
observations their positions underground are inferved.  The
direction of the intersection of the surfice of 4 dipping bed
with a horizontal plane is ealled itz sfpike.  "The inelination of
the bed to the horizontal plane, messured st right anglua (1
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 anticlines
and the tronghs synelines. As the materials that formed the
sandstone, shale, und limestone were deposited beneath the sea
in nearly flat luyers the fact that the beds are now bent and
folded shows that forces have from time to time eaused the
earth’s ¢rust to wrinkle along certuin zomes. In places the
beds are broken noross and the purts have slipped past each
other. Such hreaks are termed joulls. T'wo kinds of faults
are shown in figore 4.

Fiaung 4.—ldeal sectlons of broken and bent strata, showiog (o) normal
fanlte angl (B) & thrust or reperde Tnuld.

At the right of figure 2 the section shows schists that are
traversed by igneous rocks. The schists wre much contorted,
and the form-or arrangement of their musses underground can
not be inferred. Hence that part of the section shows only
what is probuble, not what is known by observation.

The gection also shows three sets of formutions, distinguished
by their underground relations,  The uppermost set, seen at
the left, is made up of bedsof sandstone and shale;, which lie
in a horizontal position. These beds were laid down under
water but are now high above the se, forming # platenn, snd
their change of altivude shows that this part of the earth's
surfuce bng been uplified. The beds of this set are con-
Sormable—that s, they arve parallel and show no bresk in
sedimentation.

The next lower set of formations consists of beds that are
folded into nrches and tronghs, The heds were onee contin-
uous, but the crests of the arches have been removed by erosion.
These beds, like those of the upper set, are conformable.

The horizontal beds of the platesu rest upon the upturned,
eroded edges of the beds of the middle set, a8 shown at the left
of the section, The beds of the upper set #re evidently
younger than those of the middle set, which must have been
folded and oroded between the time of their deposition and
thut of the deposition of the upper beds,  The upper beds are
mwuwfwnmwu to the middle beds, sud the surtace of contaet
is an unconformily,

The lowest set of formations cousists ol erystalline schisis
and igneous rocks,  Avsome period of their history the schists
were folded or plicated by pressure and introded by masses of
wolten rock, The overlying beds of (he widdle set have not
heen traversed by these intrusive rocks wor buve they been
affected by the pressure of the intrusion. Lt is evident thae
considerable time elapsed berween tho formution of the schists
und the beginning of the deposition of the beds of the widdle
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 erosion between
WO pEnudu of depusition.

The section und landscape in figure 2 ure idesl, but they
illugtrate setwal relations. The sections on the structure-
section sheel wre reluted to the maps in mueh the sume way
that the seetion in the ligare is related 10 the lindseape. "The
profile of the surface in each structure section corresponds to
the actual slopes of the ground slong the scction line, and
the depth to any nl'tuLml-prudnciug or w.iwr-lmring b
shown may be mensurad by using the seale given on the map.

Columnar section. —FMnny folivs include & columuar section,
which contning hrief descriptions of the sedimentary formations
in the quadrangle. It shows the charster of the rocks as well

- as the thickness of the formations aml the order of their neeu-

urnlition, the oldest ar the bottom, the youngest at the top. 1t
also indientes intervuls of time that correspond to events of uplifi
and degradation aml constitute interruptions of deposition,

THE TEXT OF THE FOLLO,

The text of the folio swmtes brielly the relation of the area
mapped to the generl region in which it is situated; poinis
out the sulient natural fextures of the geography of the aren
and indicates their significance and their history ; considers
the cities, towns, rouds, milroads, and other humin features;
deseribes the geology and the geologie history; and shows the
charaeter and the locution of the valuuble mineral deposits.

Giroree OUns SyiTh,

January, 1924, LDirector,



PUBLISHED GEOLOGIC FOLIOS

No.* Nasma of folio. State. Price.} ell] Name of folio. Stata Price
Fants. | Cams
1 | Livingston . . . . | Montana . : Out of stock. 1:zl| Bisbee reprint) . . . . - . . Arizona . . | | 8
2| Ringgold -. .- Georgia-Tennosses don IS | Haok. s« wie -« . « '] “South Dakota .., . 6
5| Placerville .. ...... Calfornia . . . . . do, 34 | DeBomet .o i o e South Dakota . e
4 | Kingston .. ... Tenneasse . do, ’I 118 | Kittaening . . . ... -« - - Pannaylvasia . ., ... ... | Out of stock.
B | Sacramento . oo | Gatifornin. . . 4 da. 118 | Ashoville . .. -« .-«- North Carclina-Tonnesses . | do.
6 | Chattapooga . .+ | Tonnossss . da. 11T | Casselton-Fargs - ... - . . . Nerth Dakota-Minmmssta da,
T | Piles Peak . , . - Calorada . P do. 118 | Greanevills . . . . .. .. .. Tennessns-North Carclina da.
B Sawin® 5 s e Teonessss . ' do. 119 | Faysbtavilles . ..., ..., Arkansas-Missoud . . . .. da,
9| Anthracite-Crested Butte , . | Colorads . . . .. . ... dao, 120 | Siverton - - - - - - -nn == Colorado , . , do,
10 | Herpars Forry . - . Va-Md-W.Va . . " do. 121 | Waynesburg . . . . . Penmsylvanin. . ..., ., da,
11 | Jackson. . 5 - . RO o v a0 e do, 122 | Tahleguah - . . - Oklahoma (Ind. T.) do,
R T Ky -Va-Tonn « o ¢ o «n s do, 125 | Elders Ridge . . . . Penmylvania, . , . ... o,
18| Froderckeburg - Virginin-Maryland . H do, 184 | Mount Mitshsll. , . . . ... HNorth Caroline-Tannasses dio.
14 | Staunton . . . oo | Virginia=West Virginin. | . i 25 | Rural Valley . . . Pennayivania . do,
16 | Lassen Peak - AT o v x a6 5w ane do, 126 | Bradshaw Mountains. . . Artzonm ., , . do.
18 | Knoxville . . , . annuul-Hm-h (ll.rnllm ; dp, 127 | Sondanow), .« . v vonime o Wyoming-South Dul:m do.,
1? Hlﬂl‘"i'ﬂﬁ s " & A 0 WE Gllifﬂﬂ'lll LI L] dﬂ- IH Minq, ------ Wj'n.-ﬁ. M.*Hﬂm AL e e dﬁ.
16 | Smartsvilla. .. . . oo || Califernla . S o da, 190 | RS 5 i s e o 1| (PROOE . & e v e el 8T do,
19| Stevensan: .oaoe 8 e . MI.-T!I‘III.. da, . ol B - T Golorads . , .. ... .., do,
20 | Cleveland: . Y Tonnosses . . . . . d, 131 | Needls Moutitains . ... . .. Colorada & o aias ik da,
91 | Fikaville ..o eom e s | ToUNSESEE 4 o v ui v he s da. 132 | Muscegee.. . . . . . . | Oklahoma (Ind. T3 . . .. do.
22 | McMmnville . . ..o es i Tannessse . . . . . ., do. 1853 | Fbensburg . P Ponnsylvanie . , ., .., ., (.1
25 | Meomnd: o v R Maryland-Virginia . do. | 154 | Béaver.s . . - sl 3 Pennsylvania . . o . o ... do.
94 | Thres Forks T do. 156 | Mepesta: . ox.v.0s Colorade | o do.
8 | ‘Londont . . .. i s i Tanneases o g do, 136 | St Marys. ... ....... err]‘lﬂd—"fhthh e da.
26 | Pocahontas: . . i« « Virginia-Wast "-'irﬁui. ; di. 157 | Dover.... i Dol-Md-N.J .. .... do,
27 | Morrstown . . . . ... - Tehnestas . ... .. .o da, 158 | Radding. .+ . -vs - | California, do.
28 | Piedmont ., .. ... . West Virginla-Maryland, do. 150 | Snoquabmie . . ........ Washington . do.
29 | Mevade City Special. . . . . | Californie: . - - . .. do. 140 | Milwaukee Special . Wisconsin . do.
30 | Yellowstone National Park . | Wyoming . . . . . - - da. 141 | Bald Mountain-Dayten . - Wrmw., aThre do.
¢ bl Pyramid Pealt - - o o< - .. Callfoenlas + s » 4 s a'aaia do. 142 | Cloud Peak-Fort MoKinnay Wyomlng . ... . . ! do.
52 | Frankiin . West Virginia-Yirginia. . " T45: | Mantahaly .. . ....... North Garclina-Tennossea da.
- Tannessss . . . . . . do, 18] Bmlly. < v ueirymnie s Pennsylvania . . . . . . do.
54 | Buckhwanon . . . .. Wast Virginia . . - de, 145 | Lancaster-Mineral Point . . | Wisconsin-lowa-1llinais de.
35 | Gadsden . ... . Alsbams . . .. .. . do 146 | Fogerswille . . : . n:cesn Pennsylvania . : do.
B8 | Pusblo . .-\ -+ .| Colormdo . ... do 14T | Pagah <. - - - s N. Cardlina-5, Carolina do.,
BT | Downierille . . - - . ... .. California.. . - do 148 | Jopiin District (reprint) Mizzouri-Kansas BO
B8 | Butte Special . 3 Montans . . : do 149 | Pencbecot Bay . - b R Out of stock.
B9 | Trocked .- .oy eaan- Caltfornin.. . da, 160 | Dovils Tower. - .+ - . s = - Wyoming . . . do.
40| Wartborg . . .. . ... ... Tennesses . . . . do. 18] | Ruen Mountain , Tannessoe-Narth Caroline do.
41 | Senora . aleliislais = s Galifornin. . . - « do, 152 | Patumsnd .-, =& Md-D.G..... ] ’ do.
2] Mowome. v m i s wnan ms L O do. | 163 | Ouray..... el Colorado . . do.
43 | Bidwell Har California. . « - . . A do. 154 | Winslow . . . ... ....- Ar-Okiz ind, T} do.
44 | Tezewsell . ......- + | Virginis-West Yiegins do. L80 | Ann Arbor (reprint) . . .. - Michigan . 26
45 | Bolse . . ... - aihig i Hdahd . .. . : + do. 186 | Bl Point . - o - vois sn v i $.an,rrﬂlbr ]uw- Cut of stock,
30| Richmond. .« -« «ou 5 Kentucky . . do, 16T | Pasgalo . .\ o v v vmvns = Hwhrurﬂw‘rurk do.
5 (T e S S Kentucky . . . do. 158 | Hoocldand - .. « -5 s : [T R e do.
48| Tenmile District Spocial . . , | Golorado . N do.. | 159 | Indspendence . e \ do.
48] -Howelawrg o o wosse o d b s Oregon . o = . - do. | 160 | Agsident-Grantsville | Md-Pe-W.Va .., .... de.
50 | Holyoks ... .. Massachusotis-Conmeaticut di. 161 | Franklin Furnece i Haow Jersay .. ... ..., do,
£1 | Big Tress. . oo | Californit. -« on o0 v s . da. 162 | Philadelphia . . ... ... Pa-N. J-Def, . do.
B2 | Absaroka. . . . . | Wyoming . do. 165 | SantaCruz, ., . Culifornia. . . , . da,
63 | Standmgstone . TonDeMM® - 4s s &« aliisla d, 1854 | Bolle Fourche < : i oo« South Dakota . . . . . d.
B4 | Tacoma: . - . v -is Washington . . o dee. %168 | Absrdsan-Redfleld South Dakota . ... . . (1]
88 | FortBepon .. . ... . | Montana . . . da, 148 | ElPase. ., .. el fha 17 YT Out of stock,
B6 | ‘Little Belt Mountaine . . ; . | Montana , . s A di SET | Trwtois i e Wl o | MNaw Jaﬂay~Pnnmyi\rl.hll do;
EY | Telurids ooovorowin - . Coloradd vvwn b ainins do. 168 | Jamestown-Tower. . . . .. MNarth Dabots o000y : do.
88| Bimars .. .. ... .. e || Solorada sy 6 g ek N da, 169 | Watkins Glen-Catatonk . . . | Mew Yark ., ., .. .. . do.
69 | Bristal . . . <1+ | Virginie-Tennessos .. .. di 170 | Morcersburg-Ghambarsburg | Pennsylvania . ... .. do.
80 | La Plata . Sl g | =T Y P R e, 171 | Engingsr Mountain. . . . . - Colorada | . da.
8 | Meonterey . . . ..-.¢. . Virginla=\Vest Vieginia, . . . dn, 172 | Warreh ... -« - . ol Pmnl:rlnnin.amw 'rnrl: . da,
82| -Monomines-Special . .. .. | Mishigan o . e e e do. 173 La.unun-Shm‘nﬂ.n Wyoming | NRF do.
65 | Mother Lode District . | SRR . = ans ¢ b e da, 174 | Johnstown . - Punmyhr-nh. do,
1 s Toxas . e da. I¥6 | Birmingham . - Alabama ., ., .. .. do,
68 | Tintic Special .. .. 1 N g da. 176 | Sawickley . . .. ... Ponnsylvania . . . .. . do.
66 | Colfax . ... . California . do. 1¥7 | Burgettstown-Carnegis . Penmaylvania . . | do
B | Dunville . ....c000- llinots~Indinns . . . ., . da. 178 | Foxburg-Claricn . ! Pennaylvania ) | da.
68 | Walsenburg . . Colorado . . .. .. . ), 179 | Pawpaw-Hancock . . . Md.-W. Ve-Fa da,
€8 | Huntington . ... - . - . West Virginla-Ohls . . da. 180 | Claysyille - Pennaylvana do
70 | Washington.. . . . . U, G-Va.-Md : da, i8] | Bismarck. North Dakota . | 28
71 | Spanish Peaks - ... - . 4 Golorado: . 4ie v da, 1182 | Ghoptank - . . . . ... Maryland | . ... 25
T2 | Clarleston . v cou v oo .- Waat Virginia - - do 183 | Llanc-Burnet Texas . . -0 o | Ou of wtock.
70| Coos Bay.. ... Oregony .- - ... T o 184 | Kenovao... . . . Ky -W. ¥a-Ohis ] - B da,
T4 | Coalgats .. ... (Hishoma (Ind. TD. ., da. | 1185 | Murphysboro-Herrin Mincls . . . 25
76 | Maynardvilla . . ... .. . Thonesses . . - , . - & do. %86 | Apshepa ... . Colorads . n BO
78 | Austin . . B\ AR do. (187, By ......... ..| Ga-N.G-Tamn. ... 25
PO Rabiaghc . - ouoailicg e West ¥ rrnll. -'d bolew do. I |188' | Tallula-Springfeld. . TMinwis - . -. £56
78| Fome......... Geargis-Alabama, . . do 182 | Bamesboro-Patton Pannaylvania . . | | 28
79 | Amia. . . . Oklahoma {Ind. T}, . | d I 190 | Ningard......... New York . . . . Ot uf stock.
B0 | Norfolk . . ?mm&ﬂhu+' i, 18l | Reribse. . . .0l Hew Jarnoy il L atartl aie 26
81 | Chiagn. . . .. ... {lnois- Indiana . . do. 192 | Eastport o . . . Maips. . . . W 25
82 | “asontown-Uniontown . . . | Penmaylvaria. . . ..., . do, 183 | San Framcisco . . . Caiifornia . «« 1 | Oul of stock.
85| sow York Gy .on- . . | New York-Now Jersay da, 19| VanHam . « . - cia i w S & “aYh [s | i e 25
B4 rﬂnljl' — - IR s =i b da, 125 | Bellaville-Bresss 1ol . . . 25
88| Owulrichs. . _ . ..::« South Dikota-Nebrasks de, 196 | Phillipshurg Montana . 25
#8 | Hhensborg ... .- .. Washington. . . . . do: 19192 | Golumbos. « o ccusss e P 25
87 | Camp Clarke ‘ MNebraska . . . do, I 198 | Castle Rock . Golorada . . . 25
88 | Scotts Biuff .. _ .. ... Nabraska . . - o8 | 190 | SiverCity . .. ..... New Maxico . 05
B9 | PortOrford .. .... 1T e e T ey (A Oyt of stook. || 200 | Calena-Elfzabsth . ... .. MMinols=lowa . 26
‘90 | Cranberry . . North Carolina-Tennesses da, 1201 | Minneapolis-St Paul . Minresota .. . 4 & S0 b an
91 | Hartvills . ... ... | Wyoming .. ... do, 202 | Eureks Springs-Harrisen Arnmmm.um N 95
92 | Geives . . . | Pennsylvanin-New York . . da, 206 | Colorado Springs. . « . . . . Colarado . e oo | Ouboof atadk.
98 | Elland-Tioga . . Pannaylvinia . ¥ do, 04 | Tolchwetdr .- .o wie - v o (Maryland ... B 28
94 B:rnwmv‘i!la-vﬁnnndillmlla i « | Pannsylvanin . . o, $205 | Debrott . ., . ..o | Michigan . ., ., ., . T4 0
86 | Oolumbis-voic it e vor| Tonnossas o i inlvn do. 208 | Leavenworth-Smithvills . , . | Missourl-Kaian. . . ., . . 28
90 | Olivet. ... ..., .. | South Dakots vy 268 207 | Deming . ... oc0 o Now Mexico . . .. . ..., 265
8% | Parler-. ..o 5w sas o | SouthDaketh ... .., ... 26 208 | Colchester-Macomb . , . . M. . v ve wime ey 28
88 | Tishomingo. - .« .. ¢« o | Oklahama (Ind, T]l ¢ | Out of stock. 209 | Mewel ... . o i S| St Doty L e a 26
a9 Hibﬁhlﬂ ...... - Sauth Dakota TR ITY ¢6 210 | Herman-Momris . . Minnmsobs .o o0 v o8
100 | Alexandra . . . . . South Dakota. . . . ., .., . 25 211 | Elkton-Wilmingion. — Md.-Dal-N, J.-Pa , . ., 28
101 | Semluls ... .. | Califernia. . . 2. i Ot of stoak. 212 | Syracuse-Eakin ... .. o Hoaneaw. . . SR 26
N 08| Idizna .. ..00aeas Pannaylvania . . do. 218 | New Athens-Okawville, AR s e e 37 28
105 | Mampas . . Idaho-Oregan , . da. 214 | Raton-Briliant-Keahler . . _ |  New Manice- *"u1nr|d=u B0
104 | Silver City . . - . . . R0 1 s S ; doi 218 | HotSprings ... ... | AR e 26
Im H‘hﬁl L R L] L IM“IM o W [ W h !‘.E c.ll’l""':mm L] :I“ﬂﬂh """ ﬂ
106 | MountStuart .. . .. | Washingten.. .. .. da 217 | Rag...... 0 e Arigona , . 26
107 | Newcastle .. ........ | Wyoming-South Dakota. do 25| B i o Crogon . . . 25
109 | Edgamant .. ........ Seuth Daketa-MNabraaka do. 218 | Central Black Hills . . _ .. . Sorrth Dakol . . uove e 100
109 | Cottonwood Fails _ . . .| Kan#as . ..., da. 220 | Gillespie-Mount Qlive. . _ _ . DRI T e a8
110 ) Latmobe i . ;.o w2s Pennsylvania. . . . da. 221 | Bessemar-Vatdivar Do Almbama - l B0
111 | Clcha . . . - | Astmna. . do.
i l
* Order by number. | Thass foli=s are alsc published in octavo form at S0 cents wach,
4 Payment must be mads by money order or in cas™ 9 Octavo edition noly of these Tolios s in stock.
{ Octave edition of this folio may be had at same poice.
Circalars showing the Jocation of the ares <overed by any of the above lobos, as well ws information concerning topographic maps and other publications of the Geologics! Survey, may
be had on application to the Director, United States Geological Survey, Washington, D. C,




