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IRON ORES, FUELS, AND FLUXES OF THE BIRMINGHAM
DISTRICT, ALABAMA.

By Ernest F. BurcHARD, CHARLES Butrts, and Epwin C. EckeL.

INTRODUCTION.

Geologic studies of the iron ores of the Birmingham district,
Alabama, were begun by the United States Geological Survey in
1906, in accordance with a plan to prepare special reports on each of
the important iron-ore districts of the southern United States.

The report as here presented is a composite work containing con-
tributions from three geologists. Ernest F. Burchard was engaged
during June and July, 1906, and January, 1909, in field studies of
the iron ores' and mapping of the rocks associated with them, and
has accordingly prepared the bulk of the report, comprising the
chapters describing the red ore, the character and relations of the
red-ore beds, the detailed descriptions of the various portions of
the district, the estimates of red-ore reserves, the discussion of
mining methods, the geologic relations and local descriptions of the
brown-ore deposits, and the maps, sections, and other illustrations
relating to the iron ores of the district.

Charles Butts conducted, during the seasons of 1904, 1905, 1906,
and 1908, an independent investigation of the general geology and
coal resources of the Birmingham region, the results of which will
be published finally as geologic folios. Mr. Butts has prepared
for this report the chapters on general geology and on fuels and fluxes,
and the maps and illustrations accompanying those portions of it.

Edwin C. Eckel, who at the beginning of this work was in general
charge of the iron-ore investigations of the Survey, but who shortly
afterward resigned from the Survey to undertake private work,
has contributed the chapters on the origin of the red ores and of the
brown ores, based on a broad study of both of these ores in the
Appalachian region. .

The term ‘Birmingham district” as here used is based upon
commercial rather than geographic features. "It includes the region
whose mining industries are tributary to those blast furnaces which
are grouped about Birmingham as a center, in distinction from the

9



10 - THE BIRMINGHAM DISTRICT, ALABAMA.

furnaces which are grouped in the Attalla-Gadsden and the Anniston-
Talladega districts.

The district thus limited extends as a long, narrow belt, about
75 miles long and 10 miles wide, trending northeast and southwest,
from the vicinity of Springville and Village Springs at the northeast
to a pomt about 8 miles below Vance at the southwest. Birming-
ham is near the middle of this area.

Within the Birmingham -district are very extensive deposits of
red hematite, large though less extensive deposits of brown ore,
and important beds of coking coal and fluxing limestones and dolo-
mite. In the present report these materials will be taken up in the
order named, the detailed discussion of the ores being preceded by a
brief description of the general topographic and geologic features of
the district.

In the course of this investigation, the geologists employed upon
it were assisted in every possible way by representatives of theiron
and steel companies of the district as well as by many individual
property owners. Maps, analyses, and special data were placed
freely at their disposal by the various corporatlons and individuals
connected with these industries. In preparing this report, the
writers have attempted to utilize the material thus generously placed
at their disposal in such a way as to secure the publication of results
of general interest and importance, while at the same time avoiding
the disclosure of data which might be properly regarded as of a
confidential nature.



GENERAL GEOLOGY.
By Cmartes Burrs.
TOPOGRAPHY.

The city of Birmingham and its suburbs are built in the valley
region of Alabama. This valley region lies between the east side of
the Coosa coal field on the southeast and the Warrior coal field on
the northwest, and its ridge and valley type of topography is in strong
contrast with the irregular, roughly dissected topography of the
Warrior and Plateau coal fields. (See Pl. I.)

The major topographic features of the area under discussion are
the broad anticlinal valley known as Birmingham Valley; Shades
Mountain, which bounds the valley on the east; and Sand Mountain,
known farther'south as Rock Mountain, which bounds it on the west.
Birmingham Valley may be regarded as extending from Springville
on the northeast to Big Sandy Creek on the southwest. Its general
level is 500 to 600 feet above the sea. Along the northwestern part
of the valley is a chert ridge increasing in height and width from
south to north. This ridge is known in the vicinity of Bessemer as
the Salem Hills, north of Bessemer as Flint Ridge, and in Bitming-
ham as Enon or Cemetery Ridge. North of Birmingham the ridge is
not named. The chert ridge lies between two minor valleys, that on
the east of the ridge being known as Jones Valley and that on the
west as Opossum Valley. Jones Valley may be said to extend from
Vance to an indefinite northern end in the vicinity of Chalkville.
Opossum Valley extends from west of Salem Hills northward and is
continuous with Murphrees Valley north of Village Springs. The
median chert ridge of Birmingham Valley increases in height and
width northward, and in the region north of Foster Mountain the
chert is covered by higher rocks until it passes into the plateau known
as Blount Mountain, whose general level is 1,300 feet above the sea.
Blount Mountain separates the valley of Canoe Creek on the east
from Murphrees Valley on the west.

On the east of Jones Valley runs Red Mountain, with altitudes
reaching 1,100 feet, while on the west of Opossum Valley is Sand Moun-
tain, varying in altitude from 700 feet at Birmingham to 900 feet west
of Mount Pinson. From Mount Pinson this ridge extends northward

11



12 THE BIRMINGHAM DISTRICT, ALABAMA.

as the western boundary of Murphrees Valley and becomes 1,150 feet
above the sea at Chepultepec. From Pratt City southwestward
beyond Bessemer this ridge is hardly noticeable; it increases in alti- |
tude southward from Bessemer and reaches 750 feet southwest of
McCalla; where it is known as Rock Mountain.

Along the west side of Opossum and Murphrees valleys from Cun-
ningham Creek northward is a ridge known as West Red Mountain,
which corresponds geologically and topographically to Red Mountain
‘on the east side of Jones Valley. Between West Red Mountain and
Sand Mountain is a deep narrow valley. Likewise on the east side
of Red Mountain is a corresponding valley known as Shades Valley.
Shades Valley is bounded on the east by Shades Mountain and Black-
jack Ridge, which in turn correspond to Sand Mountain on the west
side of Opossum and Murphrees valleys. All these minor valleys—
Jones, Opossum, Murphrees, and Shades—are included within Bir-
mingham Valley.

It is of interest to note here that while in respect to the immediately
" adjacent country Birmingham Valley is really a valley, yet in respect
to the main drainage of the region, Black Warrior and Cahaba rivers,
it is a watershed, which is drained mainly into Black Warrior River
through Blackburn Fork and Gurley, Turkey, Fivemile, Village,
Valley, and Big Sandy creeks, all of which flow westward to the Black
Warrior. ,

The most important features of these ridges from the standpoint of
commercial geography are the gaps through which communication
between Birmingham and the outside world is made easy. Red
~ Gap, between Irondale and Gete City, is the most important, since it
is the gateway to Birmingham from the northeast. (See Pl. IV, 4.)
Through it pass the tracks of all four of the railroads entering Bir-
mingham from that direction. It will suffice to mention a number
of other gaps traversed by railroads, such as Graces Gap, Readers
Gap, and Sparks Gap, through Red Mountain; Stinking Creek,
Abes Creek, Brock Gap, and Genery Gap through Shades Mountain;
and Sayreton Gap and Boyles Gap through Sand Mountain.

STRATIGRAPHY.
GENERAL STATEMENT.

There is given in this place only an outline of the geology of the
Birmingham district. For the areal distribution of formations the
reader is referred to the geologic map (Pl II, pocket). The rocks
exposed range from middle Cambrian to Pennsylvanian (upper Car-
boniferous). The following is a generalized section:



STRATIGRAPHY. 13

Generalized section of rocks in the Birmingham district, Alabama.

Tertiary: ?Lafa,yette' formation. |Present in extreme southwestern part
Cretaceous: Tuscaloosa formation. | of district.

Carboniferous:
Pennsylvanian: Pottaville formatlon (“Coal Meas- Feet.
0 ) T 2,600-7,000¢
Unconformity.
Mississippian:
Parkwood formation............................ 0-2, 000

Pennington shale (30-300 feet).

Bangor limestone (670 feet);
includes Hartselle sandstone
member (100 feet).

Floyd shale....... 1,000

Fort Payne chert........ e 200-250
Unconformity.
Devonian:
Chattanooga shale. } 1-25
Frog Mountain sandstone """"""""""""" T
Unconformity. ] .
Silurian: Clinton (Rockwood) formatlon ................. : 250-500
Unconformity.
Ordovician: Chickamauga (Pelham) limestone............ 200-1, 000
Unconformity.
Cambro-Ordovician: Knox dolomite (includes at base Ke-
tona dolomite member, 600 feet)...................... . 3,300
Cambrian:
Conasauga (Coosa) limestone. ................c...... 1,000+

Rome (Montevallo) formation (great thickness).
7, 851-16, 075
CAMBRIAN AND ORDOVICIAN ROCKS.

In these systems there are included the Rome (Montevallo) forma-
tion and the Conasauga (Coosa) limestone, both of known Cambrian
age; the overlying Knox dolomite, the lower part, of which is regarded
as Cambrian and the upper part Ordovician, though the plane of
division between the Cambrian and Ordovician is unknown; and the
Chickamauga (Pelham) limestone, of known Ordovician age.

CONASAUGA (COOSA) LIMESTONE AND ROME (MONTEVALLO) FORMATION.

The owest Cambrian rocks exposed in this area are 1imes.one and
shale, possibly 1,000 to 1,500 feet thick, so far as can be judged from
the width of outcrop in Opossum Valley. These rocks have been
designated the Conasauga limestone by the United States Geological
Survey, and the Flatwoods or Coosa formation by the Alabama
Geological Survey. They consist of thin-bedded blue limestone
interbedded with shale, which in some sections, as in the vicinity
of Bessemer, carries considerable chert in thin layers. This lime-

. 6'This maximum in Cahaba coal field.
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stone is underlain by a mass of shale of great thickness, which to the
east is known as the Rome formation. Locally it has been called
the Montevallo shale. In this report it is called the Rome formation.

ENOX DOLOMITE—KETONA DOLOMITE MEMBER (BASE).‘

The Knox dolomite includes the rocks between the Conasauga and
the Chickamauga (Pelham) limestone. The formation is prevail-
ingly a dolomite with chert. In the Birmingham region and other
parts of Alabama the lower part of the formation is almost free from
chert, and on account of both this lithologic difference and its eco-
nomic importance it has been separated out as a member from the
mass of the Knox and named the Ketona dolomite member. The
name Ketona is chosen because of the extensive quarry in this member
at Ketona. The Ketona dolomite overlies the Conasauga (Coosa)
limestone with apparent conformity, and is 500 to 600 feet thick along
Opossum Valley east of Birmingham. It is a nearly pure dolomite,
with but little chert. It is thick bedded, crystalline in texture, and of
prevailingly light-gray color. From it is drawn most of the fluxing
rock used in the Birmingham furnaces, and it is therefore described
further under the heading ‘‘Fuel and fluxes” (pp. 194-195).

The rest of the Knox dolomite, 2,700 to 2,800 feet thick, overlies
the Ketona dolomite member conformably. It is composed of dolo-
mite with chert layers, which in places reach a thickness of 10 feet
or more. Possibly one-fourth of the formation is chert.

' CHICKAMAUGA (PELHAM) LIMESTONE.

Overlying the Knox dolomite unconformably is the Chickamauga
limestone, of Ordovician age. It is the same as the Trenton or
Pelham limestone of the Alabama Geological Survey. In Birming-
ham Valley this is a thin-bedded bluish to dove-colored limestone
ranging generally from 200 to*500 feet thick. It has been used for
flux to some extent, and will receive fuller description in the section
on fluxes.

'SILURIAN ROCKS.

CLINTON (ROCKWOOD) FORMATION.

The Chickamauga (Pelham) limestone is succeeded unconformably
by the Clinton formation. The Clinton is one of the important .
formations, since it carries the red ores of the region. It is of Silurian
age, and is nearly the equivalent of the Clinton formation of New
York. It is 200 to 500 feet thick and is composed of shale and sand-
stone in greatly varying proportions. There are present everywhere
one or more iron-ore beds of greater or less importance. The thick-
ness and position of these beds vary greatly from place to place, and
it is doubtful whether the different beds can be identified and cor-
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rectly correlated through any great distance. Detailed descriptions
of the formation at different points, illustrated by sections, will be
found under the heading ‘‘Geologic relations and development”
(pp. 39-54), and to those descriptions the reader is referred for more
complete information.

DEVONIAN ROCKS.

CHATTANOOGA SHALE AND FROG MOUNTAIN SANDSTONE.

The whole Devonian system, many thousand feet thick in the
northern Appalachians, is in this region represented by a few feet of
black shale, the Chattanooga shale, and in places by a bed of sand-
stone up to 20 feet thick, underlying the horizon of the shale. The
sandstone is pretty surely of Oriskany age, since from a thin layer of
quartzite at its horizon in Clear Branch Gap, southwest of Bessemer,
and from other places Oriskany fossils were obtained. This sandstone
is especially well developed north of Trussville, where it carries phos-
phate nodules. It occurs at the same horizon as the Frog Mountain
sandstone of the Rome district, and in all respects corresponds to that
sandstone, although not now continuouswith it on account of strue-
tural breaks. Because of its stratigraphic position and lithologic
similarity it will be called Frog Mountain sandstone in this report.
The Devonian rocks in the vicinity of Birmingham are well exposed
in Lone Pine Gap, Walker Gap, and Graces Gap, where there are
complete exposures from the upper part of the Clinton formation to
the bottom of the Fort Payne chert.

MISSISSIPPIAN (LOWER CARBONIFEROUS) ROCKS.

GENERAL STATEMENT."

Overlying the Devonian black shale unconformably are rocks of
Mississippian or lower Carboniferous age. At the base of the Mis-
sissippian rocks, throughout the whole region, is the Fort Payne
- chert; this is succeeded in Brown and Murphrees valleys by the Bangor
limestone, with the included Hartselle sandstone member, and by an
overlying shale which is correlated on stratigraphic and lithologic
grounds with the Pennington shale to the north. At the southern
end and along the east side of Blount Mountain, and along the east
side of Shades Valley, the Pennington shale is overlain by shales
and sandstones to which the name Parkwood formation is here given

(p-20). South of Boyles Gap in Opossum Valley and south of Ox-
moor in Shades Valley the Bangor limestone runs out and is re-
placed by black and gray shales similar to the Floyd shale to the
northeast. Because of its stratigraphic position and lithologic simi-
larity this shale will be called Floyd shale in this report. South
of Boyles Gap and Oxmoor, therefore, the Mississippian rocks above
the Fort Payne chert consist of the Floyd shale (including the Hart-
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selle sandstone, which persists after the thinning out of the Bangor
limestone and thus locally becomes a member of the Floyd shale) and
the Parkwood formation above the Floyd. The Floyd shale is thus
. the equivalent of the Bangor limestone and the Pennington shale
(PL. IIT). In reports of the Alabama Geological Survey the Floyd
shale and the rocks comprising the Parkwood formation have been
treated together as the ‘‘Oxmoor or shale and sandstone phase’’ of
the upper part of the lower Carboniferous rocks, and the Bangor
limestone has been called the ‘‘Bangor or limestone phase’ of the
same rocks, the two phases being regarded as contemporaneous.®

As a result of the writer’s study of the geology of the region, how-
ever, the conclusion has been reached that only the Floyd shale and
the rocks included by the Alabama Survey in the “ Bangor or limestone
phase’’ are contemporaneous. The Parkwood formation of Shades
Valley and Blount Mountain is absent from the section in Murphrees
and Brown valleys, having been eroded west of Birmingham Valley
before the deposition of the Pottsville or ““Coal Measures,”” so that
they rest unconformably on the Pennington shale.

The variations in the stratigraphy of the Mississippian formations
above the Fort Payne chert are shown in the sections below:

Section_of Mississtppian rocks above the Fort Payne chert in Brown and Murphrees

valleys.
Pottsville formation. : Feet.
Pennington shale.........ooioiiiii i 100
Bangor limestone:
Limestone. ... ..o i 350
Shale............ e e e e el .. 30
Sandstone (Hartselle member)......... .. .......... . ...... 100
Shale. ..o i, 50
Limestone. ..o 160

Fort Payne chert. : N

Section of Mississtppian rocks above the Fort Payne chert mear Trondale.

Pottsville formation. Feet.
Parkwood formation, shale and sandstone ........................ 2,000
Pennington shale, dark, calcareous (?)....ccvveeeeeiiiii . 292

Bangor limestone: )
Limestome. ... .cn ot 317
Shale, soft, dark, calcareous (?)........... e 39
Sandstone (Hartselle member)................o..oooiiLt 117
Shale, dark, calcareous (?)........oouieiiiiiiii .. 97
Limestone.......... e e e e, 88
Fort Payne chert. i
. 2,950

Still farther south, in the vicinity of Readers Gap, borings show
only dark shale, probably calcareous, in the 500 feet immediately over

e McCalley, Henry, Report on the valley reglons, p. 53; and Geological atlas of Alabama.
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2 (feet)
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':"-1' Parkwood formation C 1,500 o Same description asin 4
< Pennington shule............evvevnens ...| Cpsh Gray, green, und red shale, with a little chert and some “ P 2,000 .
8 ‘ sandstone and conglomerate. Highly fossiliferous.
E Prevailingly thick-bedded, light-gray crystalline lime- Gray, dark, and black shale, calcareous ut horizons. Con-
?é Bangor Hmestone ..........ocevvuviienns Cbl e 700 stone. Hartselle sandstone member and shale in tains beds of sandstone and lenses of limestone. Highly
g & :“‘.}%5;';0 %Ile)rges ﬁ;lI'Ol:I{)hISDM‘h]lagilY' ]Chgl‘f')’_lliién%m"e Lo fossiliferous throughout. Kqulvalent to the Bungor
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3 coarse and friable.)
Fort Paynechert............ coeevinnnnne Mostly thin-hedded chert; locally thick bedded at bos- Fort Paynechert.......| Cf 200:t=
y . Clp 200 tom. Generally fmgi]e'. Fossiliferous. P
Unconformity
Sd v
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A : étfg with phosphate nodules and fossils. .
- ‘Unconformity %
x|
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x|
=)
2
. [S .
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] 1000 Rt

B. In southern part of Birmingham znd Shades valleys; section below Floyd shale is same as in A
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the Fort Payne chert. The well logs are corroborated in the main
by all that can be seen of the formation. South of Boyles Gap.and
Oxmoor good sections and accurate measurements of the rocks under
discussion are not obtainable. A compiled section for the region
south of Oxmoor, probably a close approximation, is as follows:

~ Pottsville formation. Feet.
Parkwood formation, shale and sandstone....................... 2,000
Floyd shale:
Shale,some calcareous, sandstone, and limestonelenses...... 700
Sandstone (Hartselle member)............ ... ... ... 100
Shale, dark, calcareous. . ... ... ..., 200
Fort Payne chert. . —_—
3,000

FORT PAYNE CHERT.

The Fort Payne chert lies unconformably upon the Chattanooga
shale. The name is taken from the town of Fort Payne, in De Kalb
County, where the formation is well developed.

The formation is made up of chert layers from a few inches to 2
feet in thickness, generally separated by thin partings of shale. Some
of the layers are very even surfaced, especially the thicker ones, but
generally the layers are very rough and uneven surfaced. The chert
is generally of a yellowish color, though much-weathered pieces are
commonly whitish, with small red blotches. It is very brittle and
breaks easily. It is so much fractured in places that it can be blasted
out to a depth of 100 feet in a condition to be used for road surfacing
without further preparation other than a few blows of a sledge for the

.larger pieces. The thickness of the formation ranges from 125 to
200 feet and possibly a little more in some sections. About 140 feet
is exposed in Dale Gap. At Blount Springs the thickness appears
to be 250 feet. Well borings in Shades Valley show 125 to 200 feet
of chert and limestone in the formation.

BANGOR LIMESTONE.

The Bangor limestone takes its name from the town of Bangor,
Ala. As shown in the sections (pp. 189, 191) it is lithologically
composite, being made up of limestone, sandstone, and shale, the
limestone predominating.

Limestone and shale.—The limestone is thick bedded and mostly
crystalline, but oolitic layers occur. If is generally light gray in
color. Most of the limestone is of a high degree of purity, as shown
by the analyses (pp. 190, 191). Limestone both from above and
below the Hartselle sandstone member has been used for flux. Some
_shale and clay occur within the limestone; a bed of red shale 10 feet
thick is near the top, and a bed of gray shale and clay 3 feet thick
lies 100 feet below the top in the auarr—at Dale. Running through

88943—Bull, 400—10—2 ’
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the limestone is a persistent sandstone (Hartselle), next to be
described. The sandstone is accompanied both above and below
by persistent beds of dark or black fossiliferous shale. These shale
beds, as well as the sandstone member, are well displayed in Red
Gap at Gate City. The Bangor grades below, through slightly
cherty limestone, into the Fort Payne chert. A-little chert occurs
in places in the limestone above the Hartselle sandstone member.

The limestone of the Bangor is known to extend south along the
west side of Birmingham Valley to Boyles Gap, and along Shades
Valley to Graces Gap. At Boyles Gap the limestone is 50 to 100
feet thick, but at Sayreton Gap, 2 miles southwest of Boyles Gap,
hardly a trace of it can be seen. -It is completely replaced by the
shale here called Floyd shale, which persists southward to Big
Sandy Creek, with the Hartselle sandstone member running through
it. At Graces Gap, in Shades Valley, there is known to be a
considerable thickness of limestone, but in the vicinity of Readers
Gap only shale, possibly with thin limestone layers, occurs in the
/500 feet above the Fort Payne chert. The Bangor limestone thus
passes laterally completely into the Floyd shale between Graces Gap
and, say, Readers Gap. This passage is expressed on the geologic
map by the merging, in Shades Valley west of Bessemer, of the
patterns by which the areas of the two formations are represented.

Hartselle sandstone member.—About 200 feet above the bottom of
the Bangor limestone is the Hartselle sandstone member, 100 feet
thick. This sandstone varies from fine grained and hard to coarse
grained and friable. The latter phase is well exhibited in Red Gap,
where the rock is utilized for sand, being so soft as to pulverize in
the hand. :

The Hartselle sandstone is one of the most persistent divisions in
the region, being present in Blount Valley, Murphrees Valley, and
along the west side of Birmingham Valley to Readers Gap, and per-
haps farther south. It forms the sharp ridge back of the hotel at
Blount Springs, and that making Little Sand Mountain, southwest
of Trussville. This name replaces ‘‘Oxmoor’’ sandstone, as used in
northeastern Alabama.

PENNINGTON SHALE.

The name Pennington is here applied to the shale which in Brown

. and Murphrees valleys intervenes between the Bangor limestone and
the ‘‘Coal Measures,” and in Shades Valley between the Bangor
limestone and the base of the Parkwood formation. The name is
from Pennington Gap in Virginia. This shale has been mapped from
the type locality in Virginia to a point west of Knoxville, Tenn.,
and is known to occur at numerous points between that locality and
the Birmingham district. On stratigraphic and lithologic grounds,
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therefore, this shale in the Birmingham district is correlated with
the Pennington shale.

In Brown and Murphrees valleys the Pennington is mainly gray
shale 50 to 100 feet thick, but there are layers of red and green
shales and a little chert locally. In Shades Valley it contains dark
or black and gray shale, a little chert, pink shaly sandstone, and one
layer at least of fine conglomerate, in all about 300 feet thick.

In Shades Valley the top of the Pennington is at the base of the
heavy sandstone making Little Shades Mountain and Bald Ridge
west of Oxmoor and at the base of the ridges bounding the valley
on the east from Irondale to Trussville and beyond. The part of
the Bangor limestone above-the Hartselle sandstone, together with
the Pennington shale, thus practically coincides with the flat land of
Shades Valley north of Oxmoor, as the Floyd shale does south of
that place. The Pennington passes into the Floyd with the Bangor-

limestone.
FLOYD SHALE.

This name Floyd was introduced by Hayes for a mass of black
shale in Floyd County, Ga. This shale corresponds in character, and
apparently in stratigraphic position, to the dark and black shale in -
the southern part of Birmingham Valley, into which the Bangor
limestone and Pennington shale pass, as described above. The name
Floyd is therefore used for the corresponding shale of this region.

~ The Floyd shale outcrops along the west side of Birmingham
Valley from Sayreton Gap to Big Sandy Creek, with the Hartselle
sandstone persisting as a member, with the same characters it pos-
sesses in the Bangor limestone, as described above. The Floyd like-
wise extends along Shades Valley and the west side of the Cahaba coal
field from west of Bessemer to Schultze Creek, where all the Paleozoic
rocks pass beneath the Cretaceous cover. Only the Floyd occurs in
Little Cahaba Valley east of Leeds, no Bangor or Pennington being
present there.

The Floyd is composed chiefly of shale. It includes a little fine-
grained sandstone, at one horizon a thin fine conglomerate, and at
many points and horizons thin limestones. Pink sandy shale, gray
shale, and dark to black shale occur. The dark shale is largely cal-
careous, and the black shale probably somewhat carbonaceous. The
shale is highly fossiliferous, and the fossils persist up to the bottom
of a hard, siliceous, blocky sandstone that was traced continuously
from Bald Ridge south to a point west of Bluff Ridge Church. Above
the base of the sandstone the rocks are markedly different, mostly
siliceous, entirely ‘noncalcareous, and nearly nonfossﬂlferous The
top of the Floyd is placed, therefore, at the base of the above-
described sandstone. The Hartselle appears to be absent from the
Floyd south of Readers Gap.
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The thickness of the Floyd is not well determined, but can not be
less than 1,000 feet, since its equivalent Bangor and Pennington are
nearly 1,000 feet thick at Irondale, as shown by a bore hole.

PARKWOOD FORMATION.

As already mentioned, in Shades Valley and along the south end
and east side of Blount Mountain are shales and sandstones, varying
in thickness from 200 or 300 feet on the east side of Blount Mountain
to 2,000 feet on the east side of Shades Valley, which have been in-
cluded by the Alabama Geological Survey in ‘‘Oxmoor or shale and
sandstone phase, contemporaneous, of the upper part of the lower

. Carboniferous.”®

The shales and sandstones here considered have.no representatlves
in Birmingham, Murphrees, and Brown valleys above the Bangor,
and, in the writer’s judgment, should be treated as a distinct formation,
and they are so treated here. The reasons for this treatment will be
fully stated in the Birmingham folio, soon to appear. To these rocks
the name Parkwood formation is here applied, from the town located
near the middle of the outcrop of the formation in Shades Valley.
The Parkwood formation is defined as including the 1,500 to 2,000

‘feet of shale and sandstone lying above the bottom of the heavy
sandstone making Little Shades Mountain and Bald Ridge one-half
mile west of Oxmoor, and beneath the Brock coal bed near the crest
of Shades Mountain.

The Parkwood formation is composed entu."ely of shale and sand-
stone very similar to the ‘‘Coal Measure’” rocks. It differs from
the Bangor, Pennington, and Floyd in being entirely without cal-
careous matter and destitute of fossils. - Shale predominates in the
formation. It is generally gray or greenish, and sandy. Sandstone
strata up to 100 feet thick occur and are generally made up of layers
that are thin or of medium thickness. Most of the sandstone is fine
grained, but some beds of coarse, highly siliceous sandstone occur.

The name ‘‘Oxmoor’”’ would be quite suitable for these rocks,
since that town is located near the center of their outcrop in Shades
Valley, but as the name has been used in two different senses already
its adoption would lead to further confusion.

PENNSYLVANIAN ROCKS.
POTTSVILLE FORMATION (‘‘COAL MEASURES’’).

" Unconformably overlying the Parkwood formation are the coal-
bearing or Pennsylvanian rocks, of Pottsville age. Along the south-
east margin of the Warrior field is a stratum of sandstone 100 to 600
feet thick, making Sand Mountain from Birmingham northward,

aMcCalley, Henry, Report on the valley regions of Alabama, pt. 2, 1897, p. 53; and Geological atlas of
Alabama,
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and Rock Mountain from Valley Creek southward. Along the north-
west margin of the Cahaba field a sandstone of similar character, per-
‘haps identical with this, makes the ridge known as Shades Mountain
or Black Jack Ridge. This sandstone is the Millstone grit of the
Alabama Geological Survey. It is a coarse, siliceous, conglomeratic
sandstone below, grading into a fine-grained, more thin-bedded sand-
stone above. '

The remaining Pottsville rocks are shale and sandstone with coal
beds. In the Warrior field these rocks are about 2,600 feet thick,
while in the Cahaba and Coosa fields they are much thicker. In the
Woarrior field the position of the important coal beds is as follows:

Six hundred to 800 feet above the basal sandstone described above
is the Black Creek coal bed, with the Jefferson bed close above.
Three hundred to 400 feet above the Black Creek coal is the Mary Lee
coal; 500 to 700 feet above the Mary Lee coal is the Pratt coal; and
about 800 feet above the Pratt coal is the Brookwood coal. Close
below each of the last three coal beds named are other coal beds,
constituting respectively the Mary Lee, Pratt, and Brookwood
groups of coal, the relations of which appear in the sections in Plate
XV. The important coking-coal beds are elsewhere described in
more detail, pages 170-174. )

STRUCTURE.
" BIRMINGHAM VALLEY.

General relations.—The geologic structure of Birmingham Valley is
in general anticlinal, with a comparatively shallow syncline extending
along the middle. On the southeast the rocks of Shades Mountain
and Blackjack Ridge dip uniformly about 15° SE. into the Cahaba
coal field. The rocks of Sand Mountain, on the west side of Mur-
phrees Valley, dip 15° NW. as far south as Village Springs; thence
southward the dip increases, becoming vertical at Cunningham Gap;
thence to Dolomite the rocks are generally overturned, with a dip of
50°to 70° SE. The overturned rocks are finely exposed in Sayreton
and Boyles gaps. Southwest of McCalla the rocks of Rock Mountain
dip normally northwest at high angles.

Passing northwest through Birmingham, across Birmingham Val-
ley from Shades Mountain to Sand Mountain, southeast dips prevail
to the middle of Jones Valley or a little farther, then the dip is reversed
and becomes northwest as Enon Ridge is approached. On the west
side of Enon Ridge the dip is again southeast, and southeast dips
prevail across Opossum Valley to Sand Mountain. The main struc-
ture is thus shown to be anticlinal, with a low syncline along the me-

- dian line of the anticline, marked by the chert ridges from Salem
Hills northward. This median syncline becomes deeper northward
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and in Blount Mountain carries the
whole series of formations up to the
Carboniferous.

Faults.—The simple structure

outlined above is complicated by
faults. One of these extends along
the east side of Enon and Flint
ridges from Birmingham to Haw-
kins Spring, about 3% miles north-
east of Bessemer. Along this fault
the Cambrian limestone is thrust up
to the northwest into contact with

the Knox dolomite, cutting out the -

outcrop of the Ketona dolomite

member, as shown on the map (P1. -

IT). On the west side of Opossum
Valley an overthrust fault cutting
out the west limb of the anticline
extends from Mount Pinson to
Vance. Along this fault the Cam-
brian rocks are thrust up into con-
tact successively with all the higher
formations until in the vicinity of
Wylam they are in contact with
Carboniferous rocks. Along this
fault from Thomas southward com-
pound faulting occurs with the for-
mation of small fault blocks contain-
ing the Clinton and other formations,
asshown infigure 2. About 2 miles
southwest of Dolomite this fault
divides, one fork running eastward
and probably passing into the anti-
cline that in the vicinity of Adger
and Johns separates the little basin
from the big basin in the Warrior
coal field, the other running to the
south and continuing to Vance.
A minor fault runs along the west
base of McAshan Mountain, the
Clinton (Rockwood) formation
being dropped down into contact
with Knox dolomite on the west.
Southwest of Vance another fault
drops the Fort Payne chert down
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" into contact with Chickamauga limestone on the east. (See map,
PL II, and section, fig. 10.) The structure southwest of this region
" is very complicated and is rather fully outlined on pages 105-106,
so further description will not be given here.

On the east side of Murphrees Valley is another great strike fault
which, unlike those just described, brings younger rocks on the east
into contact with older rocks on the west.

Besides the strike faults thus described there are a number of
minor cross faults which are probably normal and which offset the
‘outcrop of the formations which they cut. Conspicuous examples of
these are the faults shown on the geologic map (Pl. IT) at the south

H Ensley |

FIGURE 2.—Sketch map showing faulted areas of Clinton and other formations in the vicinity of Pratt
City, Ala. Sc, Clinton (Rockwood) formation; Oc¢, Chickamauga (Pelham) limestone; €0k, Knox
dolomite; €c, Conasauga limestone; Cp, Pottsville formation (‘‘ Coal Measures’’); Cps, basal Pottsville
sandstone; Cf, Floyd shale; Ch, Hartselle sandstone member; Cfp, Fort Payne chert.

end of Blount Mountain, the one at Mount Pinson, and the one at
Red Gap between Gate City and Irondale..

SHADES VALLEY.

The geologic structure.of Shades Valley is a matter of importance
on account of its bearing on the depth and condition of the red-ore
beds that underlie the valley. In the structure section (fig. 1) the
rocks of Red Mountain and Shades Valley are represented as dipping
regularly southeast at an angle of 15°. The drawing is warranted
by the dip of the rocks on both sides of the valley as well as by the
dip at many points in the valley itself. Since, however, a dip of 15°
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would give a depth of 1,500 feet. to the Clinton formation and a
thickness of 1,200 feet for the Bangor limestone and Pennington
shale on the east side of Shades Valley, doubt is cast upon the cor-
rectness of the assumed average dip. Near the east side of Shades
Valley, Clinton ore is reported at 1,200 feet.

Considerable structural irregularity is thus indicated, and this
conclusion drawn from the plotting of the section is confirmed
by observation in the field, though on account of lack of exposures
only a very meager knowledge of the structure has been obtained.
On Shades Creek, 8 miles south of Bessemer, dips of 20° to 25° NW.
were ‘observed, and showed the presence of two folds at least which
interrupt the general southeast dip. One of these anticlines undoubt-
edly extends up Shades Creek to the Southern Railroad, where a bore
hole reached a red-ore bed at less than 200 feet below the.surface.
A considerable expanse of coarse-grained, light-gray limestone which
lies along Shades Creek in this region looks like the limestone
between the Fort Payne chert and Hartselle sandstone; if it is such
it shows the existence of an anticline by which it is brought to the
surface. Fort Payne chert is exposed along the Southern Railroad
near Canaan Church. Exposures are fairly good in Shades Valley
from the latitude of Readers Gap south, and the rocks can be seen
to lie nearly flat over wide areas, a fact that is indicated by the wide
area of the Floyd shale in that region. Just north of Readers Gap
there are evidences of minute puckerings of the strata. A short
distance south of Halls Spring the Hartselle sandstone is folded into
a small U-shaped syncline, and near by is a narrow outcrop of vertical
rock. On the Louisville and Nashville Railroad, about one-half
mile south of Graces Station, a sharp overturned fold is exposed in
a cut (Pl. IV, B). At a number of points very steep southeast dips
were observed.

Besides the features mentioned above, a number of faults, of

greater or less magnitude, and a good many flexures have been
encountered in the various ore mines of the region. The facts cited
go to show that the structure of Shades Valley is irregular, though
it is impossible, owing to the general concealment of the strata, to
give any detailed account of the number and magnitude of the
irregularities. There may be many small irregularities or a few
great ones, or there may be both, the last being the most probable
supposition.
" In planning future operations beneath Shades Valley, the impor-
tance of taking into consideration the certainty of some structural
irregularities, and the possibility of other and perhaps greater ones,
and their effect upon the expense of ore mining, will be apparent
from the foregoing description.
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A. RED GAP AT GATE CITY, ALA.

Looking eastward toward Birmingham.
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B. ANTICLINE OVERTURNED TO NORTHWEST.

Louisville and Nashville Railroad, one-half mile south of Graces Gap.
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WARRIOR COAL FIELD.

Along the southeast margin of the Warrior coal field the rocks
dip steeply to the northwest on their outcrop, but the dip gradually
diminishes to thenorthwest, and about one-half rile from the outcrop
the rocks become practically horizontal. The dip on the outcrop
varies from 15° to verticality. The rocks in the interior of the
field are not absolutely flat, but are slightly folded into broad anti-
clines and synclines, and in general dip slightly southwest. These
slight structural irregularities, however, present no obstacles to coal
mining. The rocks of the basin are broken by faults trending
northwest and southeast, in a direction nearly perpendicular to
the margin of the field. A number of these faults have been encoun-
tered in mining west of Birmingham; others are known south of
Brookwood, and it is likely that they exist all along the southeast
margin of the field. The throw of these faults varies, the greatest
being probably less than 200 feet. The fault planes are nearly
vertical. Some of these faults scarcely exceed 1 mile in length,
others may reach 5 miles or more. In some places mining oper-
ations have extended around one or both ends of a fault, and they
are thus shown to begin with a slight throw, which increases to a
maximum, then diminishes until the fault disappears at the oppo-
site end. Probably they are all of this character. The faults do
not damage the coal, which can be mined out right up to the fault
plane, though of course they interfere considerably with coal mining
and make it more expensive.



CLINTON ORE.

CHARACTER.

By ErxEsT F. BURCHARD.
MINERALOGY.

The Clinton iron ore, so named from its typical occurrence in
sedimentary rocks at Clinton, N. Y., and in strata of equivalent
age in other parts of North America, belongs to the class of iron -
oxides known as red hematite. (See Pl." V.) It includes the
structural varieties known as red fossil and oolitic ore. The mass
of the ore is amorphous red hematite mixed with calcium carbonate,
silica, alumina, magnesium carbonate, and other minerals in minor-
quantities.

STRUCTURE.

The structure and mineralogy of the Clinton ore are closely re-
lated features of the deposits. The ore with its associated minerals
occurs in lenticular beds analogous to strata of sandstone, shale, and
limestone, and interbedded with such rocks.

The fossil ore consists of aggregates of fossil organic forms such:
as bryozoans, crinoids, corals, and brachiopods. (See Pls. V, B, and
VI, A.) These forms were evidently at one time principally calcium
carbonate, and they have been replaced partly or wholly by ferric
oxide. The fossil material, much of which consists of broken and
waterworn fragments, evidently was gathered by the action of
waves and currents into beds, and subsequently cemented together
by calcium carbonate and ferric oxide. More or less clay material
has been likewise included in the beds during their formation, and
this commonly exists as thin seams of shale.

The oolitic ore consists of aggregates of flat grains with rounded
edges, somewhat of the size and shape of flaxseeds. - (See Pls. V, 4, and
VI,B.) Thesegrains 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 calcium carbonate. The flat grains have a nucleus
of quartz, generally very minute, about which successive layers of
iron oxide, and, in many instances, very thin layers of silica and
aluminous material have been deposited. One of the two varieties
of ore generally predominates in a bed, but in certain localities the
fossil and oolitic materials are mixed in nearly equal proportions.
The fossil ore, where unweathered, as compared with the oolitic ore

26
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CLINTON ORE. 27

in the same condition, is apt to be the more calcareous, while the
oolitic ore may carry higher proportions of silica and alumina.

A characteristic of the Clinton ore that is secondary rather than
original is that where weathered or acted upon by surface waters
the lime carbonate is dissolved out of the beds, thereby increasing
the content of iron oxide, silica, and other constituents proportion-
ately. Such altered ore is popularly termed ‘‘soft ore,” and appro-
priately, too, for where altered it is usually porous and friable as
compared with the unaltered material, which is termed ‘‘hard ore.”
The alteration of the ore beds takes place along the outcrop and to
distances of a few feet to 400 feet, depending on the attitude of the
beds and on the thickness and permeability of their cover. The
quantity of the soft ore is small as compared to that of the hard
ore, and owing to its higher content of iron and its greater accessi-
bilit‘,y much of the soft ore has already been taken in mining, so that
in the future the reserves of this variety of ore W111 steadily decrease

in importance. o
. CHEMICAL COMPOSITION.

Conditions of blast-furnace practice define the grade of material
that may be regarded as an ore. For instance, a lower limit of metal-
lic iron and a higher limit of impurities may be allowed in a limy
ore than in one that contains but little lime. In localities where
brown iron ores are available for mixing with Clinton ores, an ore
of the Clinton class can be used as a flux in many instances, although
it runs so low in iron and so high in lime that it might not be re-
garded as acceptable in districts where no brown ore can be used.
In general, the hard and semihard ores used to-day in the Birming-
ham district range in percentages of major constituents as follows:
Metallic iron, from 32 to 45 per cent; lime oxide, from 5 to 20 per
cent; silica, from 2 to 25 per cent; alumma from 2 to 5 per cent;
m&gnesia, from 1 to 3 per cent; phosphorus, from 0.25 to 1.5 per cent;
sulphur, from a trace up to 0.5 per cent; and water, from 0.5 to 3 per
cent. The ore is therefore of non-Bessemer grade. Small quantities
of manganese are found in the ore in places. The content of this
mineral seldom exceeds 0.25 per cént. In the soft ore the lime
generally runs less than 1 per cent, so that the percentages of the
other constituents are proportionately higher. :

SPECIFIC GRAVITY.

The Clinton ore exhibits rather wide variation in specific gravity
due (a) to variations'in composition, and (b) to variations in struc-
ture. By experiments with l-inch cubes and lumps of ore the
specific gravities of certain southern Appalachian Clinton ores have -
been found to range from 2.93 to 3.56. The above figures corre-
spond roughly to weights of from 183 to 225 pounds per cubic foot,
and to volumes of 12.25 to 10 cubic feet per long ton.
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ORIGIN.
By Epwin C. Ecker.
OPPOSING THEORIES.

GENERAL STATEMENT.

For many years the origin of the oolitic and fossil ores which occur
in rocks of Clinton age has been much discussed. Disregarding minor
points of difference it may be said that the various theories which
have been advanced to account for the origin of these ores can be
reduced to three. These three opposing theories are, briefly stated,
as follows: o

1. Original deposition: The ores were formed at the same time as
the rocks which inclose them, having been deposited in a sea or basin
along with the limestones, sandstones, and shales which now accom-
pany them. '

2. Residual enrichment: The ore beds are merely the weathered
outcrops of slightly ferriferous limestones, the lime having been
leached out above water level, leaving the insoluble portion of ‘the
limestone in a concentrated form.

3. Replacement: The ores are of much later origin than their inclos-
ing rocks, having been formed by the replacement of original beds of
limestones by iron brought in by percolating waters.

PRACTICAL IMPORTANCE OF THE QUESTION.

In addition to the questions of purely geologic interest which are
connected with the differences of opinion as to the origin of the Clinton
ores, the matter has a decidedly practical bearing on the working of
the ores. . This phase of the subject may be stated as follows:

If the ore deposits are due to the replacement or surface decay of a
limestone, they can be expected to decrease rapidly in value with
depth, becoming lower in iron.and higher in'lime, until at no great
depth the bed will consist entirely of unaltered limestone.

If, on the.contrary, the ore deposits are original, no such regular
decrease in richness is to be expected as the mines are driven deeper.
Patches of low-grade ore may be struck, but these will be due to
original differences in the richness of the ore, and a slope might pass
downward through such a patch of lean ore into another area of high-
grade ore. -

ERRONEOUS STATEMENTS REGARDING ALABAMA ORES.

Pumpelly, as well as a few earlier observers, accepted the secondary
~ origin of the Clinton ores on purely theoretical grounds. This left
the matter open for discussion, and Smyth’s views favoring a depo-
sitional origin would probably have gained ready acceptance if two

3
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errors, one of observation and one of interpretation, had not been
introduced at this stage into the literature of the subject.

The errors noted were derived from statements in papers by J. B.
Porter and I. C. Russell, respectively. ’

In 1887 Porter made a statement which has often been erroneously
adduced in support of the ‘‘residual” hypothesis and which may
have been the direct cause of Russell’s error. The statement is as
follows:

An interesting confirmation of the theory that lime increases in the red ore as it is
mined downward is given by one of the ore properties of the Sloss Furnace Company,
near Birmingham, as shown in the accompanying table. * * * At the time of the

analysis the mine. was 130 feet deep on the ore, and the following figures give the
percentage of carbonate of lime for each 10 feet descent:

Surface...eceeeeeeeaancannn. Trace. | 70 feet below surface...... 25. 61
10 feet below surface....... Trace. | 80 feet below surface...... 29. 92
20 feet below surface....... Trace. | 90 feet below surface...... 29.89
30 feet below surface....... Trace, | 100 feet below surface...... 23.37
40 feet below surface........ 21. 06 | 110 feet, below surface...... 28. 82
50 feet below surface........ 23.90 | 120 feet below surface...... 21. 32
60 feet below surface........ 37.01 | 130 feet below surface...... 30. 55

With our present knowledge of the Birmingham ores we can readily
see that all this table shows is the usual rather abrupt change from
soft to hard ore, occurring here at a point 40 feet below the surface—
a change to be expected and in no way connected with the theoretical
deeper change from iron ore to limestone. It might further be
pointed out that analyses which involve such relations as 37.01 per
cent of lime carbonate at 60 feet and 21.32 per cent at 120 feet could
hardly be looked on as showing any gradual change of iron ore into
limestone in depth. But that is just what these analyses are usually
" quoted for, and usually misquoted so as to read ‘‘lime’’ in place of the
“lime carbonate’” specified by Porter. A

Porter’s statement was promptly used in a way he had not intended,
and to this misinterpretation was added a very curious error of obser-
vation, which at this date is hardly comprehensible. Russell, dis-
cussing the general question of rock decay, made the following state-~
ment ® which unfortunately has become classic:

Portions of the Silurian rocks of Alabama, readily recognized as limestones when
unweathered, are easily mistaken for sandstone and shales when only their weathered
outcrops can be seen. The Clinton ore, or ‘“‘fossil ore,”” interbedded with strata of
shale and sandstone, forms one of the most characteristic beds in the Upper Silurian
rocks of Tennessee and "Alabama. In the mines of Gadsden and of Attalla, Ala.,
where Clinton ore is worked, the strata are highly inclined (a dip of 70° to 80° to the
goutheast prevailing) and well exposed for study. The outcrops of the beds are of
soft, porous, highly fossiliferous ore, which has a deep brownish red color, and is easily

worked and easily smelted. The ore at Attalla retains this character to the depth of
about 250 feet, measured down the slope, and then changes to a hard, compact, ferru-

_oTrans. Am. Inst. Min. Eng., vol. 15, p. 189.
b Bull. U. 8. Geological Survey, No. 52, 1889, pp. 22, 23.
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ginous limestone, rich in fossils. (A similar change in fossil ore has been noted by
T. H. Dewees, in Pennsylvania; Second Geol. Survey Pennsylvania, Report F,
1878, p. xlvi.) The marked difference in the character of the ore in the upper por-
tions of the mines as compared with that from the lower portions is due entirely to
weathering. This is shown by the general appearance of the ore at.various horizons
and by its chemical composition. Two typical samples of the ore, selected by me—
one from near the surface, representing the ordinary character of the soft ore, and the
other from a depth of 250 feet, representing the hard ore, but not the most calcareous
variety—gave on analysis the following percentages of iron, lime; and carbonic acid,
after drying at 105° Centigrade: '

Analyses of Clinton iron ore.
[By R. B. Riggs.]

]
Surt {Salnpla
: urface rom 250
Constituents. sample. | feet below

surface.
drom () . s 57.52 7.75
Lime (Ca0)..e . neeeeeeeeeaeaeeeeeaeaeieaeaanans 1.38 47.64
Carbonic acid (COs) .30 34.90

Russell then quotes the observations of J. B. Porter, above noted,
in support of this view, and concludes as follows:

At Attalla the change from ‘“‘soft ore” to ferruginous limestone, or ““hard ore,”
takes place at about the present level of stream drainage. At this horizon the stratum
increases from 2} to 3 feet in thickness. This increase in thickness below the level of
drainage indicates that the removal of the calcareous portion of the ferruginous strata
has allowed the bed to be compressed. Asthe unweathered ore is of doubtful economic
value, owing to its high percentage of lime and the difficulty of mining, exaggerated
estimates of the importance of the Clinton ore deposits of the South are to be guarded
against. ’ ) ,

With. one important exception Russell’s statement of the case is
fair enough But the exception is very important and introduces
an error which persists to the present day. It is perfectly true that,
at a depth of 250 feet (or even less), the ore at Attalla changed from
“soft” to “hard.” But the hard ore is now known to carry 38 to 42
per cent of iron, instead of the 7% per cent credited to it by Russell.
It will be seen that this puts an entirely different face on the matter,
for it is hardly possible to consider merely as a ‘ferruginous lime-
stone” a rock consisting of 60 per cent iron oxide, 10 to 12 per cent
silica and alumina, and 20 to 30 per cent lime carbonate.

How Russell obtained such a sample of “hard ore” is difficult to
understand; but when the analysis once reached the dignity of print
it exhibited a surprising persistency. A few quotations may show
how it still affects opinion regarding the origin of the Clinton. ores.

J. F. Kemp, though recognizing the value of Smyth’s work on the
subject, still writes:

The ore in many places is really a highly ferruginous limestone, and below the water

level in the unaltered portion it often passes into limestone, while along the outcrop
it is quite rich.

a Ore deposits of the United States and Canada, 5th ed., 1903, p. 114.
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And, on a later page:

These hematites have undoubtedly originated in some cases by the weathering of
ferruginous limestones above the water level. I. C. Russell has shown that the unal-
tered limestone at the bottom of 2 mine in Attalla, Ala., 250 feet from the surface
contained but 7.75 per cent Fe, while the outcrop afforded 57.52 per cent. G. B.
Porter has recorded the gradual increase of lime also in another Alabama mine from
a trace at the outcrop to 30.55 per cent at 135 feet.

Ina recently published volume ¢ by Helnnch Ries the same point
of view is retained:

The origin of these ore bodies has been argued from different standpoints; some
holding that they represent altered limestone beds, because of the presence of fossils
in them, while the concentric nature of the oolites, with a nucleus of worn quartz grains,
has led others, especially Smyth, to ascribe a concretionary nature to them. The
former theory is strengthened by finding at many places an increase of the lime con-
tents of the ore with the depth Thus at Attalla, Ala., the Clinton limestone at 250
feet from the surface carries only 7.75 per cent of iron, Whlle at the outcrop it has 57
per cent of iron.

The error, once allowed to enter the literature of the subject with-
out prompt contradiction, has of course become fixed in the average
general text-book on either geology or economic geology. Since
such text-books are of necessity largely compilations, the retention
of erroneous statements can hardly be charged to the account of the
compilers; but in this particular case the error was so obvious that
one might have expected its detection at sight. It seems almost
impossible, in view of the marvelous development of the Alabama
iron industry, that it could still be believed that the Clinton ores did
not exist at depths of more than 100 feet or so.

OBJECTIONS TO RESIDUAL ENRICHMENT THEORY.

The theory of residual enrichment is so contrary to our present
knowledge of mining conditions in the Clinton ores that objections
to it seem almost too obvious to state. Perhaps the two most
immediately convincing arguments are those that follow:

1. The theory requires that if a bed of Clinton ore be followed
down from its outcrop the iron will gradually decrease and lime -
carbonate increase, until at some point between the surface and the
ground-water level the place of the ore bed will be occupied by a
much thicker bed of slightly ferruginous limestone. In answer to
the supporters of the theory it is therefore sufficient to state that the
Clinton ore has been mined from several hundred fairly deep openings
in the eastern and southern United States, and that nowhere has
such a change from ore to limestone been observed. An ore bed

“may split or thin out and terminate in depth, but it will do the same
thing when followed laterally along the outcrop; and in neither direc-
tion would such termination prove anything more than that the
original beds were deposited in essentially limited basins. Where

@ Economlc geology of the Unjted States, New York, 1905, p. 267,
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the ore beds terminate, moreover, they do so by gradual thinning,
as may be expected of any sedimentary deposit; and not by thicken-
ing, as is required by the theory of residual enrichment. Deep
mines and drill holes far back from the outcrop also prove that the
ore beds are as continuous as any sedimentary deposit can reason-
ably be expected to be.

2. To confirm or refute the foregoing objection to the ‘‘residual
enrichment”’ theory would of course require personal examination of
at least one mine. For those who can not make their own observa-
tions, a purely theoretical objection may be suggested. On the
residual enrichment theory, whatever iron is now in the ore was
contained, presumably in the form of carbonate, in the original lime-
stone. If this hypothetical limestone contained 5 per cent metallic
iron, which would make it more than a ‘‘slightly ferruginous lime-
stone,” it would require the disappearance of 8 feet of limestone to
give rise to a bed of ore (40 per cent iron) 1 foot thick. The ‘“‘Big
Seam’’ of the Birmingham district, even allowing for the low grade
of much of its total thickness of 30 feet, would under this theory
have been derived from the solution of a 200-foot bed of limestone.
A shrinkage of this extent would produce structural effects that should
be very evident in any deep mine, but which, as a matter of fact,
are entirely lackmg

Even more serious difficulties appear when we endeavor to explain
how the original iron carbonate changed, during simple weathering,
to the anhydrous oxide; or how the resulting oxide took the form of
concentric shells inclosing grains of sand.

FACTS SUPPORTING THEORY OF SEDIMENTARY ORIGIN.

The principal facts supporting the theory of sedimentary origin
may be briefly summarized as follows:

1. In mining from slopes running down on the dip of the ore bed,
when once the limit of surface weathering is passed—and this may
- be at any point from 1 to 100 feet below the outcrop—no further
important change in the ore is found with increasing depth; though a
number of mine workings are now close to 2,000 feet from the outcrop.

2. A number of borings in Alabama have struck the ore at points
from one-half to 1 mile back from the outcrop, and at depths of
400 to 800 feet below the surface. The ore encountered in these bor-
ings was hard ore of the usual quality, and not merely a ‘‘ferruginous
limestone.” Several borings in New York have struck Clinton ore at
distances of from 10 to 15 miles back from the outcrop. These borings -
showed good hard ore at depths of 644 to 995 feet below the surface.

3. The physical character of the oolitic ore can not readily be
explained on any replacement theory, while the formation at the

present day of original oolitic materials is a matter of common .
knowledge.
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4. The occurrence of fragments of the ore in overlying beds of
limestone in the Clinton formation, as described by Smyth,® points
to the fact that the ore had been formed prior to the deposition of
this limestone.

5. If the replacement theory were accepted, one would expect
that the ore beds would show a greater vertical range; that is, that
they would at places occur in rocks of other than Clinton age.
Throughout their entire extent the Clinton beds are closely asso-
ciated with Silurian and Devonian limestones and shales, some of
which offer excellent receptacles for replacement deposits, but the
characteristic red ores are confined to the Clinton itself.

DIFFERENCES IN CLINTON ORES.

ORIGINAL DIFFERENCES IN COMPOSITION.

The variations in character shown by different samples of Clinton
ore, from either the same or different beds and localities, are in part
due to original differences in composition, and in part to changes
which have affected the ore since its original deposition.

At the time of their deposition considerable differences in compo-
sition could probably have been found in different samples of Clinton
ore. These differences were in part physical and in part chemical, and
frequently both. In one basin, for example, the ores might be largely
of the oolitic type, being composed of concentric layers of iron oxide
with a sand grain for nucleus, the oolites being generally cemented by
lime carbonate. Contemporaneously at another place the ores might
be forming through the replacement, by iron oxide, of the lime car-
bonate of a mass of shells and shell fragments. The first ore would
be distinctly more siliceous than the second.

The most convenient example of such an original difference in com-
position may be taken from the records of the writer’s field work
during 1905 on the Clinton ores of New York, at their type locality,
near the village of Clinton, in Oneida County.

The ores are well exposed within a few miles of Clinton at many
openings. -The section there shown, when complete, involves the fol-
lowing beds in descending order:

Shales and thin limestones. Feet.

“Fossil” or “lux” ore...cceeeevianiiiols et 13-2
Shales and thin limestones.............cooiiiiiiiiiiini ... 22
B 070D T e 24-3

Shales and thin limestones.

The ‘‘shales and thin limestones’’ of this section are of character-
istic Clinton type. The shales are bluish gray on a fresh surface, often
showing a decided greenish tint on weathering. The limestones are
in thin layers, rarely over an inch or two in thickness, and are full of

a Op. cit., p. 493,
$8943—Bull, 400—10—3
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fossils, but these fossils appear distinctly only on weathered surfaces.
In color the limestones are gray or pinkish on a fresh surface weath-
ering a dull yellowish.

Two ore beds are always present, in thls district, though they may
not be shown in the same mine or pit, while a thm third bed occa-
sionally comes in just below the ‘‘fossil ore.” The two main beds fur-
nish two entirely distinct types of ore, the fossil ore and the oolitic ore,
which are strikingly dissimilar in appearance, composition, and origin.

The difference in appearance is well brought out in the accompany-
ing illustration (Pl V), which shows specimens collected by the
writer at this locality. The oolitic ore is red-brown in color when
freshly exposed, rather greasy to the touch, and soils the hands much
like an oily paint. On old exposed surfaces it has become partly
hydrated, taking on a yellow tint. It is composed of little grains or
oolites, somewhat flattened, and ranging from one-sixteenth to one-
tenth inch in diameter. Larger grains occur, and occasionally fair-
sized pebbles, but fossils are rare, and .this type of ore is predomi-
nantly oolitic or granular in appearance. Examination of these
oolites by either chemical or microscopic means shows that each is
made up of a central core of quartz a little rounded grain—inclosed
by successive concentric shells of iron oxide.

Illustrations of the Birmingham ore (see Pl. VI) show the sim-
ilarity to the New York ore. The fossil ore, on the other hand,
contains few or no oolites, being mainly composed of fossils, both
entire and fragmentary, which are in part replaced and in part merely
surrounded by iron oxide. In color it is less reddish than the oolitic
ore, owing to the greater percentage of impurities usually contained
in it, and to the appearance of the grayish calcite of the fossils on any
fra,ctured surface.

The two types of ore present striking differences in chemical com-
position, due primarily to the difference in the character of the mate-
rials around which and in which the iron oxide was deposited. These
differences in composition are well brought out by comparison of the
following pair of analyses, made by Dr. E. C. Sullivan in the labora-
tory of the United States Geological Survey, of specimens collected
by the writer near Clinton, N. Y.

Analyses of Clinton ores, Clinton, N. Y.

Fossil Oolitic
ore. ore.
SIHEA (B102) e en e e e ettt et eeeaean 8.71 16. 82
© AIIMING (A1208) . e ittt e eeeaaaans 3.67 3.54
Iron oxide (Fezos) . 30.24 46.04
Lime (CaO).......... 20. 64 9.96
Magnesium (MgO)...... S -7.84 3.41
Carbon dioxide (CO3). .. s 24.78 13.62
Sulphur trioxide (SOs). .. ..ottt .15 .20
Phosphorus pentoxide (PgOs). ... couuiuiiieereinieeresaeareacnoeeeiararnacerncenns .75 1.29
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LATER REPLACEMENTS.

Reasons have been given for disbelieving the theory that the
Clinton ores owe their origin primarily to any replacement process.
But it would be incorrect to assert that during the ages which have
elapsed since the deposition of these ores in the Clinton sea no changes
have taken place in their composition. Since deposition the Clinton
beds of the Eastern and Southern States have been, several times
at least, elevated above sea level and then depressed below it. Such
alterations in level, taken in connection with corresponding changes
in topography, manifestly offer much opportunity for the removal
or rearrangement of the soluble constituents of any rock. It can
only be said that so far as known no definite proof has been presented
that the Clinton ores owe any important part of their present dis-
tribution or present richness to deep alterations of this type.” With

regard to recent leaching along the outcrop the case is very different,
as will now be explained.

HARD AND SOFT ORES.

The terms ‘“hard” and “soft,” as applied to the two principal
. varieties of Clinton ores, hardly express the facts, for the distinction
between the two varieties in question is based upon differences in
their chemical composition rather than upon differences in hardness.

Most of the red ore of Alabama is, in its typical or ‘“hard’’ variety,
a highly limy ore. The ore beds are usually overlain and underlain
by comparatively impervious shales; and in most places dip at
rather high angles. These conditions favor the penetration of the
ore, near the surface at least, by percolating water. The result is
that near the outcrop, and for some distance down the slope, the
lime carbonate of the original ore is largely or entirely leached out.
This removal of one constituent of course increases the relative
percentages of the remaining less soluble ingredients, while it renders
the ore more porous and friable. The resulting ‘‘soft ore’” is there-
fore very low in lime, and correspondingly high in iron oxide. A
secondary effect of the change, shown best where the cover is heavy
and the dip low, is that the overlying shales settle down slightly
as the bulk of the ore is reduced, so that on the outcrop the ore bed
often has less than its normal underground thickness.

CHANGES DURING CONVERSION OF HARD INTO SOFT ORES.

The Clinton ores below water level generally carry large percent-
ages of lime carbonate with lesser amounts of magnesium carbonate.
When exposed to the action of percolating waters charged with car-
bon dioxide, the lime and magnesium carbonates are dissolved, and
carried off in solution by the water. The other chief constituents
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of the ore—iron oxide, silica, and alumina—are practically unaffected
by the water. The chemical results of the change are therefore:

(1) The ore loses all or almost all of its lime and magnesium
carbonates. ~

(2) The percentages of iron, silica, and alumina are 1ncreased as
the carbonates are decreased, but the relative percentages of these
three less soluble constituents are unchanged.

An example will make this clear. Assume a hard ore composed
(disregarding minor ingredients) as follows:

Not removable by leaching:

[ 5 7.50
ATUmina. .o e e 2.50
Trom oXide. .. coen e 50. 00

60. 00

Removable by leaching: ‘

Lime carbonate..... ... ... ... 37.00
Magnesium carbonate........ ... ... ..ol 3.00

40.00

If this ore were so thoroughly leached that all of its lime and
magnesium carbonates were removed, the residual soft ore would be
made up entirely of the relatively insoluble iron oxide, silica, and
alumina. The comparative percentages of these three constituents
would remain the same, but since 40 per cent of the total bulk of
the ore has been removed in solution the percentages of the remaining
constituents would be increased in the ratio 100:60. The soft ore
would then show on analysis:

IS Tt NN 12. 50
Alumina. . ..ol ettt 4.17
Tron oxide. . oo i 83.33

It will be seen that the original hard ore carrying 35 per cent
metallic iron has been changed to a soft -ore carrying about 58 per
cent. But the ratios between the three insoluble constituents are
unchanged, being in the two tables, for iron oxide, silica, and alumina,
~as 20is to 3 is to 1.

It must be borne in mind that there is no deﬁmte relation between
the richness of the soft and hard ores from two different openings.
That is to say, if mine A yields a very much richer soft ore on the out-
crop than mine B, that does not imply that in depth the hard ore
from A will be richer than the hard ore from B. As a matter of fact,
the contrary is often true. The ore which originally contained
the larger percentage of lime carbonate is, other things being equal, -
the more likely to be thoroughly leached by percolating water;
and so we are brought to the somewhat surprising conclusion that
the poorer the original (hard) ore, the more likely it is to yield a rich
soft ore on its outcrop.
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When the hard ore contains very large percentages of silica and
alumina the statement does not hold, for these impurities are prac-
tically insoluble and their percentage is increased during leaching
just as is the precentage of iron oxide. So of two very siliceous ore
beds the one showing the lower iron in the hard ore is also apt to
show lower iron in the soft ore. But when two ores are leached, one
naturally high in lime carbonate, the other higher in silica and alumina,
the results may accord with the rule stated. Suppose that the two
New York Clinton ores described on page 34 were changed into soft
ore by complete leaching of their lime and magnesium carbonates.
The result would be as shown in the table below:

Analyses showing effect of leaching tn Clinton ores.

- Fossil ore. Oolitic ore.

Original | Leached | Original Leached
(hard) ore. | (soft) ore. |(hard) ore.| (soft) ore.

Stlica (S102).....ceneeeoii feeees 8.71 18.64 16.82 23.04 |

Alumina (Al303). ... 3.67 7.85 3.54 4,85
Iron oxide (FesOs). . 30.24 64.71 46.04 63.07
Lime (Ca0)......... s 20.64 |....oonnnn 9.96 |..oooona....
Magnesia (MgO)....... cee 7.84 | ooeeninn.s 3.4 ...l
Carbon dioxide (COs) 24.78 |t 13.62 Jooeeiennnaat

From this it can be seen that the fossil ore, originally much the
poorer of the two, would on leaching yield a soft ore slightly richer
than that produced by the leaching of the originally richer oolitic ore.

CHARACTER OF THE OOLITIC ORE.

Examination of a typical specimen of hard oolitic ore, with the
information furnished by chemical analysis, shows that the ore is
made up of four principal ingredients—iron oxide, lime carbonate,
free silica, and clay. Very small percentages of other constituents—
iron sulphide, lime phosphate, and magnesium carbonate—also
occur, but they may be disregarded at present.

The four principal constituents above named are arranged in a
very definite and distinct way in the ore. Most of the silica is present
as quartz, in rounded grains of various sizes; each of these grains is
surrounded by one or more concentric layers of iron oxide, which is
usually mixed with more or less fine clayey matter; while the lime
carbonate surrounds and incloses the oolites thus formed. It will be
noted that this description, taken by itself, points strongly in the
direction of one particular theory of origin of the ores, that of original
deposition, while it throws great difficulties in the way of accepting
the replacement hypothesis. The manner in which the ingredients of
the ore are arranged, as above outlined, would seem to admit of but
one possible series of events which could give rise to the formation of
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such an ore. There were, first of all, rounded sand grains and small
quartz pebbles; these were next enveloped by a deposit of iron oxide
(with some clay); and finally the iron-covered grains were cemented
- together by a deposit of lime carbonate.

SPECIFIC GRAVITY.

The following series of determinations of the Speciﬁc gravity of
Clinton ores from various portions of the United States is taken from
reports of the-Kentucky Geologlcal Survey, the Alabama Geologlcal
Survey, and the Tenth Census:

Specific gravity of Clinton ores.

Fe. $10;. | AlOs | CaO. | Sp.gr. Fe. Si0z. | AlLOs | CaO. | Sp.gr.

4.012 49. 49
4.330 49.26
4.326 48.86
4.201 48.78
4.013 48.65
4.121 47,

4.109 47.09

4.110 44,02
4.138 43.31
3.808 41.77
3.914 40.04
4.007 37.03
3.914 1 36.02
4.005 33.58
3.921 31.77
3.941 31.30
3.946 @ 48.53

a Average.

The above table shows, of course, the higher specific gravity
which accompanies richness in iron. This is perhaps brought out
more clearly if the ores are grouped as in the table following:

Specific gravity of soft ores.

Number | Average . Number | Average
Range in metallic iron. of .| specific + Range in metallic iron. - of specific
samples. | gravity. . samples. | gravity.
30 to 40 per cent. . 5 3.3486 () 50 to 55 per cent...... .- 14 4.0262
40 to 45 per cent. . 5 3.5634 || 55 per cent and over.......... 5 4.1724
10 :

45 to 50 per cent. . 3.8047

The commercial value of the data above presented is lessened by
the fact that all except 6 of the 39 specific-gravity determinations
recorded in the preceding table were made on the powdered ore.
When determinations are thus made on powdered materials, the
effect of natural porosity is masked, and all such determinations
therefore give results too high by an unknown amount. No miner
has the slightest interest in knowing the weight of powdered ore;
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the thing that he wishes to know is the weight of ore as it occurs in
blocks in the mine. Recently there has been determined in the
Birmingham district a seriés of actual specific gravities of lumps of
ore by displacement of water. The ore thus treated was afterward
analyzed The results of certain of these tests and analyses are
glven on page 131.

GEOLOGIC RELATIONS AND DEVELOPMENT.

By Ernest F. BURCHARD.
THE ORE-BEARING FORMATION.
DISTINGUISHING FEATURES.

The Clinton (Rockwood) formation, in which the red ores occur,
consists within the Birmingham district principally of overlapping
lenticular beds of sandstone and shale, with four well-marked hori-
zons of iron ore, generally in the middle one-third of the formation.
The iron ore consists partly of strata of fine to coarse silica sand,
coated and cemented with ferric oxide, and partly of fossil fragments
which are wholly or partly ferruginous. The whole mass of the ore
contains much calcium carbonate in places, especially where un--
weathered. The unweathered ore ranges from a calcareous, richly
ferruginous sandstone to a ferruginous siliceous limestone, but there
appear to be no true limestone strata in the formation within the
district here described, although beds of limestone are present in the
Clinton in northeast Alabama and in Georgia and Tennessee. The
distinguishing feature of the formation is the relatively large quantity
of iron oxide, either in the ferric or ferrous state, disseminated through-
out all the beds. There are generally sharp lines of demarcation be-
tween beds of iron ore, shale, and sandstone, but in places these beds
change vertically from one form to another by gentle gradations.
Consequently there are in the section beds of ferruginous shaly sand-
stone and sandy shale, or the material may carry sufficient iron oxide

to be styled a sandy ore or a shaly ore. The ferruginous character

of the Clinton formation is not peculiar to the southern Appala-
chians; rocks of equivalent age contain beds of hematite throughout
the whole length of the Appalachians, as well as in such’ widely
separated outlying localities as New Brunswick, New York, and
Wisconsin.

In the Birmingham district four ore honzons are generally recog-
nized. The ore beds are known as the Hickory Nut, Ida, Big, and
Irondale seams, the last named being the lowest. In general.they
are comprised in a section of the Clinton formation between 70 and
85 feet in thickness. The Hickory Nut seam lies about 80 feet below
the top of the formation. The intervals between the ore horizons
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are variable, but roughly they average respectively 16, 35, and 3
feet. In several of the mines of the Tennessee Company north of
Readers Gap, the top of the Big seam lies between 160 and 165 feet -
below the Fort Payne chert.

In the Birmingham district the Clinton formation is thickest
toward the northeast, measuring more than 500 feet, and at this end
of the area the proportion of shale is greatest. With thinning of the
formation toward the south and southwest, where it becomes less
than 300 feet thick, the proportion of sandstone increases. It is
difficult, however, to apply one set of rules to all the areas of the
Clinton strata, particularly to strips of the formations that lie on
opposite sides of the valley and are separated by structures that are
in the main anticlinal. Red Mountain and West Red Mountain, for
instance, lie nearly parallel to each other, generally only 6 or 7 miles
apart, yet there are greater differences in the composition of the
Clinton formation at corresponding points in these ridges than there
are between points on the same ridge separated by two or three
-times that distance. Such abrupt changes at right angles to the
strike of the beds are readily accounted for, however, by the thinning
and termination of certain lenticular beds in a northwest-southeast
direction, and the occurrence of beds of a different composition at
corresponding horizons. Sections on West Red Mountain can not -
be correlated with those made 6 or 7 mjles distant on Red Mountain,
but there is little difficulty in correlating sections 12 to 15 miles
apart on Red Mountain. (See P1. VII.)

RELATIONS TO ANCIENT SHORE LINES.

These conditions may perhaps be accounted for by considering
that the ore beds were deposited in long, narrow bays and lagoons
in comparatively shallow water, in which, by means of the sorting
action of currents, the sediments were spread along the shore line in
such a way that they are homogeneous in character for greater dis-
tances parallel to the shore line than normal to it. While the axes
of folding may not extend exactly parallel to these ancient shore
lines, it is believed that in general these directions coincide fairly
closely in the southern Appalachian region. In other words, the
axial directions of the folds denote the general directions of the old
shore lines. ¢

Reference to the geologlc map (PL. IT) makes it evident that the
axial direction of the anticline having Red Mountain on its south-
east flank is fairly constant, although it shows local deflections from

a See Willis, Bailey, Mechanics of Appalachian structure: Thirteenth Annual Rept. U. S. Geol. Survey,
1892, pp. 253-258; also, A theory of continental structure applied to North America: Bull. Geol. Soc.
America, vol. 18, 1907, pp. 389-412.
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& straight line. From Bessemer southwest to

Sparks Gap this direction swings 20° farther .

toward the south than the direction of the axis
between Birmingham and Bessemer. The char-
acter of the ore beds changes more abruptly
from Bessemer to Sparks Gap than between
Birmingham and Bessemer. If this change be
due to the fact that here the outcrop is cutting
diagonally across the basin of ore instead of
following parallel to it, some very interesting
economic as well as scientific relations between
character of ore and old shore lines are suggested.
The shore line may, however, have been as sinu-
ous as the present structural axis, and the change
in character of sediments may have been due to
the presence of a promontory or cape beyond
which the sediments were swept by currents
from the northeast into the area from which
Clinton beds now have been eroded, while from
the southeast currents bore sediments that
modified the ore beds in that direction. .

A line of drill holes beginning at Readers
Gap in Red Mountain and extending north-
eastward into Shades Valley parallel with the
direction of outcrop of red ore between Wood-
ward Junction and Graces Gap would be of
great value in showing whether the ore is fairly
constant parallel to the supposed shore line,
and would also pay for the sake of the infor-
mation that would be yielded regarding the ore
beds.

SECTIONS SHOWING POSITION OF ORE BEDS.

Along the outcrop of - the Clinton from north-
east to southwest there are slight variations in
composition, as is indicated by the following
seven ‘sections on Red Mountain, beginning
northeast of Birmingham and continuing at
irregular intervals for about 38 miles south-
west. In each section the observed thickness
has been corrected for the dips, which range
between 20° and 50°,so that the computed thick-
ness closely represents the actual thickness of

the beds.
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1. Section of Clinton (Rockwood) formation in the NE. % sec. 28, T.17 S., R. 2 W.,
) near Irondale.

Top of formation not exposed. Ft. in.
Sandstone, yellowish, heavy bedded.......................... 40
Concealed. ........ooiiiii e ... 119
Sandstone. ... ...l s 4 7
Concealed (probably in large partshale)......... ... ... ..... 19 10
Sandstone, green, flaggy, with yellow shale partings............ 25
Tron ore (Ida 8€aM). .o emenmuneoee e ie e .. 5
Shale, red. .. ... . i 2
Sandstone, ferruginous, laminated........._.... .. .. ... .. .. 1 8
Iron ore (Big seam): ’
Ore, sandy - oot 1 8
Ore, lean, filled with small quartz pebbles................. 5
Ore, minable... ... ... .o 7
Ore, fair quality, but not mined at present................ 6
Ferruginous sandstone, ore, and shale, in layers 1 foot or less
Bhiek i e 20
Sandstone, very hard...............ooeiiiiiiiiiii . 3
““Gouge,’’ calcareous. ... .ot 6
Iron ore (Irondale seam)...cocooeeeon i ime i 5 6
Sandstone, brown, thin-bedded, with shale............. e 20
Concealed (probably shale)............. ..ol 65
Limestone (Chickamauga). , —_
) 241 8

2. Generalized section of Clinton (Rockwood) formation from drill record in the SW. %
’ sec. 28, T. 17 8., R. 2 W., just south of Red Gap. '

Chert (Fort Payne). Ft. in.
Shale (may include a few inches of Devonian)..............._. 11
Sandstone, coarse, ferruginous.............. ... Ll 25
Iron ore, solid (Ida seam).......... e aeaaaan 6
Sandstone, coarse, ferruginous. ........ ... . ..ioiiii... 25
Sandstone, coarse, pebbly; partly a low-grade ore..... PO 22
Bhale.....vueeon s 1
Iron ore (Big seam):. )

Upper part, minable.......... e 7

Lower part, not yet mined . . ......... ... 10
311 (PR 3
Iron ore (Trondale S€am) . . ... .....oooooeeees oo, 4 4
Sandstone, red, 80ft. . .vaeen e e e e 30
Sandstone, DrowWn . ... ooi i et 35
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8. Section of Clinton (Rockwood) formation on road through gap in the NW. }sec. 5, T.

18S,R.2W.
Chert (Fort Payne). Ft. in.
Sandstone, heavy bedded . ......... .. .. ... ... 8
Concealed. . ...oooion i 6 8
Sandstone, medium bedded . ....... ... ... .. ... .. ...... . 6 9
Concealed.. ... ... . . ... 6 8
Shale. . .oom e 5 5
Concealed. . ...t i 53
Iron ore, sandy (Hickory Nut ?seam)........................ 3 9
Concealed. .. ... i 7 6
Sandstone, coarse, very ferruginous, thinbed ........ ... .... 2 3
Sandstone, fine-grained, very ferruginous, thin bed............ 3 9
Sandstone, coarse, ferruginous, with beds of ore (Ida seam)..... 10 3
Sandstone, medium bedded, coarse............cioiiiiieion-n 10 6
Concealed. - ..ottt aeaaaaen 6 9
Shale . ..t 7 6
Coneealed. ... vvene et 3 9
Sandstone, heavy bed.... . ... ... 2 5
Iron ore, coarsely s111ceous (Big seam); top 10 feet minable...... 16 10
SandStone. « o e o 7 8
Iron ore (Irondale seam):
B0 T 1
(3] 1) S 7
S 11
SandEtone. . et el 1
Concealed by shaly sandstone débris................cooiuian.n 50 1
Sandstone, massive, with shaly partings. ... ................. 24 1
Sandstone, thin bed............. s 5 7
Concealed. ..o i 4 6
Sandstone, thin bed.......coooeen i 5 6
Concealed. ... e e 4 6
Sandstone, thinbed. .......... e et eaeaaaann 3 7
Concealed. ...oeeetneeen ettt a e iaaeaaaaaen 7 6
Sandstone, thinbed. ... .. ............. AR S
Concealed.......ooioiiiiiiii i 5 8
Shale, 8andy . cee e e 7 6
Concealed by red shaly sandstone débris..................... 35 10

Limestone (Chickamauga):
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4. Section of Clinton (Rockwood) formation in Walker Gap, in the NE %} sec. 14,
T.188.,R.8 W.

Chert (Fort Payne). Ft. in.
Shale, clay, and sand (Devonian). ..... ... ..o oL 1 6
Sandstone, massive... ... ...l 16 10
Sandstoneand shale...... .. ... . o il 13 7
Shale, drab to pink, with thin streaks of sandstone (partly con-
cealed by débris)......... e .8 4
Sandstone and shale, alternating.._........ .. ... .. .. .. ... 5 9
Iron ore (Big seam), top 8 to 15 feet minable.................. 24
Sandstone and shale, with ore seams in upper part. . ........... 13 7
B -1 3 o1t 50 10
Shale, yellow, red and olive, with heavy sandstone interbedded. 41
Sandstone, heavy bedded. . ....... .. .. .. .. .. ... ... 3 5
Shale, yellowand red. .. ... .. .. ... 37 4
Base not exposed, but probably within 20 feet. ... ............. 20
358 2

5. Section of Clinton (Rockwood) formation in Tanyard Gap, in the SE. } sec. 2,
T.198.,R. 4 W.
Chert (Fort Payne).

Shale (Chattanooga) (less than 1 foot). Ft. in.
Sandstone, thin bedded. ........... . ....... . 12 2
Concealed. .. ..o e 10 10
Sandstone, dark red, heavy bedded. ... .. .. .. ... ... .. ... 8 9
Concealed. . ... ... il 11 3
Sandstone, red, heavy bedded......... et 4 8
Concealed.................. e e i 7 8
Sandstone, red, medium bedded.......... ... ... .. .. .. 3 10
Sandstone, very ferruginous, with casts of Pentamerus (Hickory
Nutoreseam)..... ... ... ............... R 3
Sandstone, red, ferruginous, thin bedded. ... ... ..~ _. ... ... 2 4
Concealed. ... ... il ~. 16 4
Sandstone, heavy bedded. I...... i SR 2 4
Iron ore (Ida seam); soft ore, minable....................... .. 3
Sandstone, heavy bedded. ..._... e 3
Concealed. ... ... ... . il 15 4
Sandstone, medium bedded. . ... ... ... . ... .. ... .. ... 20 2
Iron ore (Big seam):
Ore, lower 9% feet minable... ... ... ... ... . ... .......... 11
Shale. ..ot e 2 6
Ore, minable only where soft....... ... .. . .. ... .. ... 4 6
Shale, sandy, with thin ore seams, not minable. ........... 3
Sandstone, thin bedded. ....... ... .. ... .. ... ..., 2 4
Shale and thin seams of ore (Irondale horizon ?)................ 13
Sandstone. ... ..o 1 6
Shale....oo i 2 8
Concealed. .. ... . i 3 9
Shale,sandy.... oo ... iiiiiiiiiiiiiiae.... 06
Covered by shale débris........................... R, 12 6
Limestone (Chickamauga).
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~ 6. Section of upper part of Clinton (Rockwood) formation as shown by core from dzamond
drill, NE. 3 SW. % sec. 11, T. 19 8., R4W ’

Chert, solidly stratified (Fort Payne). Ft. in.
Sandstone, red, with coarse grit. ............... et 5 8
Grit, coarse, soft, with gray gandstone.......... ... ... ... ... 5 8
Limestone, gray, hard, cherty......... ... ... . ... oLl 6 7
Limestone, ferruginous........... e 31
Sandstone, ferruginous............... o il 2 7
Sandstone, gray, extremely hard in places.................... 23 6
Sandstone, ferruginous. ... il 40 7
Grit, very hard, fine, with reddish sandstone. . .............. 20 2
Iron ore, limy (Hickory Nut ?seam)........................ 2 7
Sandstone, gray. . ... ... ...l 7 11
Limestone ‘“marbleized”. . . ... ... . ... L liilLL. 15
Sandstone, gray, hard........ ... ... oLl 1 11
Limestone, ferruginous (Ida ?seam)......................... 5 8
Sandstone, ferruginous......... ... ... o oiiilLL. 22
Iron ore (Big seam); top 11 feet minable:
10 YRR 14 1
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