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" PREFACE

This report contains little new material but is simply a pre-
liminary survey leading to a more detailed treatment in the future.
Thus it is largely a compilation of data gathered by many workers
over a long period and largely during the active days of the early
furnaces when the deposits were well exposed for observation and
measurements. The data are assembled in an orderly fashion, the
various members and units being treated in an ascending order.
It is hoped the report will serve a useful purpose until much new
material may be gathered for a more elaborate treatise.
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THE IRON ORE BEARING FORMATIONS OF OHIO
, by
WILBER STOUT

INTRODUCTION

In Ohio some utilization for the smelting of iron has been made of
iron ores and of ferruginous rocks found in a wide expanse of strata,
ranging through certain beds from the Brassfield limestone in the Silurian
system to the Creston Red beds in the Permian system and on even to the
. bog ores laid down since the retreat of the Wisconsin glacier. The ores
that were of prime importance, however, fall in the Pottsville and Alle-
gheny series of the Pennsylvanian system and were smelted in the furnaces
in the belt extending from Scioto and Lawrence counties on the Ohio
River to Mahoning and Columbiana counties on the Ohio-Pennsylvania
state line. Various deposits were used in other areas. The native ores
thus supported the charcoal iron industry of the State——eighty-six furnaces
in all—that began with the erection, in 1804, of Hopewell furnace on
Yellow Creek in Mahoning County and closed with shutting-down, at 3
P. M. December 26, 1916, of Tefferson furnace near Oak Hill in Jackson
County. Also throughout most of the active life of the fifty-six coal fur-
naces erected between 1845, Mary at Lowellville, and 1887, New York at
Shawnee, the ferruginous part of the burdens gonsisted entirely or largely
of ores gathered not far distant from the stacks. Further, many of the
. more modern coke furnaces built between 1863 and 1895 used some native
ores along with that from outside sources. The smelting of Ohio ores
thus ceased about 1923. Of the total of 226 blast furnaces built in Ohio
all but about 60 have smelted native ores, over one-half nothing elsg The
period of such utilization was thus about 119 years, from 1804 to 1923.
The Ohio ores still have a future.

KINDS OF ORES
SIDERI\TE OR IRON CARBONATE ORES

The siderite or iron carbonate ores, definitely of sedimentary origin,
were laid down under marine, brackish and fresh water conditions where
organic matter provided the carbonate (CO,) radicle. Many of them con-
tain fossil shells, plant impressions, etc., indicating their origin. Such ores
may occur as regular stratified beds with- a wide distribution, as nodules
and concretions of various sizes in shales, or as oolitic-like shot cemented
into irregular masses. The ferruginous matter was precipitated from the

A\ N . 3 -



4 IRON-BEARING FORMATIONS

soluble bijcarbonate\Fe<I}_IIggl by the extraction or removal of H,CO,,

thus rendering the FeCO, (si:ierite) insoluble. The factors of precipi-

tation are adjustments of temperature, pressure, concentration of carbon
dioxide, stagnation or circulation of water, and others. In the coal forma-
tions of Ohio the cycles of deposition are:

Complete Incomplete
Shale and sandstone Shale and clay
Iron ore ' Iron ore
Marine limestone Shale
Coal Coal
Clay i Clay

Thus the ore may lie directly on the limestone or be placed in the
shales above the coal. These ores vary much in color but are usually some
shade of bluish gray, light gray to very dark gray, depending on the quan-
tity of organic pigments present and on their dispersion. The siderite
ores are dense and often break with an immature conchoidal fracture.
The common range of specific gravity is from 3.00 to 3.80 depending on
the purity of the material. The chief deleterious materials are silica. and
clay matter. Pure siderite contains 48.20 per cent iron. In the natural
state the content of iron in the ores varies from 25 to 45 per cent but
usually ranges between 30 and 40 per cent. The carbonate ores were all
roasted before use in both the charcoal and coal furnaces. This reduced
them from 2FeCO, to Fe,O, and thus increased the yield of metal.

LIMONITE OR BROWN ORES

As a class the limonite ores are derived from the alteration of siderite
ores, from the decomposition of impure limestones and dolomites with en-
richment of ferruginous matter, and by direct precipitation under oxidizing
conditions of soluble iron salts in bogs, swamps, etc. They are amorphous
in character and vary from soft putty-like ochers to hard, dense ores.
The limonites consist essentially of the hydroxide limonite, 2Fe,0,3H,0,
bearing when pure 85.53 per cent iron oxide, Fe,O,, 14.47 per cent water,
H,O, and 59.82 per cent metallic iron, Fe. These ores vary much in
color from light buffs throughi browns to dark-.shades, the changes being
due to density, to texture, and to the effects of other coloring agencies
as carbonaceous matter, manganese compounds, etc. The denser ores
have a specific gravity usually around 3.6. Through weathering from
other rocks, especially from siderite, the limonite ores take ofi distinctive
forms known to the miners and furnace men as block ores, kidney ores,
shell ores. and the like. Although they reduced readily even in the short-
stack of the charcoal furnace, commonly they were roasted to remove the
combined water and to improve the physical properties. The limonite ores
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"were of vast importance in the iron industry in Ohio for over one-hundred
years.
HEMATITE ORES

True hematite ores are not abundant in Ohio but nevertheless occur
through a wide range of strata, from the Brassfield limestone in the lower
part of the Silurian system to the Creston Red beds in the Washington
series of the Permian system. They occur in both marine and fresh water
formations. Their origin is variable and not well understood. Such

hematites appear to have been formed as primary deposits from soluble

Fe< ggga through precipitation under oxidizing conditions and in the
8

absence of active carbon dioxide, CO,. They are not products of desic-
cation. Such ores occur most commonly as regularly stratified deposits
in the limestone formations and as nodules in red shales.  Each phase
will be discussed more fully elsewhere. The hematite ores vary in color
from bright red through brownish tints to very dark red. They are amor-
phous in character and assume wide textural differences fom soft, unctuous
ochers to dense, hard stone. Further, oolitic structures are not uncommon.
When pure the hematites range from 4.9 to 5.3 in specific gravity but the
common ores, owing to impurities, have less relative weight. They are
rich in iron and when pure yield 69.94 per cent metal. In former days
the native hematites were used only in a small way in iron making in
Ohio but in the future they may become of more importance.

BLACKBAND ORES

The blackband ores are directly associated with the coal beds, being
found within or above such strata, usually the latter. In Ohio the known
deposits fall in the Pottsville, Allegheny, and Conemaugh series of the
Pennsylvanian system. The ore bodies are decidedly lenticular in nature,
vary in extent from a few acres to several square miles, and change in
thickness in different parts of the lens from a few inches to 10 feet or
more. In the blackband ores the iron is in the form of the carbonate,
FeCO,. Along the outcrop, however, this may be changed to the limon-
ite form. They may be considered as shales high in ferruginous matter and
in organic residues which are in a fine state of division and act as the
chief coloring pigment. The normal color is dark brown or brownish
black. Commonly the ore has a definite banded appearance, hence the
name blackband, through varying shades of color along the bedding planes.
It thus presents a crude varve-like structure, the differences probably due
to seasonal changes in the quantity of organic matter preserved during
deposition. Owing to the presence of shaly matter, pyrite, organic mat-
ter, etc. the blackband ores are normally not rich in iron, the usual range
of this metal in the natural ore being between 25 and 35 per cent and in
the calcined product 40 to 53 per cent. The specific gravity of such ores
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is low, 2.3 to 2.6. Some of the blackband ores are high in manganese
compounds and most of them in the foundry grade in phosphorus. The
blackband ores were of much importance in eastern Ohio and along with
Sharon coal shaped up in iron industry of Youngstown, Hubbard Warren
and Massillon.

BOG ORES

“Bog iron ore is another rock formed through precipitation. It was
deposited from shallow surface and spring waters in swales and swamps.
The ferruginous component was gathered from the soils and consolidated
rocks on the uplands through the action of acids from decaying organic
HCO,

HCO,
and was precipitated in shallow water in the form of a yellow or orange-

colored sediment which on consolidation became ore. This change came
- about through general chemical activity, aided possibly by ‘iron bacteria.’
In this reaction soluble ferrous bicarbonate oxldlzes and hydrates to
limonite. The reaction follows:

4Fe<g58 + 0, = 2Fe,0; 3H,0 + 8CO,+ H 0

“Bog ore is open and spongy in texture, generally yellowish brown in
color, and usually more or less contaminated with impurities, chief of
which is clay matter. The ore bodies are uncertain in lateral extent and
variable in thickness. In size they vary from scattered nodules to sheets
of several acres. The thickness ranges from a few inches to several feet
but usually averages between 1 and 2 feet. In northern and especially
northeastern Ohio the bog ores formerly played an important part in iron
making. Such ore was most abundant along the Beach Ridges from Cleve-
land to the Pennsylvania-Ohio line.”* '

matter, was held in solution as the soluble ferrous bicarbonate, Fe<

FERRUGINOUS TUFA OR FERRUGINOUS TRAVERTINE

Ferruginous tufa, ferruginous travertine, or ocherous deposits are
commonly laid down from chalybeate or iron-bearing carbonate waters,
with ions of ferrous oxide, FeO, by loss of carbon dioxide, CO,, oxidation
of the ferrous oxide, FeO, to ferric oxide, Fe,O,, and hydration of the
ferric oxide to ferric hydrate or limonite, 2Fe,0, 3H, O In steps the re-
action may be written:

Fe<ggga = FeO + H,0 + 2CO,

. 2FeO 4 O = Fe,O,, hematite
2Fe,0, + 3H,0 = 2Fe,0,°3H,0, limonite

In many cases, however, the reaction does not proceed to limonite but only -
to hematite or to a mixture of the two. -

1Stout, Wilber, Geol. Survey Ohio, Fourth Series, Bull. 41, pp. 10-11.
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“Ferruginous deposits of this character occur around chalybeate
springs where a constant supply of the ferruginous component is present.
The precipitation of the iron mineral appears to be due to temperature
changes, to evaporation of water changing the concentration, to oxidation
from contact with air, and to precipitation through the formation of a
stable insoluble compound.

“Such deposits of ferruginous tufa or travertine vary considerably
in both physical and chemical properties. The common colors are dark
buff, orange, reddish brown, and dark brown. Other shades as light yel-
low, greenish buff, nearly black, etc, are occasionally found. The color-
ing pigments include the various oxides and hydroxides- of iron, peaty or
carbonaceous matter, and small quantities of manganese salts, ferrous car-
bonate, and sulphur impurities. In texture the ferruginous tufas and
travertinés vary from soft spongy through open porous, earthy and grainy
to hard dense rock. The compactness depends on original precipitation
and on secondary cementation after deposition. Such tufas and travertines
have found little application economically in Ohio.”*

MINERS’ TERMS OR LOCAL NAMES OF ORES

Practically all stratified beds are regularly jointed thus dividing the
strata into rectangular blocks. The spacing of the joints is dependent in-
a way on the thickness of the bed and on the character of the material.
With the ores the rectangles are approximately about equal to the thick-
ness in width and one and one-half that in length. The form of the ore
‘thus gave rise to such names as Big Red Block, Little Red Block, Sand
Block, etc. Such ore may be carbonate or limonite in character depending
. on the state of weathering.

With the kidney ores the form again gave rise to the name. These
are nodular or concretionary ores oval or kidney shaped. They are found
.bedded along a definite horizon or may be scattered indiscriminately in
shale. Such ore may be carbonate or limonite in character. In general
the kidney ores are thin, not over a few inches in thickness. The Red Kid-
ney ore found below the Middle Kittanning coal is a good example.

Shell ores, as the name implies, are limonites that through long and
intensive weathering have been reduced to an outer shell of more or less
concentric layers loosely cemented. The inner cavity may be hollow or
filled with soft ocherous ore. Such ores are most common along the out-
crop of the deposits and may be derived from either block or kidney ores.

With the nodular ores the term again is self explanatory. They occur
as nodules, irregular in ‘size and in form, scattered heterogeneously in
shales or confined to certain bands or zones in such rock. The size of the
nodules may vary from fine shot to several inches in diameter. The

1Stout Wilber, Geol. Survey Ohio, Fourth Series, Bull. 41, pp. 11-12.
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nodules may be siderite, limonite, or most typical hematite in character.
A good example of such an occurrence is the hematite nodules in the
Round Knob red shales in the Conemaugh series.

“Concretions are developed after the formation of strata. They are
balls or irregular lumps of material differing from that of the stratum
in which they occur. They are not pebbles, which are older than the
stratum which contains them and which were embedded just as we find
them, but are younger than the stratum and were formed subsequently.
This is shown by the fact that the planes of stratification may often be
traced through the concretion, and that fossils are sometimes found partly
within and partly without the nodule. In shape the concretions vary
greatly, from almost true spheres, to grotesque aggregations, but always
with rounded form, and almost as great a variety of material is found
among them. Very often a foreign body, like a fossil shell or leaf, forms
the center or nucleus of the nodule, which has been built up, often in
concentric layers, around the nucleus. One form of concretion, known
as septarium, is divided internally by radial cracks, which were subse-
quently filled up with some mineral deposited from solution by percolating
waters.”? The most outstanding example of concretions in Ohio are those
in the basal portion of the Ohio shale. The material is largely impure
siderite. ‘

In the cycles of deposition in the Pennsylvanian system, especially
in the Pottsville and Allegheny series, the succession of strata in ascending
order in some cases is clay, coal, limestone, iron ore, and shale or sand-
stone. The association of limestone and iron ore holds particularly true
with the Lower Mercer, Upper Mercer and Vanport limestones. The
last is well developed from central to southern Ohio and was readily
recognized by miners and furnacemen, hence the associated ore was known
simply as the “Limestone” ore. This is only a substitute name for Fer-
riferous ore which economically was the most prominent bed in Ohio sup-
porting most of the charcoal furnaces in the old Hanging Rock Iron Dis-
trict and some of the coal furnaces in the Hocking Valley.

“From the fact-that this ore is only found in the€ tops of the hills,
it is sometimes designated as the ‘Mountain’ ore; and the limestone [Ma-
honing], from its ferruginous character, assumes, on weathering, a brown-
ish color, and is hence often referred to as the ‘buff’ limestone, to dis-
tinguish it from the blue limestone [Putnam Hill] below. These ore beds
are detached outliers of a great ferruginous sheet which once covered
much of Stark, Carroll and Tuscarawas counties. Patches of this ore
sheet, separated from their connections by the erosion of the valleys of
the Sandy, Conotton, and Tuscarawas, occur in the isolated hills of Osna-

18cott, William B., Introduction to Geology, The Macmillan Company, 1905, pp. 227-929.
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burg and Paris townships, Stark County, Rose Township in Carroll, and
Sandy and Fairfield townships in Tuscarawas.”

The term ‘“flag” ore was applied by the miners to ferruginous de-
posits derived through weathering and enrichment from rather uniformly,
bedded limestones or calcareous sandstones. In general the “flag” ores
worked in Scioto, Lawrence, and Jackson counties were low in iron con-
tent but occurred with fair volume. They were utilized only in a small
way.,

The “Clayband” ores occur along definite zones in the soft clays or
shales of the coal formations. The normal ore was a siderite but on
weathering this changed to limonite. The “clayband” ores were of little
importance in iron making in Ohio. '

Various local names were also applied to ore bodies throughout the
State. Such names may be derived from the description of the place,
from the character of the material, from the property owner, from some
chance expression, etc. As examples: the “Snow Fork” ore was named
from the stream, Snow Fork, in the Hocking Valley area; the “Sour
Apple” was a nodular ore on the horizon of the Bolivar clay and worked
near Moxahala furnace in Perry County; thé “Hallelujah” ore of Mt.
Vernon furnace was present at about the level of the Mahoning limestone ;
the Boggs ore received its name from the Boggs farm near South Web-
ster in Scioto County, etc.

. INewberry, J. S., Geol. Survey Ohio, Vol. III, pp. 175-176.



SILURIAN SYSTEM

INTRODUCTION

In Ohio the Silurian system contains only small quantities of iron
ores and ferruginous materials other than the common quantities of iron
oxides normally present in the dolomites and limestones which make up
the great mass of rocks in this geological section. However, three furpaces
in Adams County were supported by ore gathered from the top of the
Niagara dolomite and one pocket furnace in Clinton County smelted some
ore from the Brassfield limestone. In Ohio the Elkhorn formation is
red in color and ferruginous in character but too lean to be considered
more than pigmented shale. ‘ :

ELKHORN MEMBER

The Elkhorn shale of Ohio is the Red Medina of the driller and the
Queenstown of New York. The formation is regional in distribution -
but variable in thickness even locally. The common measurements in
western Ohio are between 30 and go feet. The color of the shale is quite
distinctive, being red or brownish red. The dominant pigment is hema-
tite, Fe,O,. In the Tennessee and Alabama fields to the south this forma-
tion, a part of the Rockwood, appears to provide some iron ore. In Ohio -
one analysis shows:?* '

Ferri® oxide, Fe:0: = 244 per cent = 1.71 per cent Fe

Ferrous oxide, FeQO =— 146 ” ”» =113 ” »
: nyite Fes = 0.15 ” ” = 007 " ” ”
Total Co291

BRASSFIELD MEMBER

“The Brassfield limestone is present at the surface in an extended
area in southwestern Ohio.- The trend of its outcrop is northeastward
from the Indiana-Obhio line near Fairhaven across Preble and Montgomery
counties into central Miami County, thence southeastward across Clark,
Greene, Clinton, Highland, and Adams counties to the Ohio River near
Rome. The name Clinton was originally given to deposits in New York
by Vanuxem, in 1842. Then, Orton, in 1873, applied the term to lime-
stone deposits in Ohio occupying approximately a similar position in the
geological column. '

“In Ohio the thickness of the Brassfield member is from 20 to 60
feet with an average around 30 feet. ... . Locally in Adams, Highland, and

1Geol. Survey Ohio, Fourth Series, Bull. 42, pp. 388-836.

10



SILURIAN SYSTEM II

Clinton counties one or more layers in the middle portion of the formation
becomes very ferruginous and conspicuously oolitic and closely resembles
the famous Clinton ore of both the New York and the Tennessee-Alabama
fields. Its use for iron smelting was attempted at the Todd pocket fur-
nace in 1851, on Todd Fork north of Wilmington.”

The intention of the Clinton Furnace Company was to make iron from
‘the thin layers of lean calcareous ore in the Brassfield limestone. The
ore was mined along the south wall of the stream from the furnace east-
ward to the Xenia Highway. It is of the “fossil” oolitic type and much
resembles that worked at Olympia, Kentucky. at Rockwood, Tennessee,
and at Birmingham, Alabama. '

These ferruginous layers in the Brassfield member are present in
western Highland County and are conspicuous along Rocky Fork south
of Hillsboro and along Ohio Brush Creek in the southeastern part of the
area. The hematite-bearing layers are from 4 inches to 1 foot 8 inches
in thickness. These beds continue with some variation along Ohio Brush
Creek in Adams County and may have been used to a small extent by the
furnaces there. The richest ore observed is that at the surface and loose
blocks found along the streams. The geology of the ferruginous stratum
is shown in the following record taken in a road cut on Route 41 just
south of the bridge over Ohio Brush Creek, one mile southwest of Jack-
sonville, western Meigs Township, Adams County. Samples were taken
March 22, 1940, by Wilber Stout and Walter Stout. The rock section is
given below :?

Brassfield formation Ft. In.
Limestone, light, medium to massive layers, with only thin

PATHNES i vvirernnreraaeerrereeouncronacseannesocasss 5 10
Shale, calcareous, with a few layers of limestone, 2 to 6

inches in thickness. ........ooiiiiiinernnneceienennnnns 5 2
Shale, calcareous, with widely spaced layers of limestone,

2 to 6 inches in thickness.............ccvevieianeneann.. 9 10
Iron ore, brownish red, oolitic, massive, sample 264........ 1 2 -
Limestone, thin to medium bedded with shale partings..... 9 0
Shale, bluish gray, with thin limestones.................... 1 7
Limestone, thin to massive layers, hard, very fossiliferous,

some thin shale partings............... .00, 12 0
Limestone, massive, with much chert, fossiliferous......... 4 4
Limestone, thin to medium bedded with shale partings...... 6 2
Shale, calcareous, with thin layers of limestone............ 6 0
Limestone, shaly, drab to bluish gray, hard, a few fossils... 3 6
Shale, calcareous, bluish gray........cvvvveenrrerenennnns 3 4
Limestone, very shaly, bluish gray................ .00t 2 2
Shale, calcareous, gray............coiiiiiviernsnnnascnes 8

1Geol. Survey Ohio, Fourth Series, Buill. 42, p. 83.
*Geol. Survey Ohio, Fourth Series, Bull 42, pp. 49-51.
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Elkhorn formation

Shale, calcareous, pinkish, with thin layers of shaly lime-
3 0} 1T T 0
Road level.......coiiiiiiiiiiiii ittt e

“The chemical composition of the Brassfield iron ore is given below:
Analyst Downs Schaaf.

Silica, SiOz. . ittt 1.95
Alumina, Alen ................................................ 145
Ferric oxide, Fe:Osoovvvnneinn i e, 13.03
Ferrous oxide, FeO...... ... i i, 1.54
Pyrite, FeSseteuuereiniimii i e <0.01
Magnesium oxide, MgQO........... ... .. .. 0.72
Calcium oxide, CaO.......coiviiii e 42.90
Sodium oxide, Na:O........cooiiiiiiii i, 0.01
Potassium oxide, K:O.........c.iiiiiiiii i 0.03
Water, hydroscopic, H:O—......... ... ... ... iiiiiiiinn. 0.90
Water, combined, H-O-. .. ..., 1.70
Carbon dioxide, CO:z....ovvnn i e 35.24
Titanic oxide, TiOz. . ..o viii i e e 0.09
Phosphorus pentoxide, P2Os........coovinininiiiiiiiin... 0.25
Sulphur trioxide, SOs...... ..ot <0.01
Manganese oxide, MnO......... ... ... .. ... i i, 0.20
Carbon, organic, C..... L 0.02

Total .. 100.03

“The” mineral components in the ferruginous layer of the Brassfield
limestone, Sample 264, as determined by calculation (Stout) from the
analysis, are as given below :

Sericite, (K, Na):0-3Al1;056Si052H:0..............ccoouo. ... 0.36
Kaolinite, AlsOs2SiO22H:0. .. ... oo 331
Quartz or free silica, Si0,................ .. 0.25
Limonite, 2Fe.0:3H.O ... ... ... ... ... ... ... 843
Hematite, Fe,Os ...... ..o i 5.82
Pyrite, FeS: oo 0.00
Rutile, TiOs -« vnvneee e e e 0.09
Apatite, 3Ca0-P.O:x .. ... e 0.55
Anhydrite, Ca0-SO; ........ e 0.00
. MgO:-CO, 1.51
, Main components 3 c20.cO,  76.03................. .54
Limestone {parts in solid FeO-CO, - 2.8
solution MnO-CO, 032................. 2.80
Water, hydroscopic, HiO—......... ... ... iii.. cees 0.90
Hydrocarbons, CuH, n ..ovevnnnini 0.02
Unbalanced parts (excess CO: H.O) ... ..., " 0.04
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Metals
Irom, Fe ..o it R 10.31
Manganese, Mn ........oiiiiii i e 0.15
Phosphorus, P ... i i e 0.109
Fluxes
Magnesium oxide, MgO.. ... i 0.72
Calcium oxide, CaO........ .. i 12.9¢
Parts to be slagged off
Silica, Si0s vt e e 1.95
Aluming, ALOs ... oot it i e ir e ineanceiaan 145
Titanic oxide, TiO,. ... oo it i i i i 0.09"

Today such an ore would be useful as flux stone if the quantity
available was not so small. In an investigation of these ores for the
Columbus Iron and Steel Company, 1910, the richest ore found contained
about 22 per cent iron.

Examination of well cuttings shows that these ferruginous lavers in
the Brassfield limestone are present at least locally under deep covering in
central and eastern Ohio. Where found throughout the southwestern part
of the State these ores are definitely oolitic in character and the iron
largely in the form of hematite. On general correlation they are certainly
related to the Clinton ores of New York, the Olympia ores of Kentucky,
and the Rockwood ores of Tennessee and Alabama. In Ohio the Brass-
field ores are of more interest for their geological relationships than for
their economic value.

NIAGARA ORES

The Niagara ores are confined to the area of overlap in Adams, High-
land, Pike, and Ross counties where the Monroe, Columbus, Delaware, and
Olentangy formatibns are absent or where the Ohio shale rests on the
Niagara dolomite. The chief deposits worked, however, were in Adams
and Highland counties, in the so-called marl region, where the rock sur-
face was long exposed and much weathered thus reducing the rock to a
soft porous, marly condition. As described by Locke! the deposits are
very pockety and uncertain and limited in extent. The ore bodies occur
in large irregular masses in depressions in the upper surface of the dolo-
mite. They vary in thickness from a few inches to 10 feet and in diameter
from a few feet to many square rods. Along the outcrop and under shal-
low covering the ore is a soft limonite of moderate richness. It is decid-
edly open or cellular in texture, with thin plates or laminae forming the
walls. The cell openings are commonly filled with ochre, bright vellow
in color, and fine and plastic in grain. The common yield appears to have
been about three tons of raw ore for one ton of metal. These ores sup-
ported three furnaces, Brush Creek, 1811-1837, Steam, 1814-1839, and
Marble, 1816-1833, and provided some ore for Brush Creek, Steam, Rapid,
and Benner forges.

iGeol. Survey Ohio, Second Annual Report, part by Tohn Locke, 1838, pp. 237, ?53. Also
Vol. V, 1884, pp. 872 48,



DEVONIAN SYSTEM

INTRODUCTION

The Devonian system of rocks in Ohio contains little of interest to
the iron manufacturer except limestone for fluxing purposes. No good
iron ore is present in the entire formation. It is made up primarily of
dolomite, limestone, and shale. The most ferruginous materials are the
~ concretions in the Ohio shale. ‘

FERRUGINOUS CONCRETIONS IN OHIO SHALE

The concretions in the Ohio shale are always ferruginous in compo- -
sition but are not sufficiently rich to be considered as an iron ore. West-
gate states:* “The concretions are found only in the lower part of the
Ohio shale. . . . They are found entirely across the State of Ohio from the
Ohio River to Lake Erie, and even beyond the State boundaries. A well-
known locality outside the State is at Kettle Point, Ontario, where they
have been described by Daly. They appear to be related in some unknown
way to a water circulation through the Ohio shale just above the imper-
vious Olentangy shale; under conditions, of course, entirely different from
today, when the concretions are at the surface, in the zone of weathering
and subject to disintegration.

“The following analysis of the rock was made for the Geological
Survey of Ohio by Prof. D. J. Demorest:

Silica, Si0s vor it e e .. 9.08
Alumina, AlOs . oottt i i e e 1.87
Ferric oxide, FeOn oottt i 5.03
Phosphorus pentoxide, P:Os.. ..., trace
Titanic oxide, TiO; - ovrivieiiri e 0.12
Calcium oxide, CaO. ... i e e 27.29
Magnesium oxide, MgO.. ... ... i i e 13.80
Manganous oxide, MnO. ...t i 0.50
Carbon dioxide, COu..vovnnii i ieanieens a8.83
Carbon, C (organic) . ..o iiieiennnnns PP 225
SUIPhUr, O ottt s . 0.675
Moisture at 105°C, ... . . i e e 0.20

Total e e e e, N9.645

“The mineral composition of the rock has been calculated from the
chemical analysis and is given below. In this calculation the organic car-
bon, Ti0O,, and MnO have been ignored, and the total calculated to 100
per cent.

IWestgate, Lewis G., Geol. Survey Ohio, Fourth Series, Bull. 30, p. 55.
A3
14
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Dolomite (CaMg)COs .ovveiiirii it eiiiennn.s 65.26
Calcite, CaCOs ..ivrriiiit ettt it i e 15.07
Siderite, FECOs «vvtiitiiririn ittt ieinnceenerennsennnns 198
Kaolinite, Al:O32Si022H=0 ...eviiniriiiiiieiinieirinnannen 4.82
Quartz, S10: .................... P e 6.91
Pyrite, FeS: ..o e 1.31
Limonite, 2Fe.0:3H:0 ... e 1.65

1 100.00

Calculating the metals alone this gives:

Iron, Fe .. oo i e e e 3.52
Phosphorus, P ..o e e trace
Manganese, Mn .......oiiiiiiiemiiii i 0.39

Although these concretions in the Ohio shale have been suggested as
a source of iron, they are entirely too lean in the metals and too high in
slag components to be attractive. Other samples show up to 10 per cent
iron. Further, the quantity of such material at any one place is small.



MISSISSIPPIAN SYSTEM

INTRODUCTION

The Mississippian system is made up largely of sandstones and sili-
ceous shales. Locally the Maxville limestone appears at the top of the
section and a thin stratum, 16 to 25 feet, of dark carbonaceous shale, the
Sunbury, is found above the Berea sandstone. This great division of
rocks is impoverished in iron ores.

FERRUGINOUS MATERIALS IN THE WAVERLY GROUP

The shales in the lower part of the Waverly group of rocks, espe-
cially locally in the State, contain abundant nodules or concretions of fer-
ruginous matter. They may be spaced along certain zones or scattered
promiscuously through the strata. In size they vary from 1 inch or less
to several inches in length. The largest weighs several pounds. Unless
weathered the material is impure siderite, blue gray in color. In the main
these concretions were formed around fossil shells of marine types of
life. Such material was especially abundant (now flooded by the dams
in Ohio River) on the rock bar at Sciotoville. The material was low in
iron, little of it containing more than 20 per cent iron. There is no record
of this type of ore being used for iron making in the State.

In the upper part of the Waverly group, near the Allensville horizon,
thin lenses of iron ore were locally present in parts of southern Ohio.
These ore bodies occur on definite horizons, spmewhat sheet-like in forma-
tion. The common thickness is 2 to 6 inches. The material is very fos-
siliferous with crinoid stems, brachiopods, etc. and along the outcrop is a
soft limonite ore. Ores of this type were gathered along the outcrop
and smelted to a small extent in Harrison furnace in central Scioto County,
As a whole the ferruginous materials in the Waverly group of Ohio offer
little for iron making.

EROSION INTERVAL

INTRODUCTION

' A time break of some considerable Iength exists between the close
of the deposition of the known Mississippian rocks in Ohio and the earliest
of the deposits of the Pennsylvanian coal-bearing strata. The Maxville
limestone in this State is only a remnant of the thick formations of like
age found to the south and to the southwest in neighboring states. Fur-
ther, especially in northeastern Ohio, much of the Waverly group is miss-
ing. The only representative of this lost interval is the Harrison ore.

16
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HARRISON ORE

The Harrison ore is unique in that it is the remnant left of that
great erosion_period at the close of Mississippian time and preceding
normal Pennsylvanian deposition. The stratum is thus not comformable
with the Mississippian rocks below or with the Pennsylvanian rocks above.
It represents this lost erosion period. Such deposits are widely distributed
in Ohio, being found locally from the Ohio River in Scioto County to
the Ohio-Pennsylvania line in Mahoning and Trumbull counties. It is
extremely variable in deposition, in character, and in thickness.

“Its composition is variable. In places it is composed of a brecciated
mass of siliceous fragments cemented by iron compounds. This siliceous
material appears to be what was once pieces of Maxville limestone as it
contains imperfect impressions of marine animal life, and as it is usually
present not far distant from Maxville areas. In general, these pieces are
quite angular, which suggests their origin from shore deposits by wave
action or from land areas by weathering agencies. These limestone frag-
ments through solution lost their calcium and magnesium carbonate, and
by replacement gained additional silica. In other words, such deposits are
apparently the remains of deposits of Maxville limestone that were broken
up by terrestrial and littoral forces, strewn over the eroded Mississippian
plain by waves and currents, then covered by Pottsville sediments, and later
cemented by iron compounds deposited from ground waters that circulated
along this contact zone. At other places the Harrison member is a mix-
ture of angular, siliceous fragments and of well-rounded quartz pebbles,
the whole cemented by iron compounds. The pebbles are similar in every
respect to those that compose the Sharon conglomerate which in many
places lies directly above the ore or not far distant. In a few localities
this ore is a rather pure ferrous carbonate or, where weathered a hydrous
ferric oxide.”

Locally the Harrison becomes a fair grade iron ore and was worked,
mainly through necessity, to a small extent by Harrison furnace in Scioto
County, by Granville and Mary Ann furnaces in Licking County, and prob-
ably by a few others along this line of outcrop.?

\

1Geol. Survey Ohio, Fourth Series, Bull. 31, p. 65 .
*For references concerning the Harrison ore see:

Geol, Survey Obio, Vol. V. The Iron Ores of Ohio, pp. 878, 378,

Geol. Survey Ohio, Fourth Series, Bull, 13, p. 47,

Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 28-20, 477, 481-484, 505-506.

Geol, SBurvey Obio, Fourth Series, Bull. 21, pp. 4849,

Geol. Survey Ohio, Fourth Series, Bull. 25, pp. 14-17, 139-145.

Geol, Survey Ohio, Fourth Series, Bull. 31, pp. 68-69,

Geol, Survey Ohio, Unpublished report on Holmes County.,

Thesis, Ohio State University, 1833, Edgar Lee Stephenson, The Gedlogy of the Youngstoun
Region, pp. &2-62.



18 IRON-BEARING FORMATIONS

REGIONAL GEOLOGY
SCIOTO COUNTY

The Harrison ore is present locally in Harrison, Madison, Jefferson,
Valley, Porter, and Green townships. A few sections are given to show
the geological relations.

“The Harrison ore, which is somewhat fossiliferous, was found at
the forks of the road, on Niner Ridge, in Section 20, Harrison Township.
The measurement of the strata along this road is as follows:

Pottsville formation Ft.  In.
Shale ot e e s 12 0
Coal blossom, ARIRORY. . ..ovr et cirerceierianniannennns . .
Clay, impure, Sciotoville horizon............................. 3 0
Sandstone, thin-bedded ............ .. ..ol 11 0
Coal blossom ...ttt e .. ..
Shales, parts covered. ... ...t iiii e 32 0

Erosion interval

" Ore, Horrison «........ooiivinnnnnn. e ra bt i, 2 0

Logan formation

Shales and sandstones ............cc.ihiiiiiiiiiniieaaa... 120 o

- “On Nunn Hill, on the Scioto Fire Brick Company's property, in
Section 32, Harrison Township, is shown the following section:

Pottsville formation Fe. In
Sandstone, shaly ........ ... ... ... 20 0
Coal, bony, Anthony . .. .. i e it e .. 6
Clay, fint, Sciotoville. ............. ..ol it 3 ]
Shales and parts covered. .. ... i e 38 0

Erosion interval
Conglomerate zone, flint, boulders, shale, ferruginous clay, Har-
rison horizon ................... e e te i 2 0

Logan formation ................ et vaeaeeeen e,

“The Maxville limestone was not found in Madison Township but
the Harrison ore is present in several localities. In the eastern part of the
area, where the Sharon conglomerate is present, this brecciated mass of
flint and ore occurs directly below the base of the conglomerate, although
the ore is not persistent by any means. The relation of the Harrison ore
to other well recognized beds is shown in the following composite measure-
ment, taken on the land of Samuel Shoemaker, in Section 26, Madison
Township:

Pottsville formation - Ft.  In.
Shales and covered.....covrvriiiniireieenrreannereenanennns 30 0
Clay, flint, Sciotoville, outcrop exposure...............cvuen.. 3 0
Shales and covered.........coviiiiiii ittt ienaaan 24 0

1Geol. Survey Ohio, Fourth Series, Bull. 20, p. 482.
[dem., p. 482,



EROSION INTERVAL 19

Fi.  In,
Shales ......coiiiriiiriiineieir e, i 10 ]
Shales and covered.......ceviviiriirrennare e U 9 ¢
Coal, Sharon ...t iii ittt cirraaitereeinraras .. 4
Clay, bluish, 1ough. .. ouvvrernirineinerseernacnrerraanaennns 2 [{]
L0 R A 6 9
Sandstone, light, fine-grained, Sharon........... e 7 0
Erosion interval
Ore, Harrison ... . .oie i in it iiiaianaanannas i 0
Logan formation ...........veurevnanirerronersssosocncsarnennens

“At this place the ore was formerly mined by stripping, for use at
Harrison furnace.””

“In Jefferson Township the brecciated Harrison ore is well repre-
sented near the summits of the main ridges, and is often from 2 to 3 feet
in thickness. It is found at the base of a thick sandstone, which is evi-
dently the equivalent of the Sharon conglomerate. No sections were
taken showing the relation of the ore to well known beds, for only the
Sciotoville clay is present in the areas, and this is confined to a few isolated
patches.

“The Harrison ore deposits extend westward along the main ridges
from Jefferson Township into Valley, and have much the same character.

“In that part of Porter Township west of the Little Scioto River
the Maxville limestone was not found, while the brecciated Harrison ore
is present in only a few localities. In the part east of the above men-
tioned stream the ore was observed more frequently. . . . On the hill at the
mouth of Sugar Run, on the farm of Joseph Jenkins, in Section 14, the
following members were measured:

Pottsville formation Ft. 1

n.
R £ (- AU U 3 0
CoVered ouoviiinr it ietr e aeaeeretsaan s 3 0
Ore, soft, siliceous, Sharon, very fossiliferous................. 1 ]
(00 - D A 3 0
L3 171 1 6 0

Erosion interval

Ore, with flint and pebbles, Horrison. . .............c..ooia.. 1 0

Logan formation

“The Sharon ore in the above section is remarkably fossiliferous,
while ‘the Harrison ore contains only a few poorly preserved remains.”*

“The Harrison ore, in Green Township, has much the same general
character as it has in the townships considered, but at a few places it
has exceptional thickness. A composite section taken along Pattons Run
shows the relation of the ore to other important members. The record
follows:

Pottsville formation Ft.  In.
F 7 1T R o 11 A 7 0

1Geol. Survey Ohio, Fourth Series, Ball, 20, pp. 482.8.
dem., p. 483,
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Ft. In

Disconformity ... i i .. ..

Clay, flint, Sciotorille. .. ... ... ... .. cviiieiiiiiiiaenainann. 2 0

L0 ¢ 10 0

Sandstone, irregular, Sharos. ...t 20 0
Erosion interval

Ore, Harrison, brecciated mass of flint, ore, and clay........... 4 0

Logan formation

“In this locality the brecciated material should hardly be called an ore,
as it is only a conglomerate mass of flint, ore, and clay, in which the iron
oxides constitute only a small part of the whole.”

“Harrison furnace used the Harrison ore in Scioto County to a limited
extent. The deposits are uncertain, but often have good thickness, al-
though the quality of the ore is generally poor, as it is siliceous or is ad-
mixed with cherty material.””

PIKE COUNTY

In eastern Pike County the Harrison ore is usually present in Union
and Marion townships but it appears less frequently and in a more frag-
mentary form in Beaver and Jackson townships. Where observed the
member is from 2 inches to 2 feet in thickness. Commonly in the thicker
deposits the stratum is made up of a mass of brecciated flint, of quartz
pebbles, and of iron oxides, the latter the chief bonding component. The
best exposures are in eastern Union and western Marion townships. In
general the deposits are too lean to be considered as iron ores.

JACKSON COUNTY

“The Harrison ore is found only in the southern part of Hamilton
Township. The position of this ore is directly above the Maxville lime-
stone when both are present, but the ore is found in a number of places
where the limestone is absent. At some places this deposit is regular in
structure and constant in thickness and composition, while at other places,
where it represents the line of disconformity between the Mississippian
and Pennsylvanian series, it is very irregular in structure, and is com-
posed of a mixture of ore, flint, sandstone, and clay.

“In Section 24, Hamilton Township, the ore has been dug on the
Amos Canter and adjoining properties, where the strata are as follows:

Pottsville seriés Ft. In

Sandstone ........ooiiiiiiii e 3 0

Clay shale, light greenish. ... ... ... ... ... ittt 3 .0
Erosion interval

Limestone, with flint and ore, Harrison............... e 1 0

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 4834,
Ndem., p. 484,
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Mississippian series
Limestone, Maxuville ......... ... . .00 iii i 9

21

“In Section 27, on the property of D. E. Ruth, the ore was seen in

the bed of the stream along the road that leads from the Dever
Mabee. The section is as follows:

Pottsville series Ft.
Coal, Bear Run, reported thickness........................... 2
Covered, barometer measurement.................ouiuuiunennn 5

SRale L e e, 10
Erosion interval '

Ore, very irregular, with sandstone and chert, Harrison........
Logan formation

Shale, SIlICEOUS . .......¢eiiriiiiiie et i e 10

Valley to

In.

0
0
0

0

“The ore here is 85 feet below the Bear Run coal, while on the Canter
property, where the ore is in its natural position above the limestone, it is
only 21 feet below the same bed. The difference in interval is 64 feet,
which gives some idea of the disconformity or the extent of erosion that
took place at the close of Mississippian time. Near the center of Section
14, close to the bridge that crosses the Little Scioto, on the land of Philip

Meldick, the strata exposed are as given below:

Pottsville series Ft.
Sandstone, coarse-grained, irony Y Sharon .................... 1
Shale, blue conglomerate ..............
Sandstone, coarse-grained, irony } equivalent ................. 1

Erosion interval
Ore, composed of small nodules, Harrison.....................

Clay shale, light..........coiiiiiiii e eaanan 2
Logan formation

Sandstone, with parts covered.................. . iiiiiiiio.., 15

Shale, soft, yellowish........ .. .. ... ... ... e 1

“About 200 vards west of this another section shows the
members :

Pottsville series Ft.
Sandstone . ... 4
Shale, with Guinea Fowl ore in interval................. e 5
Coal blossom, Anthony......... ... . oo iiininiinnnnnn. ..
Clay, plastic, Sctotorille. ... ... .. ... . ... . i i iiiiiiiiann 4
Shales and covered.............itmiiiiiiii it 18

Erosion interval
Ore, small nodules of ore cemented.by iron oxides, with light
clay sandstone nodules and a few pebbles, Harrison.........
Logan formation
Sandstone, shaly ............o i e e 11
Sandstone, ferruginous ............cc..iieeiiiiiiiiie . ..
Sandstone, light blue........... ... ..o i i 3

In.

10
1

10

following

o 3O >R

w0
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“The quality of the Harrison ore is usually poor as it is more or less
siliceous or flinty. Small amounts were mined in a few localities for the
charcoal furnaces [Jackson, Monroe] during their periods of activity,
but at present [1916] the ore is of no importance.”

VINTON COUNTY

“The distribution of the Harrison member is quite local in Vinton
County as deposits were observed only in the western part of Richland
Township. Near the head of Pleasant Valley in Section 30, small masses
of typical material are present but poorly exposed at an elevation of about
800 feet, along the contact between shales of the Waverly and sandstones
of the Pottsville. The deposits exposed vary in thickness from 3 inches
to 1 foot 4 inches, and in character from loosely cemented breccia to
very impure iron ore. The Harrison member is also well represented on
the headwaters of Kelley Branch in Section 20. Along the road in the
southeastern part of the area, the following rocks were measured :

Pottsville formation Ft.  In
Sandstone, soft, micaceous, cross-bedded....................... 8 0

Erosion interval
Breccia, with pebbles and sand, Harrison.................... .. .. 8

Logan formation
Sandstone, bluish-gray, argillaceous........................... 3 0

“The elevation of the Harrison member at this place is approximately
780 feet, and the thickness of the bed is 4 to 10 inches. It is made up of
angular fragments from decay of siliceous limestone, of quartz pebbles
and of coarse sand similar to that in the Sharon conglomerate, and of iron
oxides which are the chief bonding component. Other deposits were also
observed along western tributaries of Kelley Branch in Section 20. The
Harrison member in Vinton County has no qualities that fit it for use and
it is of stratigraphic interest purely.”*

HOCKING COUNTY

The Harrison member is locally present in Hocking County in Ben-
ton, Laurel, Falls, and Marion townships. It is generally an impure iron
ore only a few inches in thickness. Probably it was utilized to a small
extent by Union and Logan charcoal furnaces. '

PERRY COUNTY

In Perry County in the areas in which the Maxville limestone is
present the Harrison ore has fair continuity and separates the Maxville
formation from the Pottsville strata. The material varies much from

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 28-29.
2Geol. Survey Ohio, Fourth Series, Bull. 31, pp. 88-60.
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place to place in composition and in thickness. The record given below
was taken on the Frank Howdysell property south of the bridge across
Little Monday Creek, east of the highway, in the northeast quarter of
Section 20, Monday Creek Township, Perry County :

Pottsville series Ft.  In.
Shale, BIay .. .oeonitr ettt e 10 0
Coal smut, ABhONY. ... .ot iteeieiaeeenneann 3
Clay, plastic, siliceous, gray, Sciotozille....................... 2 1
Shale, dark, somewhat fissile........... ... ... ... 2 2
Shale, dark gray..........c.cciiiien.... PPN 6 6

Erosion interval
Ore, Harrison .......c.o.uniiuenaai et ereeiieenennnnnn 2 3

Maxville formation
Shale, calcareous .........c.cvuiiririrnineannaeneerenennnnn
Limestone, thin to massive beds, gray, dense................... R 5
Limestone, brecciated, conglomeratic, irregular............. e . 9

Logan formation
Shales and covered............. P 40 0

The Harrison member at this place consists of brecciated flint and
limestone, some quartz pebbles, and iron ore, both as nodules and as
cement. The bed appears again above the limestone on Jonathan Creek
in Madison Township.

“On the top of the Maxville limestone iron ore was seen at several
points. On the farm of Edward Danison, in Section 16, Madison Town-
ship, this ore was found from 4 to 8 inches thick. A sample of this ore
was analyzed by Prof. Wormley. The results are given below:

Specific gravity ...........: e e et i 3.600
Protoxide of iron........ ... i 37.36
Sesquioxide of Tron. ....veieeieinenranrreieereiacrannnrennnns 13.30
Manganese ... e e 430
AUMING ... et cees
) R TR 2.90
Magnesia .. ..ot e 2.77
Foreign matter .........oiiiiiiiiiiiiii et 5.32
Carbonic acid ........... . i e e 28.10
Sulphuric acid ... ... ... trace
Phosphoric acid ........ e e e e e trace
Combined water ...........coiiiiirii e it 5.70
7 -3 0.25

30 N <o 100.00
Metallic Trom & vn ettt it ettt i 38.87

“This ore is interesting, as containing 4.30 per cent of manganese.
No alumina was found, which is remarkable for a coal-measures ore, and
ore overlaid by a shale containing much clay. Of sulphur and phosphor-
us it contains only a trace. The percentage of metallic iron, 38.87, added



24 IRON-BEARING FORMATIONS

to the unusual purity, would make this a desirable ore for making iron,
if it can be obtained in sufficient quantity.”

Morse® shows that the Harrison ore is rather constantly present be-
tween the Maxuville limestone and the basal Pottsville beds along Jonathan
Creek in Perry and Muskingum counties. The thickness of the ore varies
from 2 to 12 inches but averages close to 5 inches. The following record
given by Morse and taken in the railroad cut in south central Section 15,
Madison Township, Perry County, is representative and shows the geo-
logical features quite well:®

. Ft. In
Top of cut, soil. ... ..o i e e 3 0
Sharon member
Shales and talus........ ... .. i 5 0
(Erosion interval)
Iron Ore .o i e .. 3
Maxville limestone
ClaY ceeiiti i e . 5
Limestone, generally massive................... [ 4 0
Limestone, bluish to pinkish................................. 1 8
Limestone, massive .............oiiiiiiiiiiiiiai it 2 0
Limestone, shaly ........ .. . i, 3 6
Limestone, shaly ........ ... ... ..o it 1 9
Logan formation
Shales and sandstones. ...............c.coiiiiiiiiiiiiiean... 12 1

MUSKINGUM COUNTY

The Harrison ore is represented locally along the contact of the Mis-
sissippian and Pennsylvanian rocks in western Muskingum County.*
“The general features of the formation are illustrated in the following
section taken on land of Frank Fink in the southeastern part of Section 13,
Hopewell Township:

Pottsville formation Ft.  In.
Shale, blue ...... ... ... ... e 3 0
Shale, dark, fissile............ouiiiiii e .. 10
Clay, siliCEOUS ...ttt it e e aaanaanees 1 K

Erosion interval
Ore, SICEOUS | - vt ireiee e et iieeieanannnn.

Shale Harrison ... e
Ore, siliceous) ............c...... e,

D W e 3

Maxville IMestone .........eoiuinimiiriiiiinereanaennn, e 0to6

“In the above section the Harrison ore lies on the eroded surface oi
the Maxville limestone where this formation is present, and on the Logan

1Geol. Survey Ohio. Report of Progress 1869, pp. 121, 127.

*Morse, W. C., Geol. Survey Ohio, Fourth Series, Bull. 12, pp. 38-58.
3Idem., p. 41.

4Geol. Survey Ohio. Fourth Series, Bull. 21, pp. 18-44,
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shales where the Maxville is absent. In Section 4, north, Hopewell Town-
ship, on the property of W. E. Tewksbury, the following strata were ex-
posed for measurement:

Pottsville formation Fi. In.
Sandstone, massive, Masstlon. .. ... i iii i, 20 0
Shale ind covered. .. .. it e 15 ¢

Erosion interval
Ore, Harrison ...t aaiervrsineannannn .. 10

Logan formation
Shale ... e e e e 5 0

“At this place the Harrison ore lies between shales, but is irregularly
bedded. This is the usual condition of the member, where observed, in
Licking and Jackson townships. . . .

“The Harrison ore at its best is low-grade, ranking below the Mercer
deposits. It is usually siliceous in character, uncertain in extent, and vari-
able in thickness. The iron is in the carbonate form unless weathered to
the oxide state, This ore was worked to a small extent for the early forges
and furnaces in the region.”

COSHOCTON COUNTY

“Northeast of Warsaw, in Coshocton County, the Harrison horizon
is marked by local deposits of siliceous limestone fragments and quartz
pebbles, partially cemented by iron compounds. These deposits are very
similar in every respect to those found in Jackson and Scioto counties.”™

“The ore has been found in nearly all parts of the region which have
been studied [Jefferson and Bedford townships, Coshocton County] where
the base of the Pennsylvanian system is exposed. Definite measurements
have been made of its thickness ranging from 2 inches to 1 foot 2 inches.
However, at two places, Tarkiln School in the northern part of Section g,
Jefferson Township, and in the eastern part of Section 8, Jefferson Town-
ship, the abundance of chert pebbles and cobbles weathered from the ore
indicates a thickness greater than any definitely determined, possibly 2 to
3 feet.

“The following section is typical of some of the thicker exposures of
the Harrison ore. It was taken along the east-west road, in the south
. central portion of Section 3, Jefferson Township.

Ft.  In.

(Pottsville series)
Limestone, dark, Lower Mercer. .. ..o iiiiiineenans 1 0
Coal smut, Middle Mercer.. .. ... ovieeiinieeiniinnarnannn .. 1
L1 PRI 1 0
Covered interval ... it it i, 33 b1
Sandstone and covered intervals......... .. ... iiiiiiinia., 37 0

1Geol, Survey Ohio, Fourth Series, Bull, 21, p. 49,
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Ft.  In.
Sandstone, ferruginous, micaceous................cvieiiuan... 5 10
Shale, sandy, MICACEOUS. .t vvvreeereenneeneraeenneereineenns 10 0
(Erosion interval)
Sandstone, massive, very ferruginous with white chert nodules
up to 4% inches in diameter and containing Maxville fossils,
Also ore nodules up to 5 inches in diameter, Harrison....... 1 2
Logan formation
SaANdStONE . uvivtieii i i i e e ey 16 0

“The Harrison ore is a thin but persistent unit if one bears in mind
the fact that it was developed by the advancing Peninsylvanian seas, largely
from mantle rock, upon an uneven land surface that had developed by the
beginning of the Pennsylvanian period. It, therefore, lines the erosional
depressions in which the lower Pottsville sediments were deposited, and
is the time equivalent of the several members within the depression.” !

LICKING COUNTY

In Licking County the Harrison ore is represented locally in the
eastern townships, Bowling Green, Hopewell, Franklin, Hanover, Newark,
Perry, Mary Ann, Fallsbury, and Eden. Some ore from this member was
supplied to both Mary Ann and Granville furnaces. It was stripped along
the outcrop and hauled by wagon to the furnaces. Although the ore was
a lean limonite, it made a good foundry iron.

HOLMES COUNTY

Across Holmes County the erosion interval between the Mississip-
pian and the Pennsylvanian systems is marked locally by a few inches of
Harrison ore. In general the ore is of fair quality but thus of small
volume.

NORTHEAST OHIO

In northeastern Ohio in Medina, Summit, Geauga, and Portage coun-
ties, owing to the lack of good exposures through the glacial drift and to
the meagerness of field work, the Harrison ore is not recorded. More
detailed work will probably show its presence, at least locally.

TRUMBULL COUNTY

“The Harrison member is present about two miles west of Sharon,
in Brookfield Township, Trumbull County, in the old Rose and Son quarry.
. . . The Harrison ore in this quarry is a massive, coarse-grained, impure
sandstone from 6 to 18 inches thick, which is heavily charged with yellow
to brown iron oxide. The top of the sandstone is even, but the base is

1Thesis of Theodore Ralph Meyers, 1829, Ohio State University, The Geology of Jefferson
and Bedford Towmships, Coshocton County, Ohio.
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quite irregular. In places the rock is a mass of saridy iron ore and iron
nodules. There is much secondary silica deposited through the horizon
and the rock is in general quite hard and firm. The ore contains numerous
fossils, mainly fish teeth and spines. The section in the quarry is as fol-
lows:

Pottsville series Ft.  In.
Sandstone, gray, coarse-grained, massive, in part conglomeratic,

Sharon ...t i [ 50 6
Covered ...vniininie e et i 6 0
Sandstone, yellowish gray, fine-grained, thin-bedded, with some

interbedded shale ......c.coiiiiini i 1 6

(Erosion interval) )
Ore, arenaceous, siliceous, fossiliferous, Harrison............., 1 0
Cuyahoga formation
Sandstone and shale, blue-gray, thin-bedded, interbedded...... 30 073
Conclusions

Thus the evidence shows that the Harrison ore is wide-spread, extend-
ing across the State from the Ohio River in Scioto County to the Ohio-
Pennsylvania state line in Trumbull County. The stratum lacks continu-
ity, however, often being absent from the section. It is variable in com-
position, ranging from a ferruginous cemented mass of brecciated chert
and quartz pebbles to an iron ore of fair purity, either carbonate or limon-
. ite, depending on the state of oxidation. In thickness it undergoes rapid
changes, the range being from 2 inches to 4 feet. The ore is best when
thin, 2 to 10 inches in thickness. It was smelted to a small extent in a
number of the old charcoal furnaces and forges located close to the Mis-
sissippian-Pennsylvanian contact. The Harrison ore offers little for the
future. o

1Thesis, Edgar Lee Stephenson, Ohio State University, 1938, The Geology of the Youngstouwn
Region, pp. 62-83,



PENNSYLVANIAN SYSTEM

In Ohio the Pennsylvanian system of rocks approximates 1,115 feet in
thickness and 12,340 square miles in extent. It is made up of shales,
sandstones, limestones, flints, clays, coals, and iron ores. Aside from that
highly dispersed the ferruginous matter occurs in regularly stratified
beds, commonly associated with the marine limestones, and in nodular
forms and in irregularly bedded layers, most largely in the fresh-water
formations. Ore is well distributed throughout the column but at no
horizon does it occur in large quantities. The grade ranges from lean to
rich in iron, and from low to high in secondary components, phosphorus,
manganese and sulphur. Such ores were worked regularly and continu-
ously for furnace burdens from the erection of Hopewell furnace, in 1804,
on Yellow Creek in Mahoning County, to the closing of Jefferson furnace,
in December, 1916, near Oak Hill in Jackson County. The iron produced
was of good quality and was converted into a large variety of useful
products for home consumption and for distant markets. During this long
period native ore from the coal formations was used for the entire ore
burden in some 62 charcoal furnaces and for all or a part of the ore burden
in approximately 45 coal furnaces. Small contributions were also made
to some of the more modern coke furnaces. The counties that thus pro-
vided ore in a large way were Scioto, Lawrence, Gallia, Vinton, Hocking,
Athens, Perry, Muskingum, Licking, Coshocton, Holmes, Tuscarawas,
Belmont, Jefferson, Columbiana, Stark, Mahoning, Trumbull and Summit.

SHARON BLACKBAND ORE
INTRODUCTION

The blackband ores are directly associated with the coal beds. They
were either stratified with the coal, as the Sharon, or were deposited just
above it, as the Freeport, more commonly the latter. Such ores were laid
down in the presence of decaying vegetable matter where the carbon
dioxide liberated was just sufficient to cause the precipitation of the soluble
iron salts brought into the swamp area as ferrous carbonate.

The Sharon blackband ore was deposited within the coal, more in the
form of a parting. It contains a high percentage of organic matter, much
decomposed, which acts as the chief coloring pigment. The mineral resi-
due consists largely of fine-grained silt or shaly matter, normal in texture
and in composition for quiet water deposition. Pyrite, as may be expected
from the organic content, is a constant component. The Sharon black-
band ore is definitely but not prominently banded by brown and black
layers. It shows a varve-like structure as if laid down under seasonal
changes. The color of the unweathered ore is brown black, the shade

28
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varying somewhat with the content of organic matter. The Sharon black-
band ore and Sharon coal were of vast importance in the development of
the iron and steel industries in the Mahoning Valley.

The deposits of blackband ore with the Sharon coal are confined to
Trumbull and Mahoning counties. The story of the discovery of the
ore in this area is given by Roy who states;* ‘“The first coal mined at
Mineral Ridge (Weathersfield Township, Trumbull County) occurred in
the year 1835, the mines being opened at Coal Run, on the land of Michael
Ohl. In 1833, Roger Hill, a Pennsylvanian, who had formerly mined coal
in Beaver County, of that State, moved to Mineral Ridge. He pointed out
a coal bed to Mr. Ohl, which, on being opened, proved to be 4 feet thick.
Hill, who was employed to open the mine, in drifting into the hill, selected
a square and heavy piece of the mineral, which differed in weight and ap-
pearance from the body of the seam, and carried it home to test its quali-
ties. The piece refused to burn, and was pronounced bastard cannel, or
black stone. It was afterward left unwrought in the mine, forming the
floor of the excavation. .

“In 1854 John Lewis, an English miner, who had mined blackband
ore in the old country, settled at Mineral Ridge. One day, while digging
up the floor of his room to set a prop, he was struck with the similarity of
the floor to the backband ore in Victoria mines, in England. He informed

" the proprietors of the mine, Messrs. Ward & Co., that the floor of the
‘mine was a deposit of blackband ore. The proprietors directed the Eng-
lish miner to mine and calcine some of the ore, which was done with
promising results. All the workings were now reopened, and the black-
band mined out. The stratum of ore ranged in thickness from 1 inch to
1 foot, and after being calcined yielded 50 per cent of iron. Several years
elapsed before the full value of this discovery was appreciated; the art
of calcining the ore, and mixing it judiciously not being properly under-
stood. In 1868 the pig iron, made from a judicious mixture of the black-
band and Lake Superior ores, produced an iron which was eagerly sought
for, and since that time pig iron of the Mahoning Valley has taken the
front rank in market, being known and prized as ‘American Scotch’.”

The Sharon blackband ore is limited to restricted areas in Trumbull
and Mahoning counties. The ore bodies consist of lenses within the coal

" which in itself is confined to channel-like areas of no large extent in any

particular basin. The larger deposits were in Trumbull County. This ore
played an important part in the development of the iron and steel industry
in the Youngstown district. The smelting of iron here began with the
building of Hopewell furnace, on Yellow Creek, in 1804, changed to coal
with the erection of Mary furnace at Lowellville in 1845, added blackband
ore in 1854, and eventually turned to Lake ores and coke after 1860. The
furnaces that used blackband ore to some extent were Mary, Eagle, Wood

1Roy, Andrew, Geol. Survey Ohio, Vol. V, pp. 320-321.
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or Tod No. 1, Phoenix, Falcon, Porter, Grace No. 1, Himrod No. 1,
Elizabeth, Ashland No. 1, Ashland No. 2, Grace No. 2, Himrod No. 2,
Haselton No. 1, Himrod No. 3, Haselton No. 2, Thomas, and possibly a
few others.

MINERAL RIDGE FIELD®

“Over a considerable area in the southern part of Weathersfield, in
Trumbull County, and the north-western part of Austintown, in Mahoning
—the Mineral Ridge belt, Coal No. 1 is accompanied with a stratum of
blackband iron ore of good quality, which has been worked for many years,
[since 1854] and has proved an important element in the economic re-
sources of the Mahoning Valley. This iron ore is the upper part of a
stratum -of bituminous shale, highly charged with iron, and is clearly the
carbonaceous mud that was deposited in a lake or body of open water
which occupied a considerable portion of the area of one of the most im-
portant coal basins of this region. . Usually the iron ore forms a continuous
sheet from six to ten inches in thickness, capping a band of black shale
two feet thick, both of which divide the coal seam into two benches. The
lower bench, usually from one to two feet thick, is typical block coal of
excellent quality ; the upper bench, from two and a half to three feet thick,
is considerably unlike most of the Mahoning Valley coal, breaking with
more irregular fracture, having a pitchy luster and containing considerable
more bitumen. These differences led to the impression that the Mineral
Ridge coal was a different seam from that mined in the Mahoning Valley;
and it was for a long time known as the ‘Blackband coal.” Abundant evi-
dence has, however, been gained that they are essentially the same, though
it is quite possible that the lower bench in the Mineral Ridge coal is the
only representative of the block coal, while the upper bench, accumulated
a little later, and only in the district where it is found. That the blackband
ore and its associated black shale were deposited in a lagoon or lake in the
coal marsh, is proved by the great number of bivalve crustaceans, (Es-
- theria) found in it. Similar fossils usually accompany blackband ore and
are regarded as quite decisive as to its mode of formation.

“The history of the deposit of the Mineral Ridge coal seems to have
been something as follows: A broad and shallow basin was for a time
occupied by a sheet of vegetation from which a stratum of peat of limited
thickness was formed. This, from the nature of the vegetation, or the
prevalent physical conditions, produced an open-burning or block coal.
When the growth of peat was sufficient to produce from one to two feet
of coal, the basin was flooded with water, and at least a part of it became
a lake. In this lake a carbonaceous mud was slowly deposited, and when
two feet in thickness, iron began to be precipitated with it in considerable
quantity. This formed the stratum of blackband ore. Subsequently the

iNewberry, J. S., Geol. Survey Ohio, Vol. III, pp. 790-791.
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lagoon was invaded and occupied by vegetation, and a thicker bed of peat
than the first was accumulated over the surface; this second peat bed—
probably from its more constant saturation or submersion in water—pro-
duced a more homogeneous and bituminous coal, the thicker upper bench.
The causes which operated to produce the deposit of iron in this lagoon,
were probably the shallowing of the water, its more complete evaporation,
and thus the deposition of the iron which before flowed away in solution
as a part of the freer drainage.”

The following section of the Tod, Wells and Company mine, located
in Lot 21, Austintown Township, Mahoning County, at the southeast edge
of the village of Mineral Ridge is representative:*

Fi.  In
B DY PP 13 0
Sand-rock [Massillon] ............... e 26 0
SHAle, BTAY v uriurrninneearatat e can it aaen 15 0
Shale, Black ... iviiiiiiii i iere i crear e aaranraans 20 0
“Coal, [Quakertown] ... ... ... e 1 10
Shale, Bray ..ottt i 15 0
Shale, brown ........ e e 12 0
Shale, black ..ottt i e ey 24 0
Sand-roCK ..t et e 7 0
Coal, top....c.ov oL e, b, 3 0
Ore, blackband ¥  f.oieiiiiiiii it e . )
Shale, black Sharon }..ooveeiiiiiiiiiiiiriiiiiiiene, 2 0

Coal, block ) e s . 10"

An analysis of the blackband ore from Mineral Ridge was made
by Dr. Wormley.? The results follow:

SpeCific Bravity .. vttt e 2,494
Volatile matter .. ... ineine i iiiiicieancnaraanannanans 30.50
Siliceous MAEr ... ovvivvrrrenriaaaan, e 1184
Carbonate 0f ITOm. .. .ot ittt it iaeeaaeeaaranns 43.26
Sesquioxide of Iron. ... ... vt e 9,94
N 0T T Y trace
Oxide of MANBANESE. ... rivii e iiirtritneaaneearirrnecnrarrans 1.00
Phosphate of lime. ... ... oottt eieennennn s trace
Carbonate of me. .. .ovirn it i eraee ire e 1.87
Carbonate of magnesia..........ccovrmiiiiaininnrcaininnenen 2.03
B 1T 7Y 0 AU 0.18
T I 99.62
Metallic 1r0n .ovivrrrniiit it e nenannenanaans 27.12
Phosphoric acid .. ..vvnviiiniiiiirii i hereee trace

1Section from Geol. Survey Ohio, Veol. III, pp. 800-801.
2Geol. Survey Ohio, Vol, 111, pp. 813814,
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The analysis of a sample of blackband ore by N. W. Lord from the
John Henry mine of Austintown Township follows:!

Bt 1 T O N 7.15
Iron sesquioxide .. ...ttt 31.26
Iron sulphide ... it i 2.52
Alumina ...... P R ey 4.62
DT 1.36
Magnesia ..ovett i i e i e 131
Oxide Of MaN@anese .........c...vvvueireeeronrarviarusonceenses 0.55
Phosphoric acid .....ooiniinner i e e 0.33
I 3 TS 144
Volatile and combustible matter......... .. ..ot 4756
B T 1.85

0~ 99.95
Metallic 110m ..ottt it ittt iii et iir e araaas 24.40
Phosphorus «.oiiiriiiiiiiii it e, e 0.145
SUlDRUT L. e e 1.44”

Present status

The main quantity of both ore and coal from the Sharon member of
the Mineral Ridge field was exhausted by 1885. However, both minerals
were of importance for a period of some forty years and helped shape up
the iron and steel industry of the Mahoning Valley. Modern mining
methods will yet recover small quantities of both coal and ore.®

SHARON ORE
INTRODUCTION

Owing to the restriction of the Sharon coal, in Ohio, to rather local
fields and to variation of deposits following coal deposition, the Sharon
ore at best is poorly represented. The only utilization of the material for
iron smelting was in Jackson County.”

JACKSON COUNTY FIELD

“The horizon of the Sharon ore is close above that of the Sharon coal.
In some cases the ore lies directly on the coal, while at other places it may
be 15 or 20 feet above it. In Jackson County the member is uncertain and
is found in only a few localities. As a usual thing the ore is fossiliferous,
which character is thus of some aid in the correlation of the members neat
the base of the Pottsville. In a local area, west of Jackson, a blackband
ore is found on this horizon,

3Geol. Survey Ohio, Vol. V, 1884, p. 883,
2For fossils of Harrison ore see Geol, Survey Ohio, Fourth Series, Bull. 23, pp. 1417,
3Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 71.72.
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“In Section 28, Liberty Township, at the Decatur No. 1 mine, on the
N. B. Wood property, the section obtained shows this ore and the relation
to the coal below. The record follows:

Ft. In,
Sandstone, with small kidney ore nodules...................... 1 0
Sandstone, coarse-grained, with pebbles..... ettt 2 4
Ore, nodular, Sharon, irregular, present in places only........ .. 6
Shale, blue ... .ottt e e 2 6
Coal, good } .. e 2 11
Coal bony } Sharon ; ................................... 40
Clay ....viviiiiiiinana... f e ettt e, 1 0

. Conglomerate, Sharon, not measured...............coveven..

“At the Glen Nell mine, in Section 20, Washington Township, the
Sharon ore lies close to the Sharon coal, as shown by the following sec-
tion:

Ft. In.
Sandstone, coarse-grained, interbedded........................ 12 0
Ore, Sharon, irregularly bedded, with pebbles in places, fossilif-
BIOUS o veveveranasonaesesessanaesoteenrannencnsseronanssnn .. 7
Shale, dark, carbonaceous.......covvieiviininenrennerennnnn ..
Coal, Sharom .......vuviiiiieiinieirniseneeersoesenceannns 3 1

“In some parts of the mine the ore is reported to lie on the coal while
in other parts it is a foot or two above. It is also reported very uncer-
tain. The relation of the ore to the coal below is shown in a section taken
on land of J. L. Goodrich in Section 16, Washington Township. The
section is given below :

Ft. In
Shale, sandy ......ovviiiniiiiiiiiii ittt ini e, 6 0
Ore, Sharon, with some pebbles, fossiliferous................. .. 0
Sandstones, shaly, and shales, sandy......................... 14 6
Coal, Sharon, part bony.....covieerireiniiiiiiieeeeannannnn. 2 0

“The Sharon ore was found along the road that leads from Ray to
the ridge in the northern part of Section 12, Jackson Township. The ore
and its relation to other members are shown in the following section:

Pottsville formation - F&. In.
Sandstone, Massillon, highly cross-bedded, coarse-grained, same
as seen at Richland furnace........ N 48 0
(0037 4« 4 0
Coal blossom, Anthony. ... ... .oooiieiiiiiiiiiiiiiiiinn.. .. 6
Clay, part plastic and part flinty, Sciotoville.................. 1 6
Sandstone and covered.......... ...t 4 0
Shale, part sandy........ceviieieniriininennneeennreennnnnn. 7 0
Covered ..uiviiiiiiit e e i, 9 0
Shale « ittt e e e e 4 0
Ore, SROrom ..o e e e e .. 4
Shale .ot i e e e e 3 8
Shale, dark, carbonaceous, Sharon coal horizon............... 4 0
Clay and clay-bonded sandstone, light.......................... 2 0
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Sandstone, coarse-grained
Sandstone and sandy shales

Erosion interval
Conglomerate, pebbly with flint, brecciated, Harrison ore horizon 2

Logan formation

3
sSharon conglomerate, equivalent { 15

Sandstone ........iiiiiiii e 3
Conglomerate, fine-grained, Allensville. .. ..................... 2
Shales and sandstones...............coiiiiiiniiiianinnan... 140

“The Sharon ore has been worked at only a few places in Jackson
County. The old charcoal furnaces obtained small amounts of ore from
this horizon, and the present furnaces [1916] have used some obtained as
a secondary product from coal mines. The ore is low in iron, usually

siliceous, and variable in composition.”

The quality of the ore is shown by the analysis given below of a
sample taken on the land of Hon. George M. Parsons, E. 14 of S. W. 14

Section 6, Lick Township:*

OPECIIC GravVItY .. ov ittt e
Water, combined ........ ... ... i i
Siliceous matter ........iihiiiiii i e i e it
Tron sesquioxide .......... i i

AWIMING « ottt e e e '

Manganese ... it e e e
Phosphate lime ...........ccoiuiiiiiiiiii i

Phosphate magnesia ............coiiiiiiiiiiiiii i

Carbonate of magnesia .............ccoviiiiiiniiiiiinininneennn
SU DU oottt s

Metallic from . ...verriiiii e e
" Phosphoric acid ......ooiiiiiii e i

“A partial analysis of the blackband ore from the mines of the Star
Furnace Company was furnished by Mr. H. L. Clay, and is as follows:*

A it i e e

“The supply‘ of these ores is limited, but small amounts may be ob-
tained in the future in restricted areas as a secondary product from

mining the Sharon coal.”

1Geol. Survey Ohio, Report of Progress in 1870, p. 143.
2Geol, Survey Ohio, Fourth Series, Bull. 20, p. 72.

(=]
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SCIOTO COUNTY FIELD?

“A kidney ore, the position of which is above that of the Sharon coal,
and below that of the Sciotoville clay, was observed at a few places in
Scioto County. Usually the ore lies on the coal, or within 1§ feet of it. . .
The Sharon ore is generally wanting, but, when present, may have a
thickness of 10 inches or more.

~ “Three exposures of the ore were noticed along the roadside in Sec-
tion 24, Madison Township. Its position was just above the thin blossom
of the Sharon coal, and the stratum measured 6 inches in thickness. A
composite section on the land of George Winters, Section 22, is as fol-
lows: ‘

Pottsville formation Ft. In,
“Clay, plastic, lower part ‘pink eye,” Sciotoville................ 2 0
(00 R 12 0
Ore, SAaron ...oovivereeerinnineniians Crenieiiaes heerssiee au 10
Shale, BIUE ceuveiiriiurrcin e iaresanncoesnnnarasscannen 2 0
Shale, dark, tough ..o 1 0

Waverly group

Sandstone, Vimton .......c.oviiiiriiiiiriiaratrineieans

- *“The ore has been mined on lands of George Winters, Samuel Kronk,
and James Coburn, and is reported to be from 6 to 10 inches in thickness.
On the Francis Warren property, in Section 11, Madison Township, the
relation of the ore to the Sharon coal and to the Sciotoville clay is shown
by the record given below:

Ft. In.
Pottsville formation
“Coal, Anthony ..o..ooiiivuiiiii i 1 3
Clay, dark, plastic, Sciofoville ... ... .ocoiiiiiiiiinriiiannnn 3 0
(07 ¢ s R 16 0
Shale ............. e ettt taeteie e a s e raa et e, 2 0
Ore, SROION .ottt e .. 10
[0 - A -8 0
SandstoNe ..ot ittt et et 2 0
Caal blossom, Sharon, reported thickness of coal and partings.. 3 0
Covered .ovvvvervnninineneenn. e e 3 0
Conglomerate, Sharon ..ottt 65 0
Waverly group -
L0 3 SR 5 0
13 17 S 2 0
0

Conglomerate, Allensville ..................... B |

“On the farm of Joseph Jenkins, at the mouth of Sugar Creek, Sec-
tion 14, Porter Township, the Sharon ore is well developed, and is very
fossiliferous. The ore affords good collecting, as the {fossils are well pre-

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 403-454.
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served and easily obtained.* The measurements taken at this place follow:

Ft. In.

Pottsville formation

Ore, Guinea Fow! ... ... . i iiiiniiinnnnnn. e e 6

B P 3 0

L 3 R 3 0

Ore, soft, siliceous, Sfmt'mz very fossiliferous................. 1 0

Covered ..o i it 3 0

Shale oi i i ety [ 0
Erosion interval !

Ore, with flint and pebbles, Harrison ........................ 1 0
Waverly group .

Sandstone, Vinton ..o i 22 0

“The Sharon ore was noted at other places in this locality, and it also
appears, but in a less developed state, in restricted areas along the Pine
Creek Valley,

“The chief value of the Sharon ore in Scioto County is for strati-
graphic work, as it is an aid in correlating the members near the base of
the Pottsville formation. . . . The Sharon ore was mined at a few places,
however, for use in the old charcoal furnaces.”

PIKE COUNTY FIELD:?

“Only a few small pockets of ore, which were placed with some con-
fidence on this horizon, were found in Pike County. In Section 23, Marion
Township, on land of W. M. Lyons, ore was formerly mined for the Star
Furnace Company, Jackson, Ohio. Mr. Lyons reports the stratum to vary
in thickness from 4 inches to 1 foot 6 inches, and the ore to be of good
quality compared to other native ores. . . . Here the Sharon conglomerate
is wanting and the stratum lies close to the Logan sandstone. . . . The
same ore was also mined for the above company south of this on lands of
William Ehrman and G. W. Keller. Here the stratum is reported to have
a thickness of 1o inches to 1 foot 6 inches.”

Economic Value

Even in the days of the charcoal and coal furnaces the Sharon mem-
ber was only locally of value for an ore supply. Its utilization was most
justified where the ore was taken from the roof of the Sharon coal mines.
The quality of the ore was about average and was of foundry grade.

1For fossils of Sharon ore see Geol. Survey Ohio, Fourth Series, Bull. 25, pp. 17-2L.
*GGeol. Survey Ohio, Fourth Series, Bull. 20, p. 435,
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GUINEA FOWL ORE
Introduction

From the detailed field work so far done on the rocks of the basal
Pottsville formation the Guinea Fowl ore appears to be confined to rather
local areas. The type deposits are in Scioto County but others are also
known in Vinton County. Further work may extend the field over a wide
area.

“An iron ore to which the name Guinea Fowl was applied by the
miners who worked such deposits for Scioto Furnace, operated from 1829
to 1892 in Bloom Township, Scioto County, is occasionally present in the
lower part of the Pottsville formation of southern Ohio. It represents
an ore horizon rather than an ore stratum, as the deposits occur at various
positions in a shale stratum and are widely scattered. The position of the
* ore may change from 1 to as much as 20 feet above the Anthony coal, but
the usual interval is between 5 and 15 feet. The member varies in thick-
ness from 1 inch to 2 feet but averages nearly 6 inches. It may be rep-
resented by a single ore stratum or by two or even three benches separated
by shale.”? .

“Often the distinguishing feature of this ore is the presence of quartz
pebbles, varying in size from one-eighth to three-fourths of an inch, with
some admixed sand. The ore is not a true conglomerate with the inter-
stitial space filled with iron compounds, but a blue iron carbonate, when
under cover, with a varying amount of pebbles. Usually the iron carbon-
ate and not the pebbles make up the body of the ore. In some places it
is practically free from pebbles.”™

REGIONAL GEOLOGY
SCIOTO COUNTY?

“The Guinea Fowl ore occurs above the flint clay of the Sciotoville
member, but in some localities it is found in or below the plastic clay
[Huckleberry] that lies above the flint clay. The interval from the flint
clay to the ore varies from a few inches to 20 feet. A few sections only,
showing the relation of the ore to the coal, will be given.

“In Section 36, Harrison Township, on the property of Jacob Bauer,
the following section was exposed:

, Ft. In
Ore ] I T 2 6
Ore, blackband( - C#inee Foul % ............................. o 6
Shale ..iiiii i e et 10 0
Coal, one block, Anthony, reported thickness................. 1 8 .
Clay, flint, Sciotoville .. ... .. o i i 9 0

18ee Geol. Survey Ohio, Fourth Series, Bull. 81, p. %6.
2Geol. Survey Olio, Fourth Series, Bull. 20, p. 548,
Midem., pp. 5530, )
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worked but little by the charcoal furnaces. .
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“In the clay mines of the Buckeye Fire Brick and Clay Company at
Scioto Furnace, the relation is shown in the section given below:

Ft. In
Ore, Guinea Fowl ............. Ceearatrrecenrectannsanannans 4
Caal, Anthony .....coovviiinnns ferevieesetsetniesennens vere e 3
Clay, it Y {..... creerranes Creeeeicanaes 1 6
Clay, semi-flint Sciotoville 4 .......... D | 6
Clay, pink eye, seen} O+ o

“On the property of Henry Moore, in Section 21, Bloom Township,
the section exposed was as follows:

Ft.  In.
Shale, black, with thin coal bands P PR .. 4
Coal, sofid block } Quakertoun % ............ 15
Shale and covered ...... eetianann PN eneceavraeaeraaan, 31 it
Ore, Guinea Fowl «.oo.oovvvvieeiisarannanines Ceerererinaans - 6
Shale .....c..... ceenens PRPPRIO bttt cnear i 6 6
Coal, Anthony .............. bereaes e e eieiribeens .. 2
Clay, flint . J U 3 0
Clay, semi-ﬂinf( Sciotoville { Meawseraerresrinannreeronnanaen ..

“In Section 13, Madison Township, on land of Oliver Powell, the
rocks seen and reported are as given below:

Ft. In.
Ore, Guinea Fowl ... ...cooiiiiriiiiiiiniiraraianaraeans .. 8
b 71 13O 6 6
Coal, dnthony, thickness reported .......oovvvreinnrnnnnnnnn. 1 6
Shale and covered ..ottt 32 0
Covered ...ovvviiiiiitrr ittt iianeratraaneeranraeas 15 0
Conglomerate, SAarom ........oiieiieienvenseaninarrannnens 53 0

“The Guinea Fowl ore in Scioto County is generally very siliceous
owing to the admixed quartz pebbles and sand. Small deposits are found
in Harrison, western Bloom, and eastern Madison townships. It was

. . An analysis of this ore

from a layer seen in the bed of the stream near Gephart’s Station is as
follows:

Specific gravity....couvieniiiniii e
SIHCEOUS MAIET ... ovrieinrineres cnnvranrrrrereesanneerancnens
Sesquioxide of iron .....oviiiiiiiiii it
Carbonate of protoxide of Iron ........oviiiiirniivniarnannnns
AlUmIng .. .t it ittt e ey
Manganese . ....ounnineenunns et
Calcium phosphate .................. e e
Calcium carbonate ... ....oiuiiiini i
Magnesium carbonate .......c.oiiiiiii i i
Water and 1085 ...t e e

Phosphoric acid ....voinniiner ittt tean s
Metallic Trom ...t ittt ittt et et ieaa

3.321
14.60
10.50
4258

150
trace
13.40
10.04

273

4.65

100.06

6.14
26.69



PENNSYLVANIAN SYSTEM 39

“The partial analysis of a sample from the William Tripp property,
in Section 4, Bloom Township, where the ore is 18 inches in thickness is
as follows:
iron, Fe ..viviiiriiiirnininnacaanns 25.40 per cent

siliceous residue .....oicvneriiencs 5130 « *«
In lower 12 inches, iron, Fe....covviiiiinnervncnsaanens 820 =« ¢

“The ore has more value for the phosphoric acid content than for the
iron.”

In upper 6 inches §

-

JACKSON COUNTY!

The Guinea Fowl ore is poorly represented in Jackson County. The
deposits observed are local, thin, and low in quality.

VINTON COUNTY

In Vinton County the Guinea Fowl ore is locally present in Richland,
Harrison, Eagle, and Jackson townships, The deposits, however, are un-
certain but are sufficient to mark the horizon. The ore is largely carbon-
ate in kind but low in quality. A few sections are given to show the geol-
ogy of the member.

“At the forks of the road east of the Darby School in Seation 35,
Richland Township, the Guinea Fowl ore, 4 to 6 inches thick, is exposed
at an elevation of 765 feet. Its position is nearly 120 feet below the Lower
Mercer limestone. Small quantities of this ore were formerly mined by
stripping near the forks of the road in central Section 25, where the bed
is about 6 inches thick and approximately 8 feet above the Anthony coal.
The following record, taken near the forks of Little Raccoon Creek in
southeastern Section 23, shows its position with reference to the Scioto-
ville clay.?

Ft. In.
Sandstone, ferruginous, hard .......ccoiviiiriiariiiiieinn, 2 0
Ore, Guinea Fowl, altitude 765 feet .....ovveivinenrireinenns .. 4
Shale, dark, part covered ............ e e tdeeacteearaens 14 0
Clay, flint, Sciofoville ... ... .. it iiainn, 1 4
Covered vvvvenrireanareeninese ettt aantaarnrrareann 4 6

Stream bed.

“Along the road that leads from the head of the hollow to the ridge
east in southeastern Section 24, the Guinea Fowl ore was well exposed at
an elevation of 8go feet. The ore is siliceous and sparingly fossiliferous.
Its thickness here is 1 foot 4 inches and its position 37 feet above the
Allensville conglomerate and 45 feet below the Bear Run coal. An outcrop
of this member at an elevation of 850 feet was observed along the road in
the east-central part of Section 35. The bed is 8 inches thick and lies

1Geol, Survey Ohio, Fourth Series, Bull. 20, pp. 89-90.
2Geol, Survey Ohio. Fourth Series, Bull. 31, pp. 7770,
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only a few feet above the Sciotoville clay. The Guinea Fowl member is
locally made up of two or more ore benches as shown in the following
measurements obtained along the ridge road near the forks in northeastern
Section 26:

Forks of road, elevation 930 feet. Ft. In.
Shale, Bray ...oviviuiiiiet ittt 6 0
Shale, dark, siliceous .............c.o i, 5 f
Shale, black, fissile, Bear Run coal horizon.................... 6 0
Shale, gray, parts covered ............ce.iiiiiiiiiiniieannn. 15 0
Shale, soft .......ccoiiiiiiiiiii i e 1 0
Coal, rotten, Quakertown .........c..ccoviiiviiiieeniaiiinannn 2 0
Shale, dark, carbonaceous ...........c....iiiiiiiiiiiiieaanns 1 6
Clay, light, siliceous ..........coiiiiiiiii i 3 8
Clay, dark, shaly ........cooiiiiiiiiii i 1 0
Clay shale, light to dark ......... e e 3 6
Shale, dark .....coviriiiiiiin e e 2 6
Ore, KIdney ..oovvviiin it eieaeaeaans 1
Shale, dark ] [ 10
Ore, siliceous, blackband} Guinea Fowl{...................... . 7
Shale, dark J Lo 3 4
Ore, Kidney ..ovviinetiiiniii ittt aiiianns .. 3
Shale, dark ........coiiieiiiniii it e 1 0

“The Guinea Fowl member was also observed on a knob of the ridge
near the road forks in southeastern Section 27. The bed is 4 to 6 inches
thick and siliceous in character. It bears a few fossils which are not well
preserved. Its position is directly above the Anthony coal and 73 feet
above the Allensville conglomerate,

“In Eagle Township, the lower Pottsville members are poorly repre-
sented, some through lack of deposition and others through replacement
by the thick Massillon sandstone. The Guinea Fowl ore with good de-
velopment was observed at only one place which is on the high knob north
of High Hill School in southeastern Section 27. The record secured is
given below:

Pottsville formation Ft.  In.
Ore, siliceous, sparingly fossiliferous .. 7
Shale and covered }Guinca Fowl] 3 11
Ore, made up of small concretions about pea size | [ .. 8
(01037 s 9 0

Logan formation )

Shale and sandstone ............ceeieiiiiiieriiiiiiiie., 12 0
Sandstone, shaly ......cooiiiiiniiiiiii 15 0
Sandstone, shale and covered ..............ccoiiiiiiiiian.,. 27 0
Shale and covered ........ccoviiiiiviinniiii i 32 0
Conglomerate, Allensville ........... e 1 8

“At this place the upper laver of ore is sparingly fossiliferous but the
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specimens are mostly fragmental. The Guinea Fowl ore is poorly de-
veloped in Jackson Township.

“This ore, even in the days of the charcoal furnaces, was of little
value in Vinton County. It has fair thickness and extent but is lacking
in quality as it is everywhere siliceous. In this locality the bed was mined
at only a few places and there only in a small way, and its use was con-
fined to Richland Furnace.”

HOCKING COUNTY

Through the work so far done in Hocking County the Guinea Fowl
ore appears to be present in local areas in thin deposits. It was little
worked for iron smelting in either the charcoal or the coal furnaces.

The following record was taken south of the Till School in the west-
ern part of Section 1, Falls Township:

Ft.  In.
Shale, sandy .....ccvviueriritoiiirnritiiieiiiiieaans 3 0
Coal blossom, Quakertows ...........cceuiiieiiinnnannnnnnns 4
Clay, SIlICEOUS .. .o\itt ittt e ioi it iaananenneenns 2 8
Shale, Bray ..ovvvirmiii it e e 3 0
Shale, dark ... ..oieiiin i S 2 0
Coal SMUL ..ttt ittt e ettt i, 1
Clay, siliCEoUS ...\ vtut ittt e ettt 4 0
Shale, dark ...coivitiii i e e e 4 6
Ore, irregular, siliceous ...........ccoeiereiiiiiiiiiinannnn. 6
Shale and covered ......... ... i 7 0
Coal smut, Huckleberry ... .. . . . o e, .. 2
Clay, light .. ... e e 3 2
Shale, dark .....voiiei i e 6
Clay, siliceous, part covered ...........cciiiiiiiieiinnnnn. 2 6
Ore, nodular, Guinea Fowl ................ ... ... .. ... .... . 3
Shale and shaly sandstone ............coviiiiiieneninnnnnn. 2 6
Clay, flint, Sciotorille, elevation &30 feet..................... 1 6
Shale and covered ........ ... . .l i e 3 6

Erosion interval
Sandstone, ferruginous, Harrison ...........ccceceuiiiiinnnnn. .. 6
Logan formation

Sandstones, shaly and shales, siliceous ....................... 30 0

Locally the member becomes limy in character as well as ferruginous.
This phase is shown in a section taken in a hollow in the north central
part of Section 30, Falls Gore Township, and given below:

Ft.  In.
Shale, gray ...vvveneerinnietieeenii it eaaeaanannn 15 0
Limestone, blocky, fossiliferous, Lower Mercer................ .. b3
Shale, black, weathered, Middle Mercer....................... 1 0
Coal, weathered, Middle Mercer..............ccocvvvinnannn.. .. 6
Clay, plastic, light ......ccoiiiiiiiii ittt 3 0
Shale, gray, siliceous ..........ccoiiviiiiiiiiirriiie. 20 0
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Covered ....ivniiiiiiiii i e e ceeenen 25 0
Sandstone, massive, Massillon .......... .. ccviiiiiinean.... 29 0
[ O 3 0
Coal blossom, Quakertoum ........ ot ettt r ettty 1 0
Shales and covered ......oiiuiiiinreneienrarennnensannennns 30 0
Limestones, blue, fossiliferous, irregular masses in shale,

Guinea Fowl ... i .. 4
Shale, gray, siliceous .........o.ciiiiiiiiiiieniiii i, 6 0
Shale, black, carbonaceous, fissile ...........c.cociiie ] 3
Shale, black, very fossiliferous ..............coconiats, e 7
Coal, fair, Anthony .. .ot iiir s 6
Shale, carbonaceous .....oiveiiiirereinnuncnireencacrnnnrnens . 2
Clay, siliceous, Sciotoville ..........coiiiiie i, 3 0

OTHER AREAS

North of Hocking County the Guinea Fowl ore has not been described
definitely. The deposits are probably small in area and in thickness and
more of the nodular form distributed in shales. Further search may show
sufficient deposits to establish a continuity across the area.

LINCOLN, JACKSON SAND BLOCK ORE’

INTRODUCTION
“The Lincoln ore, which lies above the Bear Run coal, consists of
irregular layers of limonitic kidney and carbonaceous shaly ores, occur-
ring at different levels in the shales. The ore was worked, to a small ex-
tent, near Scioto Furnace, Scioto County, for making charcoal iron. .
The Lincoln ore is found on the same general horizon as the Jackson Sand
Block ore of Jackson County, but as both are erratically bedded and local
in extent no definite correlation between the two deposits was established,
further than that both occur in the interval between the Bear Run ana
Vandusen coals.”

REGIONAL GEOLOGY
SCIOTO COUNTY?

“At 80 to 100 feet above the Conglomerate {Sharon] or the Sub-car-
boniferous limestone [Maxville}, and at 100 to 125 feet below the Lower
Mercer limestone, in the southern part of the field, and at 75 to 100 feet
further northward, there is a series of small ore deposits. Not less than
five distinct names have been given to ores that have been opened and
worked about Scioto Furnace at this general level. The best known of
these names is perhaps the Lincoln ore, or No. 4 of the Section.” Other
names were Blue ore, Thompson ore, Kidney ore, etc. Locally at Scioto
Furnace the Lincoln ore bears plant fossils, a feature held in common with
the Jackson Sand Block ore. .

1Geol. Survey Ohio, Fourth Series, Bull, 20, p. 357,
2Geol. Survey Ohio, Vol. V, p. 120,
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JACKSON COUNTY*

“The productive field [1912] of the Jackson Sand Block ore is south-
west of the town of Jackson, and includes the southwestern part of Lick,
the southeastern part of Liberty, and the northeastern part of Scioto town-
ships. The deposits, although somewhat isolated and irregular in struc-
ture, occur in the same general interval which is that between the Bear
Run and Vandusen coals.

“Shales, thin to medium bedded sandstones with shales intervening,
massive sandstones, or some combination of the above strata, make up the
interval which is from 20 to 40 feet in thickness. Layers of the thin and
medium-bedded sandstones, which have been enriched by iron compounds,
constitute the ore beds. These deposits may occur interbedded in shales,
or at the top or well down in the series of sandstones, but the richest beds
are those in the shales, or in the upper part of the sandstone series. The
position at which they occur in the interval varies from place to place;
thus beds worked in one locality may not be on the same level stratigraphi-
cally as those worked at another.

“Under heavy cover the iron is in the form of the carbonate, while
along the outcrop, or under shallow cover, where the weathering agents
have been active, it occurs in the hydrated oxide forms. The sandstone
strata are fine-grained, ripple marked, more or less ferruginous, and con-
tain plant fossils. Apparently the iron compounds were deposited with
the sands in shallow basins in which the waters were charged with iron
salts and decaying organic matter. The deposits, as a usual thing, have a
higher iron content along the outcrop, or under shallow cover, where local
enrichment from percolating water has taken place.

“The Jackson Sand Block ore has been mined on the land of Martin
Wastier, in Section 26, Scioto Township. The following section shows
the strata that were exposed for measurement:

Ft. In.

Ore, KIANEY. . .vovet ettt e e 4
Shales, part sandy ........ ol 27 0
Ore, KidNey ..ouieintine it i i . 3
. Shales, SaNAY ... o.iut e 7 9
Covered .....oiiiiiiii e e 6 0
L5 17 L RN 2 0
Coal, Vandusen ........cociiiiniiiiiiiiiiniiiiaiiirinin.s . 6
Sandstone, argillaceous .......... ... ... ... il e 3 0
Sandstone, Tight ...... ...t ittt 3. 6
Ore, sandy) [ 1 2
Shales Jackson Sand Block{..............c.oooiiiiill, 1 5
Ore, sandyi l ............................. . 6

1Geol. Survey Obhio, Fourth Series, Bull. 20, pp. 125-189.



44 IRON-BEARING FORMATIONS

“The deposit of Jackson Sand Block ore on the property of John M.
Corn, in Section 2, Scioto Township, was being worked when the region
was visited [1914]. The ore layers, which are quite variable in thickness
and number, are interbedded in shales. A sectiori of the mine is as follows:

“Ft. In.
SHALE it e e 6 0
(] S 1 2
Shale 1 f .. 11
Ore, solid blockgja‘.k‘w" Sand BIOCkl ....................... 5 10

“Another section in the same mine, about 100 feet from the above,
shows the variability of the deposit, hence the measurements are given
below :

Fu. In.
Shale .ot ..
Ore Y .............................. 6
Shale [ oo 1 0
Ore { . e
Shale  L/ackson Sand B""“{ ................. e
Ore N .. 6
Shalej Lo 2 10
O L e 5 4

“In Liberty Township, north of the Corn mine, on land of Howell
and Jones, Section 34, the Jackson Sand Block ore is interbedded in sand-
stone. A section shows the following relations:

Ft. In.
Ore, seen, Jackson Sand Block................ccc.coiivvinit. 1 0
Covered oo e 71 0
Sandstone, Massive ...............iiiiiiiiieiiiii i 12 0
Covered ..ottt e i e, 18 0
Sandstone, MassSiVe .........c.otiiininii e 12 0
Ore nodules and finger coal in sandstone .................... 1 0
Shale, sandy ........c.cviuiiinnn.. .. e 10
Coal . A S 2
Shale, dark, carbonaceous%Sham" coal horizon g ............ 6

“Near the summit of the hill just south of the old Hammertown mine,
in Section 35, Liberty Township, the ore has been dug along the outcrop
quite extensively. A section is as follows:

Ft. In
Ore, Jackson Sand Block ......................cccoiui... 2 0
Sandstone, thin to massive beds .......................oiil.. 20 0
Covered couveniintii e e i 110 0
Coal, SRArom ...ttt e 2 6

“In several localities in the southwestern part of Lick Township the
ore has been mined also in a small way. On lands of the Jackson Iron
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and Steel Company and Charles Ray, in Section 30, the following mem-

bers were noted :

Fi.
Ore, Jackson Sand Block, thickness reported ................ 2
Shales, sandy .....c.oviviniiinrenuiians O, 10
Sandstone and covered ... ... ... i 36
Covered ...c.covvivvvinen.nn e e e 4
Coal, cannel, Quakertotn ............c.ciiiiiiiiiiiananan., ..
Clay and covered. .. .. ..ottt 2
Top of air shaft.
Covered and shales .........oooviiiiiiiriiininiiiinianen 39
Coal, Sharom, reported thickness .............ccocooiiaia... 3

I

[ -]

oo oCN

“The Jackson Sand Block ore, as the name implies, is a sandy or
siliceous ore with a blocky structure, as the beds are regularly jointed.
The iron content, varies from the lowest limit used for ores to about 45
per cent, but in the bulk of the ore mined it is from 30 to 35 per cent.
The lime and magnesia, often amounting to several per cent, gives an
additional value, as they flux directly part of the siliceous gangue of the
ore, and as they tend to promote ease of fusion of the silicate impurities.
The phosphorus, usually high, and the manganese about normal, make the
ore a desirable constituent in the smelting of foundry iron. An analysis
of the ore furnished by the Jackson Iron and Steel Company is as follows:

The analyses of the Jackson Sand Block ore given below were fur-
nished by Mr. H. L. Clay, superintendent of The Star Furnace Company :

No. 1 No. 2
Irom .......... From 2500 to 35.70 From 23.00 to 3550
Silica ........ “ 2185 ¢ 2850 “ 2435 “  33.00
Alumina ...... # 750 % B44 " 750 ¢ ...
Phosphorus ... 0614 «“ 0873 “ 088 “ 1.09
Manganese .... 049 ¢ 061 “ 064 < ...
Lime ..... eees ¢ 280 ¢ 545 “ 096 “ 230
- Magnesia ..... 0687 “ 076 “ 043 ¢ 094
Salphur ...... 0.028 “ 0182 «“ 017 -

No. 1. Ore from Corn Mine.
No. 2. Ore from Hunsinger mine.

-

“The ore varies from I to as much as 8 feet in thickness, but usually
averages from z to 3 feet. In some localities the ore is interbedded in
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sandstone, while at other places in shale. So far [to 1914] most of the
ore has been mined by stripping along the outcrop where the overburden
is not heavy, but the general conditions for drift mining are favorable.
Also the demand by the furnaces for outcrop ore has been greater as the
iron is in the form of the oxide, and the metal content usually higher.
There are large quantities of this ore yet available, but the cost of mining
and the low market value, when compared to the siliceous Lake ores on a
unit pasis, have seriously impeded its utilization.”

VINTON COUNTY!

“The Lincoln ore, mined to a small extent near Scioto Furnace during
the days of the charcoal iron industry, is, in a general way, correlative
with the Sand Block ore of Jackson County and with thin, isolated de-
posits in Vinton County. Such strata are found above the Bear Run coal
and represent more an iron ore horizon than a definite bed. The beds
vary in position, thickness, and composition. In Vinton County such de-
posits are poorly developed and have little or no economic value.”

BOGGS ORE
INTRODUCTION

Orton states:* “The next ore of the section, holds a very different
place from those last described. It-is a new ore, but it makes a valuable
addition to the stock already known. In Bloom Township, Scioto County,
which is [1884] the most important center of its development, it is known
as the Boggs ore, from the name of the farmer on whose lands it was first
opened, but at Howard Furnace, in Vernon Township and also at Scioto
and Bloom furnaces, the same seam has been worked on a small scale for
many years as the Flag ore. This term suggests the nature of the ore. It
is a stratified deposit, occurring in sheets or “flags” like sandstone or shale.
It is not a blackband, as there is no coal and but little carbonaceous matter
in the seam, nor does it agree in appearance with the clay-bands of the
Upper Freeport horizon. It consists mainly of gray carbonate of iron,
interleaved with gray shale. The ore has excellent volume, reaching in
the drifts a maximum thickness of 6 feet, and holding a thickness of 4 to
5 feet over considerable territory. . . . The chief center of production
[1884] is at and about South Webster, Bloom Township, Scioto County.
All of the ore from this field is taken by the Jackson and Wellston fur-
naces.” ' '

“This member was known in southern Hocking County as the ‘Union
Furnace’ ore and in southwestern Perry County as the ‘Junction City’ ore.
Northward from there through Licking, Muskingum, Coshocton, and

1Geol. Survey Ohio, Fourth Series, Bull. 81, p. 97,
2Geol. Survey Ohie, Vol. V, pp. 421-422,
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Tuscarawas counties the member is in more places represented by lime-
stone or flint than by ore. The limestone and flint and locally the ore and
associated shales bear an abundant fauna of marine origin. Normally the
position of the Boggs member is about 25 feet below the Lower Mercer
limestone and 3 feet above the Lower Mercer coal.”*

REGIONAL GEOLOGY
SCIOTO COUNTY?

“The Boggs ore in southern Ohio lies from 40 to 35 feet below the
Little Red Block ore, the position of which is close above the Lower Mer-
cer limestone. The average interval from the Boggs to the Little Red
Block ore is about 47 feet. The ore is best represented in Bloom Town-
ship near South Webster, but it is also found in Vernon Township, where
it is known locally as the Flag ore. It is an argillaceous or shaly siderite
ore usually low in iron, but often carrying appreciable amounts of lime
and magnesia. The ore is not persistent, but is found only in isolated
pockets. Where present, the thickness may vary from a few inches to as
much as 6 feet, but the average measurement is about 2 feet. The ap-
pearance and composition of the ore suggest swamp origin, or that it was
laid down in shallow water where the ferrous carbonate was precipitated,
and where also argillaceous and arenaceous materials were accumulating
as sediments. The L.ower Mercer coal is closely associated with the Boggs
ore. Its position is a few feet below the ore, and, in fact, several thin
coals are found on this general horizon.

“The following measurement was taken in Section 25, Bloom Town-
ship, on the property of John Slack:

Ft.  In.
Coal, Webster Block ..o ity 1 &
Clay, plastic <. .vurinit it i et 3 0
Covered .......ccovvivneannn e ettt st ettty g 6
Ore, Little Red Block or Lower Mercer ...........covvvn.-. .. 4
Shale and covered ......civiinrirerianriiiir e i 43 0
Sandstone, plant marked ... .. ... . i 1 0
Ore, Boggs, 1 foot thick, seen across hollow on this horizon.
Shale ..ciiiviiinririir i i, 3 0
Coal blossom, Lower Mercor. . ..ot iiiiianinan.. 1 0

“In the northwest corner of Section 22, on the properties of W. E.
Ranchous and others, the ore was worked by drifting for the Jackson fur-
naces. The bed was reported to be from 1 to 4 inches in thickness, and to
lie 44 feet below the Lower Mercer ore. In Section. 15, just west of

Geol, Survey Ohio, Fourth Series, Bull. 31, p. 104,
2Geol. Survey Ohio, Fourth Series, Rull. 26, pp. 567.570.
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South Webster, a record taken on the property of Jefferson Mossbarger is
as follows:

Ft. In,
Ore, Big Red Block or Upper Mercer ........covvvinien.. .. 5
Shale and covered ....cooiiiviiiin it e 27 0
Coal, Webster Block or Upper Mercer ....covevvvvvuiiina,s 1 4
Shale and covered ........cvieiaiiinrernnnensnoansronnnns 20 0
Qre, Little Red Block or La'zt/er Mercer ............ e . 4
Shale and covered .........coiviiiiiann ererraees Cheereas 38 0
Ore, Boggs, reported thickmess .............coiieiiinn.. Tto6 0

“The ore has been opened on the property of James Haines, and ‘also
on that of S. H. Wiseman and S. G. Huffman, east of South Webster.
On the property of William M. Galliger, south of Bloom Station, in Sec-
tion 24, Bloom Township, the following strata were exposed:

Ft. In
Sandstone, with finger coal at bottom ... ......cciiiiiieninun 15. 0
Shale, dark, tough, fissile ............ .. .. ... Ceerreeven 1 3
O!'C { .......................... Seavrearnaenan 4
Shale, blue} Boggs e e Ceenes .
QOre . l ........................................ .. 11

“On the land of Charles Dillon, in Section 2, Bloom Township, a
record showing the Boggs ore and the underlying Lower Mercer coal fol-
lows:

Ore, fossiliferous, Litile Red Block .......cocoviviiiiniinnn. .. 4
Shale and covered ......ciiiiieriiia i i e 53 0
Ore, Boggs, siliceous, fossiliferous ............ ... ...l | 0
Shale and covered .......ocviirininrnrennneensnninanncrinenn 3 0
Coal, Lower Mercer, reported thickness ..........c..ocvennnn 2 0

“In Section 11, Bloom Township, on the prdperty of John Kinker,
one mile north of South Webster, where the ore was mined for the char-
coal furnaces, the record obtained shows the following strata:

Ft. Im.
Ore, Little Red Block or Lower Mercer.. ... N .. 8
Covered ... e ettt e, 38 0
SandSIONE vt eitiarrcranene i e e raet e 3 0
Shale, tough, dark, fissife. ...t 1 L
SHale, BraY ..ottt iitiie it i e e 4 0
Shale, dark ...ttt ittt eiaas erenaaas 1 6
052 Y [ NP 6
Ore, Boggs -.ooivoiir i ettt e ienreaiarsanrtsennanen 2 6

“The Boggs ore extends south from eastern Bloom Township along
Hale’s Creek and along Pine Creek to the vicinity of Lyra, in Vernon
Township. In this locality, however, the bed becomes more impure, and
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finally breaks up into thin, irregular layers interbedded with shale. Here
it was known as the ‘Flag’ ore.

“The weathered ore from along the outcrop of the deposit was first
used by the old charcoal furnaces [Scioto, Jackson, Bloom, and Howard]
in the region. Later the ore near South Webster was mined quite ex-
tensively and shipped to the coal furnaces at Jackson, Ohio. Many of
the known ore pockets have been worked only along the outcrop, and as
the stratum usually has excellent volume the quantity yet available is large. .
The method of mining would be by drifting.

“Analyses of Boggs ore collected from various sources:

Sample No.1 No.2 No.3 No.4 Nos
Metallic iron, Fe............. 31.12 31.75 34.7 25.05 20.95
Silica, Si0; ....ociviniiia 788 1261
Alumina, AlOs............. .. 1.95 3.03} 24 400
Lime, CaO .....cooin il 10.77 415 3.0
Magnesia, MgO .............. 0.95 0.59
Manganese, Mn .............. 0.51 0.46
Sulphur, 8 ... ...c.cvinvnann. 045 0.231
Phosphorus .................. 0351 0302 0.557 .
Ignition loss .........ccnenn.n. 92877 24989 240
Hydroscopic water .......... 0.25 7.85 46

Sample No. 1—Air dried, from William M. Galliger property, Section 24,
Bloom Township. *

Sample No. 2-—Average sample of bed, natural state, same property as
above.

Sample No. 3—Geol. Survey OChio, Vol. 5, page 422.

Sample No. 4—Sample from outcrop, John Kinker property, Section 11,
Bloom Township -

Sample No. 5~Sample from outcrop, Smith Hayward property, Section 35,
Bloom Township.

“All except No. 3 were sampled and analyzed by Wilber Stout for the
Columbus Iron and Steel Company, and are given by its permission.

“The ore averages low in iron, consequently if used in the raw state
it would give a small yield in the blast furnace. The siliceous content
shown by some of the above analyses is not excessive, and the lime and
magnesia increase the value somewhat. The phosphorus, which is high,
restricts the use mainly for foundry iron, while the manganese content is
about that found in the average ore. The main use of this ore should be
to furnish the siliceous part of the ore desired in making high silicon and
foundry iron, and to replace the highly siliceous Lake ores used at present
[1914]. For this purpose the Boggs ore should produce fair results. As
the ore is a blue carhonate, the volatile matter is exceptionally high; hence
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calcination will increase considerably the non-volatile constituents. By
calcination, samples No. 1 and No. 2 become as follows:

Sample ) No.1 No.2
Metallic iron, Fe....oooiiiiiiiiinini i iiniiaannnn 45.78 4728
SiHEa, Si0s - vttt e e 1138 18.78
Alumina, AlOs ..o i i it 184 4.51
Lime, Ca0 ..cviiniiii i iiiie e eri e, 15.83 6.18
Magnesia, MgO ... 1.40 0.88
Manganese, MDL ... .ottt 0.75 0.69
Sulphur, & .. i e s 0.66 vens
Phosphorts ..ottt e e 0.516 0.445

“The calcihed ore is much richer than many of the siliceous Lake ores
on the market.”

LAWRENCE COUNTY*

“The Boggs ore, the position of which is only a few feet above the
Lower Mercer coal, is poorly defined in Lawrence County. The bed is
represented by kidney ores in the shales at a few places along Pine Creek.
The position of the Boggs ore is shown in the following section, taken
near the Kelley Mills School, in Elizabeth Township:

. Fi. In
7Y P 4 0
Ore e 2
Coal 1., ... e n et aa ey .. 2
Shale }B"gg‘ ..................................... 30
Ore, siliceous | ..o e 1 0
L) T (P 3 0

0

Coal, Lower Mercer.. ... iiiiurrereeaiineconannnnen 1

“The Boggs ore in this locality is siliceous in character, and irreg-
ularly bedded in the shales. It was mined but little even for the charcoal
furnaces, and is of interest at present only for its stratigraphic features.”

JACKSON COUNTY?

“The position of the Boggs ore is either directly or only a few feet
above the Lower Mercer coal. Apparently the ore was laid down during
the same general swamp period in which the Lower Mercer coal was de-
posited. The member was observed at only a few places_in Jackson County.

- “One measurement which was made along the road in Section 13,
Washington Township, will be given in order to show the relation of this
ore to other members. The section follows:

iGeol. Survey Ohio, Fourth Series, Bull. 20, p, 202,
2ldem., pp. 1412,
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. Ft.  In.
Ore and blue fossiliferous, nodular limestone, Upper Mercer.... .. 4
Shale oeiiiiiii i et it e et e et 0
Shale with thin ore layers.........ovueiieiannn eredeeneaeaa, 3 0
Coal blossom, Upper Mercer.........ouiian i iinanarsenens . 8
Clay, lHght ...i.inreitiiiritai i inanarcerenannnnas 1 4
Shale, sandy ......cuiiiiiiniriiiiiar it r et 4 10
Ore, irregular ................. et et e s .. 2
Sandstone, shaly .o.ooviiniini it 11 0
Shale and covered...o.oocvvinrior it eriennaannns 8 0
Clay shale, light and pink............coiiiiiiiiiiianna.... 6 0
Shale and cOvEred....vvesivrierrrnieennrrracenscneassvnsens . 3
Ore 1 e e 0 3
Shale Lower M. ercer{ .................................... 1 0
Ore { ............... R e .. 10
Shale, very fossiliferous ........vviviirivnniiirveieienrinnn. 1 6
Y 7Y S 2 1
Limestone, Lower Mercer................ e aeneaaaaa .. 10
Clay shale ..iinitiiin ittt e it e et e e 2 0
Coal blossom, Flint Ridge ... ....covierriniiiinrirnannnnnn .. 2
Shaly sandstone and covered............. ... ...l 14 0
Ore, Boggs (. ciiieiinen e im i riaiinetreerrrerine it .. 6
Shale and sandstOne......c.ovevvrererconenroans et ireriiiaens 3 0
Sandstone ......... wiraens et r et aa ittt e aannn .. 3
Coal, Lowwer Mercer.....ovu e neesneeseacetnnereneennnns 1 1

“The deposits of Boggs ore in Jackson County are too small and the
ore too impure to have any considerable value at present, but the bed was
formerly worked in a small way by stripping for use in the old charcoal
furnaces.”

VINTON COUNT}?

“The Boggs member in Vinton County, as elsewhere in southern Ohio,
is characterized by its lack of continuity, by its variability in thickness, and
by its change in composition. It was formed in basins in which only locally
were the conditions favorable for the precipitation of ferruginous sedi-
ments as rather pure deposits of siderite, as bonding material of sands, and
as a component of blackband. In general, the matter was so dissipated
through the body of the sediments that it is unnoticed. In the area under
consideration the Boggs member is only occasionally present as a well-
defined ore stratum. Neither limestone nor flint was observed on this ho-
rizon at any place within the county. The bed varies in thickness from 1
inch to 2 feet but in the thicker deposits it is very impure, more a ferru-
ginous sandstone than an iron ore. The Boggs member is generally low
in iron and on this account was not extensively used in the old charcoal
furnaces. '

1Geol. Survey Ohio, Fourth Series, Bull, 31, pp. 10i-108,
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Brown Township -

“Iron,ore representing the Boggs nmiember is locally present in Brown
Township along Raccoon Creek in Sections 36, 35, 34, 33, and 32, and
along Twomile Run in Section 29. The deposits are generally thin and
are in many places divided into two or even three layers. Along the out-
crop the ore is a limonite but under cover it is a siderite. The stratig-
raphy of the member is well shown by the record given below and taken
along the stream in west central Section 35:

o]
~
b~y

Limestone, shaly, very fossiliferous, Lower Mercer............. 3
Coal smut, Middle Mercer .....c..ovviuriiuneenaieaniaannns .
Clay, siliceots .....covviviivnrecesnnnnonsnaneen e reeenaae. 2
Shale, ray ..oovrniiiii it iiien et i
Coal, shaly, Flint Ridge........oocneeiiineneniossesaneraneens ..
Shale, gray . vveeinini et iia i iirrarnaraiaaer i ranaas 7
Ore, kidney

Ore, very siliceous

t
e IO O3 e D D DO R

“In the ditch at the east end of the bridge that crosses Raccoon Creek
‘near the mouth of Twomile Run, fossiliferous shale is present on the
Boggs horizon. No good section was obtained here as the overlying rocks
were all covered. Along the road a short distance east of this, the follow-
ing beds were measured:

Limestone, blue, blocky, fossiliferous} — {......... 1 1
Shale, limy, very fossiliferous ;Lower Merccr{ ......... . 10
Shale, fossiliferous } Leveioenes . 8
Coal smut, Middle Mercer .......cooiiiiniiiiiiiiniinanans .. 4
Clay, light, siliceous ............ B P 1 2
Sandstone, mMassive, SOt ........oiounnesiiiae e, 14 0
Covered ............ e et 1 4]
Ore, Boggs, elevation 733 feet ........cooiiivviieneninrennn.. .. 2
Shale and covered ............ et e e e e, 8 0

“The Boggs member was also exposed in the south bank of Twomile
Run in central Section 2g. The ore is only a few inches thick and poor
in quality. This stratum is present in the bed of Raccoon Creek just above
the bridge in southern Section 34, where it is an impure carbonate about
3 inches thick and sparingly fossiliferous. Its position is nearly 30 feet
below the Lower Mercer ore. Along the road about one-half mile south
of New Plymouth and at an elevation of 760 feet, the Boggs member is
marked by 6 inches of dark shale bearing a few fossils. It is overlain by
15 feet of gray shale and underlain by 1 foot of siliceous shale.

Swan Township

“The Boggs member is widely distributed in Swan Township, being
due above drainage along all the Jarger streams. The bed, however, is not
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persistent or well developed. In some areas it is wanting through lack of
deposition and in others it is replaced by massive sandstone. At a few places
shale-bearing marine fossils are associated with the ore or are present
alone on the horizon. A general section is sufficient to show the main
stratigraphic features. Along the road west of Orland in Section 2, the

following beds were exposed:
Ft.

oy
2

Ore, kidney ) [ ceee 3
Shale }Lazwr Mercerd «.o.oooiiioiiiii .. 4
Ore, siliceous | L. 2
Shale, dark, Middle Mercer coal hotizon...................... .. 2
Clay, light, SIHCEOUS .....cvvvriiiiei it iananiiaieaaenss 3 0
Shale, dark, chip .......... oo P 2 8
Shale, dark .....coviriiiiiiiii s e 1 4
Coal, cannel, Flint Ridge...... ... .c.ciuve i iniiiininanann. . 5
Clay, light, sIHCeOUS. ... ovirr iy i cinrnierannecnnns 2 3
Shale and shaly sandstone..................c..uuonnn e 3 10
Shale, dark gray, chip.....coreiiniinii e ceian 1 6
Ore, small kidneys, Boggs, elevation 823 ft................... 3
Clay, light, shaly. .. ..o it cenecans .. 7
Shale, Bray . .viirivr it i aaan 6 0

“Along Brushy Fork in the northern part of the area, the horizon is
marked by iron ore, ferruginous sandstone, or ferruginous shale. The
deposits lie 15 to 35 feet below the Lower Mercer ore. In southern Swan
Township, the Boggs member is largely replaced by sandstone.

Jackson Tounship

*Lack of continuity and variability in thickness, character, and posi-
tion are general features of the Boggs member in Jackson Township,
where it is locally present along the main ridges in the eastern and central
parts. The position of the ore is 25 to 30 feet below the Lower Mercer
limestone and its character a siliceous siderite or limonite, depending on
the state of weathering. The following measurements, taken near the forks
of the road in southern Section 29, are representative of the bed and its
stratigraphy :

Ft.  In.
Limestone, shaly, fossiliferous ) ) S Tnu
Limestone, blue, fossiliferous { Lower "{‘w”} ............... . T
Clay and covered.. ..ot it ni ey 15 0
Shale, dark, siliceous.......coovmiiiiiirini it 3 2
Shale, dark, carbonaceous. ... oot e 3 10
Sandstone and siliceous shale, gray....... ... ... ... it 5 0
Ore, very siliceous, Boggs, elevation 935 ft.................... 5

“In this locality the position of the Boggs member is 1 to 5 feet above
the Lower Mercer coal. East of this along Middle Fork and its tributaries,
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the bed is only locally present, in many places being replaced by sandstone.
The thickness is from 2 to 6 inches.

Richland Township

“In Richland Township the Boggs member is poorly represented, its
place being taken by dark, carbonaceous shale or by gray, argillaceous sand-
stone. Thin local lenses, however, are found along the ridges in sections
28, 32, 33, and 34, where it was mined at a few places for use at Richland
Furnace. Where observed it is a siliceous limonite about 3 inches thick.

Elk Township

“The areas in which the Boggs member is above drainage in Elk
Township are small and are. confined to the valleys of Elk Fork and Pun-
cheon Fork. The deposits are thin and irregular.

Clinton Township

“In Clinton Township, the Boggs ore appears at the surface only in
the western part along Little Raccoon Creek. Its position with reference
to other well-recognized beds is shown in the following record taken along
the road in southwestern Section 19:

Ft.

~
k-4

Ore and blue, fossiliferous, nodular limestone, Upper Mercer... 4
1S 271 L U 4 0
Shale with thin ore layers .............ccciiiiiiiiiinnenann. 3 0
Coal blossom, Upper Mercer........ouvuuiiiiieiiinnananns .. 8
Clay, light ................. e e et e e aee e i e 1 4
Shale, sandy ....covviiitiiiiiiereiiereeenetotsneennaeeanens 4 10
Ore, irregular, kidney.........cooiviiiiiiiniiiinnniinanns . 2
Sandstone, shaly .........cccviiiiieiiiriiininierrnnnannnnn 11 0
Shale and covered.........ooieiiiiiiiii i 8 0
Clay shale, light and pink..............ccoiiiiiiiiienanan.. 6 0
Shale and covered........covvreiieiiiiiiii e, 6 6
Ore, kidney ) [ .. 3
Shale }Lorwer Mercerd ..o 1 0
Ore, kidney | S .. 10
Shale, very fossiliferous } [ceemeieeiis 1 6
Shale, gray }Lower Mercer{ ............... 2 1
Limestone, fossiliferous, blue )] Lovremmennnennns ..o 10
Clay shale ......oiiiiiiiiiiiiiiitiiiniiiiiiriarianeneens 2 0
Coal blossom, Flint Ridge.........ovvieiiiireninreennneneenss .. 2
Sandstone, shaly and covered..........covoiviineiininnnnnnnn, 14 0
Ore, irregular, kidney, Boggs.. . ...vueeeriinrneraneenannnn. RN 6
Shale and shaly sandstone ...........c.coiiveeiiniinnnennnn. 3 0
SaANdStone ...t i e s 3
Coal, Lower Mercer......ouun i inineaneeieeennennnnn. 1 .1
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Economic Value

“The Boggs ore in Vinton County has no value at present and was
little used even in the days of the charcoal furnaces. Small quantities
were obtained at a few places by stripping along the outcrop. The bed is
generally thin and uncertain, in many places giving way to shale or sand-
stone. The measurements vary from 1 to 8 inches but average only 3
inches. The ore is siliceous in character and in places changes to a fer-
ruginous sandstone. Under cover the material is a siderite but where
weathered along the outcrop it is a soft limonite. It belongs to the foundry
class of ores as it is high in phosphorus.”

- HOCKING COUNTY

In Hocking County the Boggs member, known locally as the Union
Furnace ore for its utilization at this furnace, is rather regularly present
in Benton, Starr, Washington, Laurel, Falls, Green, Marion, and Falls-
Gore townships. It was utilized to some extent by the charcoal furnaces,
Union or Five Mile, Logan, and Hocking or Hayden, and by the coal fur-
naces, Winona, Monday Creek, Ogden or Helen, Gore, and Crafts. In
this area the Boggs member begins the gradation from the truly iron ore
phase of Southern Ohio to the ferruginous, flinty limestone phase of the
Muskingum Valley. As an iron ore the member was most useful in Hock-
ing and Perry counties. The position of the ore is from 15 to 20 feet
below the Lower Mercer limestone, the chief bench for reference. The
thickness of this block ore varies from z to 10 inches but averages only
about 4 inches. The chief producing fields were in Falls, Green, Starr,
and Washington townships. The largest contributions came from Green
and Starr townships. The ore was worked largely along the outcrop by
stripping where the siderite or carbonate form had been changed by
weathering to a soft limonite.

The following record was secured near the cross-roads in the south-
eastern part of Section 5, Washington Township:

Ft.  In.
Coal blossom and weathered shale, Clarfon.................... 4 0
Clay, part covered. ... it iiiir ittt inreercrnanaan 3 0
Shale and covered. ... ..coiiiierinerennernaeriannnaananns 15 0
Limestorte, blue, very fossiliferous, Lower Mercer ... ... ... 1 0
Coal and shale, Middle Mercer........covvneiireiirenianennss 2 0
Clay and covered.......ooniir it caaaaeiaanann 5 0
Covered L.aiiii i e e e 29 0
Flint, black, Boggs. ... vvveererrnueenrrsoncrosnnensensriarens .. 6

In this locality ore had been stripped from above the flint. Its thick-
ness was not ascertained. The Boggs ore was mined along the streams jn
northwestern Starr Township for smelting at Union Furnace. At this
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place the Lower Mercer limestone has an elevation of 8io feet. Both
Boggs ore and Lower Mercer limestone are due along the Hocking River
south of Haydenville,

The Boggs member is rather persistent in Falls Township but shows
considerable variation. Ore was mined at numerous places. Some of the
geological features are shown in the record given below and taken near
the road forks in the northeastern part of Section 26, Falls Township.

Fi.  In
Forks of road, elevation 1,009 feet...............c.coei ... .. ..
L ¢ O R 0
Coal blossom, Clarion. ...t evinnen 1 0
Clay, light, siliceous. ... ..ottt i et et ine e ns 3 0
Shale and shaly sandstone...................c...co.... R 15 0
Shale and covered.........cc.iir it 20 0
Limestone, shaly, fossiliferous e Moaprpy § o 3 4
Limestone, blue, blocky, fossiliferous Igl“"“” M"”"% ......... 5
Shale, calcareous, fossiliferous...................oveviinian.. 4
Coal, shaly, Middlec Mercer....... ... ... ccciiiiiiiiiiiinnn. .. 5
Clay and covered. . ... . ... . . i s 12 0
Shale and covered....... ... oo 4 ¢
Ore, siliceous, Boggs. . .. iri it e e iieainains 5
Shale, dark, horizon of Lower Mercer coal.............. ceen. 1 1
Clay and covered.........ounriii i iinae e 3 6
Shale, gray, siliceous.................. e 16 0
Ore, kidney ...... ... . i . 4
Shale, dark .. ..ot e 3
Coal, weathered, Bear Runt. ..., . 1
Clay, light, plastic. ... .ot irii e et et iieaanenn 5 4
Shale, dark ..ottt e e e . 10
Shale, argillaceofis .. ...ttt e 1 0

Considerable ore was mined from this horizon in Green and Falls-
Gore townships where the deposits were present not far above drainage
level. Logan, Hayden, Crafts, Gore, and Winona furnaces drew a part
of their supplies from this field. The ore where mined varied in thickness’
from 2 to 10 inches and averaged about 5 inches. It was mined along the
outcrop by stripping where weathering had reduced the carbonate to a
soft limonite. The yield of the roasted ore is reported to be about 45
per cent iron of a foundry grade.

PERRY COUNTY

In Perry County the Boggs or Junction City ore rated about fourth
in importance in the group of ores ranging from the Harrison at the
Mississippian-Pennsylvanian contact to the Whitlock ore at the general
horizon of the Upper Freeport coal. The Boggs deposits supplied con-
siderable ore for Baird and Bessie furnaces and some ore for Fannie, two
stacks, New York, two stacks, XX, and Moxahala. The chief deposits
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were in Monday Creek, Jackson, and Reading townships but some mining
was also done in Hopewell and Madison townships.

The succession of thin coals and iron ores in the interval below the
Lower Mercer limestone is shown in the record given below and taken in
a ravine west of the road in the west central part of Section 8, Monday
Creek Township:

Ft. In.
Sandstone, MASSIVE «.oviveniennreerennninnreareerannnnrenanens 10 0
Shales and covered...........oiiiiinerinninieeeeannanns . 20 0
Limestone, blue, blocky, fossiliferousy ~  f......... 9
Shale, blue, fossiliferous }Lawer Mercer{ ......... 2
Limestone, blocky, blue, fossiliferous | | R .. 6
Shale, dark, carbonaceous, Middle Mercer coal horizon......... 1 5
Clay, light, plastic, part covered..............cvvvevinnnennn. 6 0
Shale with thin sandstone layers...........: e, 4 6
Ore, nodular, irregular. ... c.ouueieiieriinriearienneeennians. 2
Shale, SIlICEOUS - vvvuureennneenrreinrennneeraneennnns eeeees 4
Ore, nodular, irregular ...... ..ot iiiiiiin e, 2
Shale, SIiCEOUS +.vuvurrerrernrniiaieiireeninecreeereannnnans 2
Ore, nodular, irregular..........cooiiiiiiiiiiiiniiii i, 2
Coal, IMPUre ..iiiiiiiinnitiieennnnnareeenancaaneesonsannnns .. 1
Clay and covered....covveruiiioninnnnneoneenesnaaeranaanans 3 1
Shales, SIliCEOUS +.vvnnneeereiennienereenennreereennnnannsn 6 6
Ore, nodular, irregular, Boggs?......coouiieeiiiiieninnnnnn.. 2
Sandstone, dark ......ciiiiiiiiiii i i e et .. 2
Shale, dark, carbonaceous, siliceous............cccivvvuivenn.. 1 8
Coal, bony, Lower Mercer.........c.ccvveveninaens. e, .. 1
Clay, dark, siliceous.....covvreiieieinnreranneennnseannnnnnns 2 0
Clay, very siliceous, light........ ... .. ... o oo, 2 6
Coal, IrregUlar ..ottt iee it e, .. 1
Clay, Hght ...ttt it ittt ieeieenneraniaens 1 1
Coal, BONY . iiiitt ittt i e e e, .. 4
Clay, light, SIHCEOUS. ... oveevreriinrareiinieenee e e, 1 0
Shale, very siliceous.............oo it 9 0
Valley floor, elevation 915 feet.................... ...,

At Crossenville in the southwestern part of Jackson Township the
Putnam Hill limestone is present at an elevation of 1,027 feet and the
Lower Mercer limestone at g6o feet. About 20 feet below the limestone
an iron ore, apparently Boggs, has been mined by stripping. An analysis.
of this ore is recorded below :!

B2\ T 10.00
Siliceous Matter ......oiuuiueeeenntinnie ittt 17.92
Iron sesquioXide ..........coiiuiiiiiiiniiii e e '69.90
AlUMING . e et i, 0.60
Manganese . .oooveet ittt et e, 0.00
Lime phosphate .....c.uuiinniiinii it iiiiirnnsrannnn. 0.41
Magnesium phosphate ........... e et 0.96

1Geol. Survey Ohio, Vol. III, pp. £59-860.
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Magnesium carbonate ........... ... il SO 0.73
SulPhUr Lo e e e et et et e, 0.02
B3 7 ) 100.60
Metallic PO . volvreeeiineeiee et reeraeeiieneiinnennns 48.97
Phosphoric acid ..cvveenrenrnneinnini i iiieeiiee i, 0.63”

The position of the Boggs or Junction City ore is well shown in the
record given below and taken in the pit of the Junction C1ty Sewer Pipe
Company just north of that village:

Ft. In.

Shale and s0il. ... ..ot e e 6 0
Limestone, weathered, Lower Mercer........................ 1 3
Clay, Middle Mercer................... e reee e, 3 0
Shale, dark «.oovvieuriieietenrineeenneeeeneeresaeesaieonnnns 10 0
Coal [ 2
Shale \Flint R:dge{ ............... 2
Coal Lo .. 4
- Clay, light to dark ] [ 4 6
Clay, dark, flinty | . [ 1 2
Clay, dark, plastic ch'nt Ridged ....................... .. 6
Clay, light, very siliceous Jevoeeree g 6
Clay, siliceous, dark blu l ....................... 2 0
Sandstone, MassSive ......cveeeinerenneenssoioeneaaineennnsns 1 10
Shale, gray ..e.inieiiiiiiiietetenrancsacencenansorenaonns 5 0
Ore, BOGgS «ooneeiiieitnietneteanetossnesareesassennnannons .. h1
Clay, plastic, Lower Mercer........coveeeneceeeeeeninnnnnennn. 8 6

Ore was mined rather extensively along Rush Creek and its tribu-
taries in northern Jackson Township. Part of this ore was shipped to the
furnaces at Zanesville.

MUSKINGUM COUNTY!

“As has been previously stated, the Boggs member lies at most only
a few feet above the Lower Mercer coal and on the average about 22 feet
below the Lower Mercer limestone. In ascending order it is the second
distinctly defined limestone horizon in the Pottsville formation of Mus-
kingum County. The member is best developed in Hopewell, Falls, Mus-
kingum, Cass, and Jackson townships, although it is also represented in
Newton, Licking, Jefferson, Madison, and Washington townships.

“The Boggs horizon may be marked by limestone, flint, iron ore, or
almost any combination of these rocks. Further, fossiliferous shales are
often present. Lithologically this limestone in many respects resembles
the Lower Mercer limestone and the flint is similar to that found on the
Upper Mercer horizon. At its best this limestone is hard, dense, bluish-
gray, and rather siliceous. It is usually ferruginous, and in places so

1Geol. Survey Ohio, Fourth Series, Bull. 21, pp. 70-75.
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much so that the weathered blocks are highly colored by hydrated forms
of iron oxide. In fact it gradates through these stages of ferruginous
limestone to calcareous iron ore of the carbonate type. On the other hand
it also gradates from siliceous limestone to calcareous flint, or even to that
carrying practically no lime. The flint is usually highly colored from iron
oxide and carbon, the colors vary from nearly white through grays to
black. Limestone and flint are often directly associated, the flint usually
occupying the upper position. The iron ore is an impure ferrous carbon-
ate under heavy cover, but along the outcrop, or where severely weathered,
it belongs to the limonite class. The limestone and flint are very fossilif-
erous, but the iron ore has fewer fossils. In the main the types are very
similar to those shown in the marine life of the overlying Lower Mercer
limestone, although so far the fossils have not been carefully studied and
compared.

“The term Boggs is applied to the member, as it is correlated with
confidence with an iron ore of that name formerly worked extensively for
the early furnaces in Scioto County. Its position below the Lower Mercer
limestone is approximately the same in Muskingum County as it is in
southern Ohio. Further, the associated coal bed, which is well defined in
both areas, also agrees stratigraphically, but the marine life preserved in
the rocks of the two fields has not been studied.

Newton Township

“Although due over the entire area, the Boggs is not a conspictious
member in Newton Township. The horizon, however, is marked locally
by deposits of siliceous iron ores or of nodular flinty material, lying ap-
proximately 20 feet below the Lower Mercer limestone.

Hopewell Township

“The Boggs member is above drainage in the northern part of Hope-
well Township and is especially conspicuous along Poverty Run and its
tributaries. It is often typically defined at this place, as it is a bed of
fossiliferous limestone occasionally overlain by a bed of iron ore. At
other places only iron ore or calcareous flint mark the horizon and in some
localities the member is not represented or is replaced by thick sandstones.
The following record taken on the land of Delard Fink, in Section 18,
shows the relation of the Boggs member to the Lower Mercer limestone:

Ft. In.
Limestone, blue, fossiliferous ) S .. 10
Limestone, blue, fossiliferous { Lower M ercc’rz ................ 1 4
Coverad ...verereiin ittt e e eaa 10 o
Shale and covered ... ....viiiuiiiiiiniiiiii i 15 4
Limestone, blue, hard, fossiliferous | PP e 10

Limestone. siliceous, ferruginous, fossiliferous{ Boggaz ........ .- 10
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“In the above locality the Boggs member is a siliceous limestone con-
taining ferrous carbonate. On weathering the iron minerals in the lower
bed are converted into an impure iron ore. Lithologically the upper stra-
tum strongly resembles the Lower Mercer limestone and both beds are very
fossiliferous. On the land of Della Wise, near the Wise School, the mem-
ber is represented by iron ore, dark flint, and hard sandstone, the total
thickness of which is about 10 inches. In Section 19, on the farm of
Ralph Terry, the Boggs member is composed of 3 inches of ferruginous
sandstone and 3 inches of light flint. It lies 17 feet 6 inches below the
Lower Mercer limestone. East of the Wise School, on the property of
Harrison Shuey, 10 inches of a siliceous, ferruginous, fossiliferous lime-
stone on the Boggs horizon was exposed in the stream bed. In the north-
ern part of Section 14, on the land of H. Drumm, the Boggs member is
represented by a true black band ore in which Lingulae and Orbiculoideae
are especially abundant. Along the Licking River in this township, the
member is more often represented by iron ore or calcareous flint than by
limestone.

Falls Township

“In Falls Township the Boggs member is above drainage along the
Licking River and along Big, Bartlett, and Timber runs. The volume of
the bed expands in local areas to 1 foot 6 inches, and the composition va-
ries from a true limestone to a ferruginous flint or to a siliceous iron ore.
The member is only moderately constant. The following section, taken on
the J. Butler farm, 1 mile north of the mouth of Bartlett Run, shows the
thickness and structure of the Boggs member:

Ft. In
Flint, light, ferruginous 1
Sandstone, flinty, ferruginous}Beggs{ .............. ..ol .. 6
Shale, dark T 1 6

“The flinty phase of the Boggs member reported in the above section
is common in the northern part of this township. The flint is sparingly
fossiliferous and is usually of a dark color. The interval to the Lower
Mercer limestone is about 35 feet, which is considerably greater than the
. average. Near the mouth of Big Run, on the M. A, Russel farm, the
member is represented by 1 foot 6 inches of a ferruginous, cherty lime-
stone, and west of this, along the Licking River, it has thinned to only 8
inches, Along Timber Run only thin deposits of iron ore were seen.

Licking Township

“The Boggs member is readily traced across Licking Township, but
at few places is it more/ than a thin bed of flint or iron ore. It lies well
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above drainage, especially in the western part, where it is found near the
summits of the main ridges.

“The following section, taken along the road south of Claypool
School, shows the position of the Boggs member in relation to the Flint
Ridge coal:

Ft. In.
Coal, bony, Flint Ridge........ccoovviviiiiiiiiiiiiiniiinn.. .. 8
Clay and clay shale, light...........c.iiiiiiiiiiiiinnennnn. 4
Flint, light, irregular [ .. 5
Sandstone, hard 1Bogg: i .. b
Shale, light J | T T TP PPEPP 1

Muskingum Township

“In Muskingum Township the Boggs member is often a true lime-
stone, strongly resembling the Lower Mercer. The range in composition,
however, is from limestone to flint and from limestone to iron ore. The
member is above drainage in the entire township, but it lies close to the
flood plain along the Muskingum River. In the southern part of Section
6, along the road, 1 foot 2 inches of a dark, fossiliferous flint was exposed
on this horizon. Along Blunt Run the Boggs member is exceptionally well
exposed in the stream bed. For collecting, this is one of the best localities
in the county. The typical stratum is a true limestone which is only
slightly ferruginous and not especially siliceous. The overlying shales are
calcareous and belong to the same deposition period, whereas the thin
kidney ore is also directly related, its position with reference to the higher
limestones being about normal. North of this, on Beech Run, the Boggs
limestone has changed to one very flinty and generally ferruginous, and
along the Wheeling & Lake Erie Railroad, north of Rock Cut, it gradates
from a flinty limestone to calcareous flint or to siliceous iron ore.

Cass Township

“In Cass Township the Boggs member is well above drainage and
exhibits the various phases of limestone, flint, and iron ore, all of which
are fossiliferous. In local areas it has excellent thickness. Along the
road south of Elberson School the Boggs horizon is marked by a few
inches of light, calcareous flint, whereas along the road 1 mile west of
Dresden it is represented by a blocky iron ore usually about 4 inches in
thickness. North of the preglacial Newark Valley iron ore commonly
marks the horizon.

Jefferson Township

“The Boggs member in Jefferson Township lies near the base of the
hills and about 20 feet below the Lower Mercer limestone. The horizon
is generally marked by iron ore.
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Washington Township

“In Washington Township the Boggs member is very prominent along
the cliff facing the Muskingum River in the vicinity of Ellis Dam, where
it lies 20 feet above water level. The exposures in this locality were the
only ones observed in Washington Township. The following section,
taken near the dam, shows the relative positions of the Boggs member
and the Lower Mercer limestone:

Ft. In.
Limestone, shaly | [eermeminannnn. e eeieaaes 1 ..
Srate " T XL ower Mercer { o2
Limestone, hard Loevrererie e 1 8
1 171 4
Coal, bony, Middle Mercer.........c.cooviiiiininnneinninennnns . 8
Clay, siliceous, with sandstone layers............covvivinnnenen 6
Sandstone, shaly ........ccocveiiiiiniiiiiinniieaaea.. P 10
Shale, DIIe ...viiiiiiiinriiereiinenreneennncneesacosennnanss 1 6
Flint and hard sandstone, Boggs.....ccuveeuueeensrrnneenns. 1
Clay, light, very siliceous...........ooveuveneineianeennen.n. 3

“The Boggs member in this locality is made up of flint and hard
sandstone in varying proportions. The flint, which is dark-colored and
sparingly fossiliferous, occurs in the upper part of the bed, and gradates
with no true line of demarcation into the sandstone, which is light-colored,
and contains no impressions of marine life. Limestone and iron ore were
not observed on that horizon.

Madison Township

“The Boggs member in Madison Township is present near the base
of the hills along the Muskingum Valley, but it is so deeply covered that
few exposures were observed. However, it occurs above drainage along
Symmes Creek from its mouth to that of its largest tributary, North Fork,
where the bed appears to be very steady and exceptionally well developed,
showing all the phases from limestone to flint and iron ore. The Boggs
limestone at Symmes Ford is dark-blue and moderately fossiliferous, in
general appearance closely resembling the Lower Mercer limestone. The
intervals to the Lower Mercer limestone and to the Poverty Run limestone
are unusually short, the one to the Poverty Run limestone being only 16
feet. On the farm of Mrs. Agnes Compton, on Symmes Creek, about I
mile from its mouth, there is only one layer of Boggs limestone, which is
about 8 inches thick, and lies 17 feet below the Lower Mercer limestone
and 18 feet above the Poverty Run limestone. Another good exposure of
the Boggs member occurs in the bed of Symmes Creek near the mouth
of North Fork, where it is composed ofi 4 inches of dark limestone over-
lain by 4 inches of red ferruginous limestone, both of which carry fossils,
This lies only 19 feet below the Lower Mercer limestone, which is the
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shortest interval found in the county. In the northern part of the town-
ship the Boggs member often has exceptional thickness and appears to be
very persistent. Along the road one-half mile east of the Little School
the bed measured 1 foot 8 inches in thickness, and is a dark, fossiliferous
limestone, the upper part of which is more or less flinty. At this place it
lies 17 feet above d blue siliceous ore, which represents the Poverty Run
member, and approximately the same distance below the Lower Mercer
limestone. The Boggs limestone was also observed at other places along
the Muskingum Valley east of this. The following record, taken on the
farm of James Scott, in the northeastern corner of the township, is given
in order to trace the bed as far east as possible, and to show the general
character of the member as it passes into Coshocton County:

D il . , . Ft.  In
Limestone e ser et e et ee, . 9
Limestone Lower Mercer! .................. i .. 11
Limestone 1 1
Coal, bony, Middle Mercer. ... . o i .. 5
[ 08 O 1 ..
Sandstone, light, shaly...... e e ey 9 6
Shale, blue, siliceous................ B 6 ..
Limestone, flinty, dark, Boggs. ... iiviiriinnieinnnanen.s . 9
Clay, siliceoUs .. .vvriiiii i ireerateanacanananaranannns 2

“The Boggs member at this place is a true limestone; it is somewhat
flinty and dark-colored, but in other respects resembles the Lower Mercer.
This limestone is moderately fossiliferous and the types of marine life
are similar to those in the overlying Mercer limestone.

Jackson Townshi P

“South of the Newark River Valley in Jackson Township, the Boggs -
member is generally marked by a bed of ferruginous flint or cherty lime-
stone, whereas north of this valley it is more often characterized by
deposits of iron ore, which were formerly mined to a small extent for
iron smelting. Limestone, however, was seen at a few places north ef the
valley. The Boggs ore is very persistent along the main ridge north of
Frazeysburg, where it is reported to vary in thickness from 6 inches to 3
feet. The average measurement, however, in this locality is approximately
10 inches. In places the ore is partially or completely replaced by flint.
Like the limestone and flint, the ore is fossiliferous.

Economic Value

“The Boggs member is unimportant in estimating the mineral wealth
of Muskingum County. The deposits of relatively pure limestone on this
herizon are local and seldom reach 2 feet in thickness. The rock is too
impure for caustic lime and too hard to be crushed cheaply for agricul-
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tural use. However, it may be employed locally for road making where
the stratum outcrops along stream beds and is thus readily available. The
limestone often gradates into flint, in fact flint or cherty limestone is the
most common representative of the member. Further, the limestone and
also the flint often change to iron ore, which had considerable value during
the early period of iron making in Ohio, but which has little worth at
present. Analyses of this ore formerly mined north of Frazeysburg
follow; * ’

“Specific gravity......o.vuerit it e 2152 3464
Water, combined ............. it 240 10.05
Silicic acid ooonii i e e e 26.72 3.66
Iron sesquioxide ................ et et 18.57 79.07
Iron carbonate ... .oviniivriii i 43.08 caen
Manganese vuvvere i an et aes 60 1.70
ATUMING - veriiiiii it e e 2.00 2.60
Calcium phosphate ... ... v it iieiianans, 2.64 1.13
Calcium carbonate .....cooiiiitiiinrvrinrencanrnneenn 418
Magnesium carbonate ................. e rierreearaan 424 .65
Magnesium phosphate ......... e, 130
SUIPHUT e v i e i e ;Y 23
9996 9979
Metallic 1100 .« ovi v et ie e ... 3028 54.65
Phosphoric acid .. ... it et 121 897

EASTERN OHIO

From Muskingum County on northward and eastward to Trumbull
and Mahoning counties the Boggs member, if represented, is usually a
limestone, a ferruginous flint, or a fossiliferous shale. Only locally is the
horizon marked by iron ore. Small quantities were mined in western
. Coshocton County for the old charcoal furnaces, Mary Ann and Gran-
ville, and possibly some in the Mahoning Valley for Maria, Mill Creek,
and Montgomery.

LOWER MERCER OR LITTLE RED BLOCK ORE?
INTRODUCTION

“The Lower Mercer ore, mined rather extensively in Scioto, Jackson,
and Vinton counties for iron smelting in the charcoal furnaces, was called
by the miners the ‘little red block,” ‘fine kidney,” and ‘blue limestone’ ore.
In the report of 1870 it is described by E. B. Andrews as the ‘little red
block’ ore. It extends from Mahoning County on the north to Scioto
County on the Ohio River but it is subject to many wants. Moreover,
the bed is everywhere thin, in few places expanding to more than a few
inches. The member was mined most extensively in southern Ohio where
it has fair continuity and good quality for a native material.”

1Geol. Survey Ohio, Vol. III, p. 2#4.
2Geol. Survey Ohio, Fourth Series, Bull. 31, pp. 131-132.

-
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REGIONAL GEOLOGY
SCIOTO COUNTY!

“The Lower Mercer or Little Red Block ore lies on or only a few
feet above the Lower Mercer limestone when both are present. In Scioto
County the ore is far more persistent than the limestone, for the former is
found in Green, Vernon, eastern Porter, and Bloom townships, while the
latter was noted in good development only in Vernon Township along
Pine Creek, south of the village of Lyra. These members lie about 45
feet above the Lower Mercer coal, 22 feet below the Upper Mercer coal,
and 52 {eet below the Upper Mercer or Franklin ore. Both the Lower
- Mercer ore and the limestone are fossiliferous, but the ore contains fewer
specimens than the underlying limestone. Sections will be given in order
to show the relation of these members to other well-known beds.

“In Vernon Township the Lower Mercer ore is moderately persistent,
and the limestone is present in force along Pine Creek south of the village
of Lyra. A record obtained along the road that leads from Poplar Fork
to Clinton Ridge, in Section 28, Vernon Township, shows the following
general positions of the Lower Mercer ore and other members. The
record is given below:

b}
badl
g
b

Limestone, Fanport ........ccoueiiiniiiiererneraeaannnsenes 2 0
“Sandstone and covered.......viiiiiiiirt it 54 0
Coal, Brookuille .......c.ouueeinimiiiiiniriiiiiinerenanannn 1 0
Shales and covered......oovriiiiiiiirtiienrienereinnnennns 32 0
Ore, Upper Mercer......o.ureinueeetiniricanaannnereinns . 4
Shales and covered.....ooviiiiineirveanronncreenneonanunnns 22 0
Coal blossom, Upper Mercer.. ... i, 1 (]
Sandstone and covered. ... .. it e e 19 0
Ore, Lower Mercer.......oovvuiiiiiiiiiiiiiiaiiiianiniaanas . 3
Covered ... iiiir i it e 55 ¢
Coal, Lower Mercer ... ettt i iiiiananans 1 8”

“A combined section near Howard Furnace reveals the following
strata.”

Ft.  In.
Sandstone ....... B R 12 0
Coal, reported, [Lower RNittauningl... ... . ... .. ... ... .. .... 3 0
Covered .. ..ot e o. 10 0
Clay shales ...onen ittt eienaas 7 0
Ore, [Ferriferous] ..o iuieannr i icianen . [
Limestone, Ferriferous, [Vanport] ... .. ... . . iiiiieine.. 5 0
Shale .ottt e e 6
Coal, [Clarion] ...t cenneraaaen 3 0
Under<clay .. .cvuttnnn it e e e .. ..
Not exposed .............. £ O 58 0
Sandstone, shaly ...t 8 0

tieol. Survey Ohio, Fourth Series. Bull. 20, pp. 570-574.
2Genl, Survey Ohio. Report of Progress 1870, p. 173,
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Coal, [Brookuille] ......coiiiriii i, 1 8
Under-Clay ....oiveiiiininieiai ittt ittt .. ..
NOt SEEM vievrtveierireenetenneeannsveeeernnoanonsocnnns ... 38 0
Ore, ‘red block’ [Upper Mercer] .....covvnniviiiiiiinninn.. 1 0
B T Y 10 0
Ore, ‘sand block, not measured ...............oivvinnninnn. .. ..
Sandstone, shaly ............ P .. 30 0
Ore, “little block, [Lower Mercer] .......................... .. 4
Not S€en ..uvvivniniii e 3 0
Ore, ‘Flag’ [Boggs] ..oovrniiiiniiniiiiiiiieieaaiinannnenns 6”

“The Lower Mercer ore is quite steady in Bloom Township, but the
Lower Mercer limestone was nowhere observed. The ore was mined by
stripping, for use in the charcoal furnaces, and is rather rich in iron. . . . It
is usually somewhat fossiliferous, but not nearly so much so as the lime-
stone. . . . On the land of the South Webster Brick Company in Section 24,
Bloom Township, the following record was secured:?

Ft. In.
Ore, Big Red Block or Upper Mercer ............coovvnnn.. .. 4
Shale and covered ......ccoiiiiiiiiiiii it 8 0
Sandstone .....iiiiiiiei i i i e iee i 6 0
Ore, Sand Block .....cooiuniiieii i iiaiinnn.. .. 8
Shale and covered ..........iiiiiiiiaeii i e 14 0
Coal, Webster Block or Upper Mercer- ...................... 1 4
Clay, g00d ..oniiiiiii ittt e iaae et 4 6
Sandstone, shaly, part covered .................coiiiiain... 7 0
SaANAStONE «vvevvet ettt e e e, 7 0
Shale and covered ........... .o iiiiiiiiii i e, 11 0
Ore, Little Red Block or Lower Mercer ............coovuvnn. .. 4
Shale and covered ......c..oiiiiiiiiiiiiiiiii i 1 0
Coal smut, Middle Mercer .......... ..o ciumeuenaniiiiiunnnn . 1
Clay, SIHOBOUS +.v.vceervnnnenerennnneinnneeereanannnennnnn 2 0
Shales and covered .........coviiiiiiiiiiiiii i 12 7
Sandstone, shaly, blocky .................... e 1 0
Shales, SANAY «.vevvvrrririiter ittt et eanaas 4 0
Sandstone, shaly .........c.coiiiiiiiiii e .. 4
Coal, fair, Flint Ridge ................... et teeneeaeaan. .. 3
Shales and clay shales ............cciiiiiiiiininiiiinnnnn.. 2 3
Sandstone, ferruginous ...............c..iiiiiiiiiiiiiii.., 7
Sandstone, hard ........ ... .. il .. 3
Shales, @ray «vvveenrneiuenenerirueneeeeannaaenerseneneanns 2 5
Shale, DlIE .evvevennriinr ittt it iaiaaaas 1 0
Shale, dark, bony, tough ..ottt .. 4
Shale, blue, tough ............ i 1 7
Shale, dark, bony, tough .............. ... . ...l .. 't
Clay, siliceous .............oiiiiiiiiiiiii i, 1 0
Shale, ble .....ovviiiiint it it e i 6 8
Shale, bony, Boggs ore horizon .................ccoiiiiiinn.. .. 1
Clay shale, blue, siliceous ..........ccoviiniiiiiinnnennninn. 1 T
Coal, bony, Lower Mercer .............oiiiiiiiiiiiiiiiinn. 4

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 572-574,
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Clay, dark, plant marked ..........ciiiiiiniininnnirnrennann 1 0
Clay, Hght ..o ettt i e taiaavnarananrnanns 2 0
1] 1Y LS PP 35 0
Coal, Vandusen ......ccueinieamenuensaranecoaeasursnioeans .. 10

“The Little Red Block or Lower Mercer ore was useéd to a consid-
erable extent and liked very much by the operators of the charcoal fur-
nacés [Bloom, Howard, Scioto, Franklin, Junior, Clinton, Ohio, Empire].
Under heavy cover it is a blue carbonate, but along the outcrop the ore
has weathered to the hydrated oxide forms which were the types most
desired for charcoal furnace work. The bed, usually from 2 to 4 inches
in thickness, and with a maximum measurement of 8 to 10 inches, is quite
persistent when the interval is composed of shale. This ore was exten-
sively mined by stripping in Bloom Township, although it was also worked
in Porter, Vernon, and Green townships. . . . A partial analysis by the
writer [Wilber Stout] of a sample obtained from near Scioto Furnace is
as follows:

Metallic iron, Fe ... ..o it irircarnerarnaes 4230
Silica, S105 vvrriirr it it e PR 15.05
Alamina, ALOs .. .. e, 220
Phosphorus, P ..ot i ittt ra s 0.265
Manganese, Mo .. ... .. i it i iie e .. 034

LAWRENCE COUNTY *

“The outcrop of the Lower Mercer ore and limestone is restricted to
the Pine Creek Valley, and to the Ohio River hills west of Hanging Rock.
. . . These members are about, 55 feet below the Upper Mercer ore, and
about 25 feet below the Upper Mercer coal. The Lower Mercer ore was
worked but little in Lawrence County during the days of the charcoal
furnaces, as the Upper Mercer and Ferriferous ores were much better
developed. This ore is of good quality, and in the natural state has from
40 to 50 per cent iron.”

JACKSON COUNTY®

“The interval from the Lower Mercer or Little Red Block ore to the
Lower Mercer limestone, when both are present, varies from 1 to 18 feet
but the average interval is about 8 feet. The ore in the southern part of
Jackson County, although wanting in large areas, is far more constant
than the limestone which is seldom present. . . . In the northern part of
Jackson County both ore and limestone are relatively constant, but vary
ir character and thickness. The ore is not a part of the limestone for-
mation but a separate and distinct stratum, deposited under somewhat
similar conditions, yet differing in composition and date of origin. The

iGeol. Survey Ohio, Fourth Series, Bull. 20, pp. 202203,
*Tdem., pp. 142-151.
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ore was deposited as ferrous carbonate, while the limestone was laid down
as a calcium carbonate, yet both are of shallow sea origin. The ore was
also formed somewhat later than the limestone, as the two are often sepa-
rated by several feet of rock material. Both limestone and ore are fos-
siliferous and contain the same types of life.

“In Jackson County the interval from the Lower Mercer limestone
tes the Lower Mercer ore averages almost 8 feet; to the Upper Mercer coal
the interval varies from 23 to 35 feet, but averages about 27 feet; to the
Sand Block ore the interval varies from 30 to 45 feet, but averages about
36 feet; and to the Upper Mercer ore the interval varies from 43 to 60
feet, but averages 51 feet. The order and average intervals found are as
given below:

Ft.  In.
Ore, Upper Mercer ... vuineii it aiaenrannns .. ..
Interval ...ooiiei i e s 15 0
Ore, Sand Block ..o i .. ..
Interval ..o e e 9 0
Coal, Upper Mercer or No. 36 «...vvviiiiiiiiiiiiiiiinan, .. .-
Interval ..... et 19 0
Ore, Lower Mercer ..o.oovuvniiniiinnianaan. et .- ..
Interval .. e 8 0
Limestone, Lower Mercer ...... ... iiiiiiiiiiiiai .

“On land of Fred Raymond, Section 36, Hamilton Township, the
following members were seen:

Ft.  In.
Limestone, Ferriferous, seen on outcrop ..............cc..oo.... 3 0
L0003 - S AU 47 1]
Shale .o e e et 8 0
COVEIed o vvreetrit ettt et it e i 6 0
Sandstone, MASSIVE .. .vuur vt srerranseanennas 24 0
Covered ..ot i i et n, 26 0
Ore, Sand Block ... oot e etiiiarnnennn, .. 5
Shale and covered .........ciiiiiiaanna, s raa i1 0
Coal blossom, Upper Mercer ................................ 1 0
Clay and covered ... ... ic ittt 3 (]
Sandstone ... .t 12 0
Covered .ot e e e e 12 )]
Ore, Lower Mercer ..o oot iieeniiiieenanannn 4

“A section taken on land of Andrew Yinger, in Section 13, Scioto
Township, shows the following members:

Ft.  In.
Ore, Upper Mercer, fossiliferous ........... . v iiiivia. 5
Sandstone, ferruginous ... ....ooeiieiiiirran i 8
Coal, [Bedford] ... ..coviiniii i, U .. 6
Shale and covered ..........0 i 22 ¢
Coal, Upper Mercer ..., 1 0
Shale and covered ........iiiiiii i i 12 0
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Coal BIOSSOM o vt vvnrernanrsraacrcrvncoanscononesonsarennnn .. 5
Clay shale ..o.veenniriirieiiiiiii i iirarararaanaanesnonen 1 9
Ore, Lower Mercer .......coouuiiiiiiiniveraiarniaironscrses .. 3
Coal blossom, [Middle Mercer] .......ocviiiiiiiiiiinniats 1 0
Clay ..ooeevenan, P 3 .0
Shale ......... N 27 0
COVETEA vt i iieiie e eerar e s usnssaninsecesaresansanas 3 5
Shale, BONY . iriitiaiiiaaina i isiasn it . 7
Sandstone, light .......cocviiiiiiiiiiniennn. Ceeeneraneaean 6 0
Shale, blUE . .ovvrnriieie ittt ieriesacasiesncsnas 34 2
Shale, sandy, blue ......conriiiii it 3 0
Coal, Vandusen ........ e ererearieen e e ey . 10
Clay and sandy shale ... .. .ciiiiniiiiiiiiiiiaiiiincnrcnen 4 0

“On land of James Mayhew, in Section 5, Franklin Township, the
Lower Mercer ore with three coals below were seen and measured. The
section follows:

Ft. In.
Ore, Lower Mercer blocks seen ........oveiiiiiiiininneennaes .. 4
Covered .vuievnnniinn i e i 13 0
Shale, Bray «.vvueevrieneronetoiniruissreisanesessrssnneaons 8 0
Shale, blue, tough ...ocvriii i i i e 6 0
Coal blossom, [Flint Ridge] .. .. ..o iiiiiiiiiiiiiiiaanna.. .. 2
Shale, gray, sandy .....eeveeereieianeniiinrincnsiitiacnronas 6 10
Coal blossom, Lower Mercer, part cannel..........coveuee. .. 1 6
Clay shale .....ccoiiiiiiniiiiiiannesns e erreascaran, 2 6
Shale v vvevivererecrrrsonrereniocearannnes RN Crreaes 13 0
Sandstone ......c.iinviienn. vereens e reraeeereretarenerans 24 1]
Shale, sandy ....ovvvrienciannees e aeareeiarataenteans 3 0
Coal good] e i . 1
Clay shale l Vandusen {........coiiiiiiiiiiiiiiiiiiiennan, . 3
Coal J (e e teereaaeae, 1

“East of the Grace mine, Section 10, Coal Township, the limestone
was exposed in the creek. bed, and the ore seen in the road above. The
section measured is as given below:

Ft. In.
Ore, Upper Mercer. . ..o iiaiiraanssiresscnirnnnes . 4
L0003 10 0
Coal BlosSOm o.iveiniviinineiraneaeneaeiarssesraconnenennes 2
Clay shale ...iviitiiiiiiiiie it nreiiaesirarvinnnnnss 1 10
Shale and covered.....coveurvinrivieeeiirionrnnironnnnss 11 0
Clay shale, sandy......oviieinii it i 2 0
Sandstone, shaly ..o iiiviiiiiiiiiiiiiii i i e ey 7 0
Shale and covered......ooeriniiiniiiiie i ieinnrannanns 8 6
Coal blossom ..uuuveiiniiiin i inierannnrnasseearanionanans o 6
Clay ..viiiiviinnnnnencanas e seereseean et 2 0
1 T LN 4 7
Ore, Lower Mercer......o.iuiuieeiaieeninenaeieanrsnnnans . 5
Shale ....iiiiiiiiriiininnne. e iaeareaeaate b ennn 3 0
Covered ............... et e st et s e et s et 5 3
Shale, blue ... ittt tittrranctnaricantraannas 5 0
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Limestone ] [ oo .. 11
Shale, dark pLower Mercer! ............ccoiiiiiiiiiiiii 1 10
Limestone | i ................................ 1 0
Covered ....covveveneenn veraee ceteecnens e eteaeseneneenenann 9 0
Coal, cannel, [Flint Ridge].......ccoouieeiiiiiinnernnnannnnn. .. 6
Covered ...ovveivierneeeereeescnsascennnes cevenesan reeesae 1 0
Top of shaft, Grace mine............ccciiieriinrensrnenanens .. ..
Covered ....coo0vvnune teerreeesaerianae seeeesesensanees vees 97 0
Coal, Quakertoum ..... e e s iee st 3 0

“Along the road west of Hamden, in Section 13, Washington Town-
ship, the Lower Mercer limestone and ore are well represented, and the
horizon of the Upper Mercer limestone is marked by dark flinty limestone
nodules and kidney ore. The section measured at this place is given helow :

Ft. In
T (T 2 ) T3 11 0
Ore and flinty limestone, Upper Mercer............cccvvvvn... .. 4
Shale ..ieveiieraarrorernscanssensssonsscesoccoressoncecanns 4 0
Shale with thin ore layers........ccovvvieeeiiieninneennnn.. 3 0
Coal blossom, [Bedford] ....... Ceeterraacanes v eeieeneeee .. 8
Clay, light «..ciuvitiiiii it 1 4
Shale, sandy .eecvvenann S e eesetnaariataeananrtottotittanenas 4 10
Ore, kidney, Sand Block......oovureinniniiarniniineannnann.. .. 2
Sandstone, shaly ...... Ce s enaencteieteaeteer et e s 11 0
Shale and covered.....coeiiiineieninnnnnernnennnnnennnnns 8 0
Clay shale, light and pink..................coiiiiiiiiit., 6 0
Shale and cOVEred.....vuuvvunvunerenernoeenesnneeneenennnn.s 6 6
Ore [ceee .. 3
Shale YLower Mercerd ...t iieainnnnn, 1 0
Ore | e e e . 10
Shale, very fossiliferous................coiiiiiiiii 1 6
0 7 2 1
Limestone, Lower Mercer.......cooeiuunereeinaneienennnns .. 10
Clay shale ......oovovininiiiiiiiiiiei i 2 0
Coal, [Middle Mercer]........cccoiviviiiiia. e ieeeeeaas .. 2
Sandstone and covered....... ... i iiiiiiitiiti e, 14 0
Ore, [Boggs] . ceeiiiaiiiniiiiiiennasnnnsscancenaroneanann .. 6
Shale and shaly sandstone...............ccovviiineann... Ao 3 0
SanNdStONE .vovviieiiiiiiii ittt it e etetaae e .. 3
Coal, Lower Mercer.........oueeuiiureenncasseeerosnannanns 1 1
Clay and covered.........c.oovniiiiiiiiiinniiininnnnn. e

“The Lower Mercer limestone and ore are of more interest for their
utilization in the manufacture of iron during the charcoal furnace period
[Jackson, Jefferson, Monroe, Washington, Cambria, Latrobe, Lincoln]
than for their present value. The ore is rich, easily reduced, and contains
the elements necessary for making a soft, high-grade foundry iron; hence

_it was always in demand for charcoal iron. Although the stratum is thin
the ore was worked along the outcrop and under shallow cover by bench-
ing, the rule being to strip a foot of dirt for an inch of ore. . . . The iron
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content of the ore in the natural state runs from 35 to 50 per cent, the
phosphorus from 0.250 to 0.400, and the manganese from 0.30 to 0.60.”

VINTON COUNTY*

“In Vinton County the Lower Mercer ore is locally present across
the central part or in northwestern Brown, Swan, eastern Jackson, eastern
Richland, Eik, and western Clinton townships. It was mined most ex-
tensively in Richland Township where it was used for smelting in Cin-
cinnati furnace. Where both the ore and the Lower Mercer limestone
are present, the position of the ore is 2 to 10 feet above the limestone.
The mean intervals to the overlying Sand Block and Upper Mercer ores
are 23 and 34 feet respectively and to the underlying Boggs 31 feet. -The
member varies from 1 to g inches in thickness but averages about 3 inches.
Usually it is represented by a single stratum but locally it may be divided
into two or even three layers. Most of the deposits are sparingly fos-
siliferous, the fauna being of marine origin and similar to that in the
underlying limestone. However, the species are fewer and the forms more
impoverished. .

“The Lower Mercer ore is poorly represented in northwestern Brown
Township. At the forks of the road in southern Section 34, the following
measurements were secured :

Ft,  In,
Ore, kidney, Lower Mercer, elevation 760 feet................. - 3
Clay and covered..........ocvvnnunen s b eeaiaaa, 8 8
Coal blossom, Flint Ridge................. eamerranate e .. 1
Clay, SiHCEOUS .vuirtvenranereersensraaesrsonovaneeneransons 1 0
Shale, argillaceous ........c..vuuu. eeree s s 6 0
Shale and covered .......... PP . | 0
Ore, carbonate, siliceous, sparingly fossiliferous, Boggs........ .. 3
Shale .cveviininiiiiiireieriarianannes e raeeetaaaa e 2 0

Water level, Raccoon Creek.

“Formerly the member was mined in a small way by stripping along
the outcrop_in many places in Swan Township. Along the road in the
southwestern part of Section 2, at an elevation of 841 feet, the deposit
consists of two benches of ore, 2 and 3 inches thick, respectively, separated
by 4 inches of shale. The structure and thickness of the member are much
the same also in the vicinity of Mt. Pleasant in Section 4. Near the forks
of the road in eastern Section 6, the following rocks were exposed:

Ft.  In.
Ore blocky 1 ‘ | PRI 5
Ore, impure, weathered, flint{ Upper Mercer Jooerminaninnnn. .. 4
Clay, siliCEOUS .. ovivsiiurierrieivarencaneisneescenaeneransss 2 0
Shale and covered......ciuiiirieeneroniarinireancraenenenns 12 6
Coal blossom, Upper Mercer...........covvvviiniiniennn... 6

1Geol. Survey Ohio, Fourth Series, Bull. 31, pp. 132-134,
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Clay, light, plastic.................coiiiii L, e 1 6
Sandstone, shaly, parts covered. . ...........oiiiirnrenrennn.. 10 6
Ore, kidney, in two layers, Lower Mercer, elevation 972 feet... 8
Clay, light, plastic, Middle Mercer...............coiivin.n. 2 0
Shale, gray, siiCeOUS.....ouvnni ittt 7 0
QOre, kidney, stray bed......o.o..o0n A, .. 3
Clay, impure, plastic, Flint Ridge.........oovvirrnninnennnn.. 2 6

“The Lower Mercer ore is 3 inches thick near the Ebenezer School in
northern Section 7. It shows little change in the central and the southern
parts of the township, usually being present but everywhere thin.

“The position of the member is about midway up the slopes of the
hills in the eastern part of Jackson Township and near the summits of
the ‘ridges in the central part. The development is not above the average
in any part of the area. Its elevation above tide is about 1,030 feet in
Section 1, 1,095 feet near the Chestnut Grove Church, in Section 5, 920
feet in Section 36, and 1,015 feet in Section 32.

“A part of the ore supply for Cincinnati furnace was drawn from
the Lower Mercer member in Richland Township where the bed is mod-
erately persistent over most of the area. Along the road in central Section
11, the ore is 2 inches thick and lies 2 feet 4 inches above the top of the
Lower Mercer limestone which measures 5 feet 6 inches. Its relation to
the Upper Mercer member is shown in the following record taken along
the line in the southeastern part of Section 16:

Ft, In.
Coal blossom, Brooktille.... ..o iiiiiranniireenerennnnnss 1 0
Clay, plastic, light.........coiiiiiiiiiiiiiienen Canereeias 3 0
Covered ..oveiviiiraneeriorescrasercronssesssnrariacasscanas 15 0
Shale, STHCEOUS . .vvivvreerinearancerercrnsocsannnnssncsnsncs 3 0
Flint, siliceous, light gray to dark, Upper Mercer .............. .. 4
Shale and covered.......oovivuenereienneerineieenanannns .21 0
Clay, poorly exposed......ccovvvnne. et veaetaen i, 2 0
Shale and shaly sandstone.......covevcenencvinneerenenannniss 8 0
Ore, kidney, siliceous, Lower Mercer, elevation 930 feet........ . 3
Clay, shaly, light, Middle Mercer.....ccooiviriininiinnenana. 1 6
Shale, BTaY «vvreeeerrunnnenreescasacoassnasisivnsorssneescns 6 0
Coal, weathered, Flint Ridge..... Cesesrarerecrtenstaraarenans .. 3
Clay, light, shaly...covrir ittt iecsninnenens 2 0
Shale ......ccnn. et ectreaerr e i e retee b aranhes 5 0

“In southeastern Section 13 and northeastern Section 24, from 2 to 4
inches of ore is present just above the Lower Mercer limestone which is
well developed. Along the ridge in central Section 34, the bed was for-
merly mined by stripping. The thickness of the member is 2 to 6 inches.
Old ore benches are also present at an elevation of 930 feet on the ridge
in the central part of Section 33 and south of this in Section 4. Some
deposits were also worked along Jackman Ridge in Sections 34 and 3.
The ore is regularly broken by joint planes into blocks which weather into
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concentric layers known to the miners as kidneys. Along the outcrop it
15 a limonite but under cover it is a hard siderite,

“The Lower Mercer ore is not a prominent bed in Elk Townshnp for
in many localities it is wanting and where present the stratum is thin and
impure. It is present above drainage only in the western half. The
member is also lacking in continuity and is variable in thickness and
quality along Little Raccoon Creek and McConnel Run in the western
part of Clinton Township.

Economic Value

‘ “At present the Lower Mercer ore is of interest chiefly for its strati-
graphic features although formerly in the days of the charcoal furnaces
it was considered one of the important iron-bearing strata of southern
Ohio. It belongs to the block or kidney type of ores, depending on its
thickness and state of weathering. On the outcrop the material is a soft
shelly limonite but under cover it is a dense siderite. Analysis of the
ore usually shows from 25 to 45 per cent iron, from .200 to .400 per cent
phosphorus, and .30 to .60 per cent manganese. It belongs to the class of
ores well fitted for making foundry iron.. Owing to its soft and porous
nature, it smelted readily in the short stacks of the charcoal furnaces. In
Vinton County the Lower Mercer ore was mined largely in the vicinity
of Cincinnati furnace in Richland Township and near Creola in Swan.”

HOCKING COUNTY

Throughout central and eastern Hocking County the Lower Mercer
limestone has remarkable continuity, seldom being absent from the section.
The hard blue limestone is commonly overlain by calcareous, highly fos-
siliferous shales from a few inches to a few feet in thickness. Under
such conditions this shale has apparently supplanted the ore, except in
very local areas. Where present the ore is nodular or blocky in structure
and seldom over 3 inches in thickness. The Lower Mercer ore adds little
to the iron resources of the area. '

PERRY COUNTY

In Perry County the Lower Mercer ore is due across the western
and central parts of the area but in general the stratum is wanting,
through lack of deposition, from the section. Where observed the ore
lies closely above the hard blue limestone and is only a few inches in
thickness. The ore is of the limonite or siderite form and of fair purity.

MUSKINGUM COUNTY *

The Lower Mercer ore is poorly represented in Muskingum County
for it was observed at only a few places. Where present the member lies

1Geol, Survey Ohio, Fourth Series, Bull. 21, pp. 9091,
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about 1 foot above the Lower Mercer limestone, and where measured, it
was from 3 to 5 inches in thickness. Under cover the ore is a siderite
or ferrous carbonate, but along the outcrop, where subjected to weathering
agencies, it is a limonite or ferric hydrate. On the hill just south of: the
village of White Cottage, in Newton Township, the Lower Mercer ore
was well exposed in a ravine where the record given below was obtained:

Ft.  In.
Ore, Lower Mercer...o.c.ove.... e, A .. 4
1S 2 L 1 10
Limestone, Lower Mercer.........o..oioiviiiiiii 1 2

“At the mouth of the Licking River at Zanesville both the Lower
Mercer limestone and ore were uncovered near the water level, and the
ore measureg 3 inches. The ore was observed at a few places along the
Licking River west of this, and along the Muskingum River in the vicinity
of Rock Cut. Along the road in the northeastern part of Section 20,
Hopewell Township, the member measures § inches.

“At present the value of this.member in Muskingum County is
trifling, and even during the-days of the charcoal furnaces its rating
was low owing to its limited extent. It is one of the rich coal for-
mation ores varying from 40 to 50 per cent iron in the raw state.-
The content of phosphorus is sufficiently high to place the ore in the
foundry class, whereas the manganese is usually about 1 per cent.
The ore carries varying quantities of lime and magnesia, which are
present as carbonates.”

COSHOCTON COUNTY

In Coshocton County the Lower Mercer limestone shows high devel-
opment across the western part of the area. The member is made up
usually of both hard blue limestone and fossiliferous shale. Throughout
most of the area the associated ore is absent, its place being taken by
siliceous shales. From the records no ore was mined within the area for
metallurgical purposes.

HOLMES COUNTY *

“The Lower Mercer ore in Holmes County is of no economic and of
very little stratigraphic importance. In this area the ore, if it is present,
lies directly on top of the Lower Mercer limestone. The usual thickness,
where present, is from 1 to 2z inches. The ore is a shaly, calcareous
siderite, which, on the outcrop, has been weathered to a limonite. The
greatest thickness of this member observed in Holmes County was 1 foot
in central south Richland Township at the Holmes-Coshocton county line
at the southeast corner of Section 23 and the southwest corner of Section

iWhite, George W, Unpublished manuseript on the Geology of Holmes County,

N
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22. Here it overlies 7 feet 2 inches of calcareous shale which represents
the Lower Mercer limestone at this place. The ore here was observed to
be irregular and nodular.”

IVAYNE COUNTY!

The Lower Mercer limestone is well developed and persistent in
Wayne County but the associated Lower Mercer ore appears to be absent
except in very local areas.

The ore is best developed in Paint Township where it appears with
normal development and at its proper position in the section. The follow-
ing record was obtained near the road corners in the northern part of
Section 17, Paint Township:

. Ft.  In.
Limestone, gray, Putnam Hill.............ccocoveiiiiaaan... 3 8
Coal, fair, Brookville..........coiiiiiieiiineniiniiannnn.. 2 4
Clay, gray, siliceous.......cooiieiivniienernennesonecoacnnnn. 7 6
Coal, smut, T1omest@. ... .oovvreenieienronssascscrosonreaans .. 1
Clay, gray, siliCeOUS. .. .iouuererriianrriereareanneenioeinnnnns 3 0
Covered +oovvevnnnnnnnnnns et etetasanetaetesanoncaaannnan 36 8
Shale, gTay .oveveiererrrsrarecsnennonness ereeeteenraeaann 7 0
Ore, blocky, Lower Mercer...ooeueieiiiienivanenaniiiieids. 4
S T 1 .. 5
Limestone, hard, blue, Lower Mercer...............c.co.o0t. 1 9
Shale, dark, carbonaceous.......coovvmveveiorecrerrernnnencns 1 2
Coal, bony R AR 1 3
Shale, bony }M'dd’e M"c"% ................................ .. 2
Clay, light, siliceous........vvveeiiniiiiiiiiiniiiiinnnnnneess 5 5
Clay shale, dark......c.coovininiiiiiiiiiiiinniiiiiinenans .. 1 10
Coal, bony, Flint Ridge.......coooiriiiniiiiiinannionaennns .. 2
Clay shale, dark.......ccoveeinieiii i i 1 0
Clay, light gray, siliceous...............cooiviiiiiiiiiian, 2 0

TUSCARAWAS COUNTY

Although due throughout local areas in the western part of Tus-
carawas County the Lower Mercer ore is rarely present and then appears
only in a thin nodular form. It was not worked for iron smelting.

STARK COUNTY

The Lower Mercer limestone is widely distributed in Stark County
and appears with good development. The Lower Mercer ore is not re-
corded in the scattered sections taken in the area.

1Geol. Survey Ohio. Fourth Series, Bull. 24, pp. 100-105.
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MAHONING COUNTY !

“The Lower Mercer ore lies directly over the Lower Mercer lime-
stone, but it has been found at only two localities in the Youngstown
region. In Grindstone Run the Lower Mercer ore is represented by a
layer of flat, kidney-shaped concretions, separated from the limestone by
two inches of soft, fossiliferous shale. The ore nodules are blue when
fresh, but the surface quickly turns brown when they are exposed to
the air.

“The Lower Mercer ore is best developed in the ravine on the north
edge of Lowellville, The ore has a dark bluish gray color when fresh,
but weathers to colors varying from yellow through dark red to brown.
The ore is divided into two parts. At the top there is a two-inch layer
of fairly hard, dense, somewhat granular material which breaks with a
rough, irregular fracture. When weathered, it is generally brown in
color, This is underlain by about four inches of soft shaly material that
looks like hematite, when weathered. . . . Below this there are two to four
inches of dark blue, gritty, soft limestone which splits in rough, irregular
layers, and is very fossiliferous. This layer directly overlies the hard
limestone, which is 34 inches thick.”

The geology of the Lower Mercer ore is well shown by the following
section [Wilber Stout] taken in Furnace Hollow near Lowellville:

Fi.  In.
Limestone, Upper Mercer.. . ... ..o oiiie i, 2 10
Coal, shaly ) J ...................................... .. 11
Clay, dark Bedford 4 ... ..o i iaeiccninncnnn 2
Coal, good .. 4
Clay, dark, with shaly coal bands......................coeen.. 1 1
Clay, plastic, SiliCeOUS. .. .vveernr it iiiineenne 1 ]
Sandstone, shaly, part covered.......... ..ot 13 3
Shale, Bray soveieereennesneerenirnroeenesvenscessoeneannens 3 0
Ore, blocky, Lower Mercer. . ... ...coiiviiiiiiiiiaannnnans .. 3
Limestone, hard, blue } I Y 2 "1
Limestone, hard, blue { ower ercerl ........................ .. 6
Clay, dark ..coooninni i DU .. 8
Clay, light, siliceous. ........coiiiirinrreiniiiiii e 2 0
Clay shale, siliceous, impure..........cooviiveininienannn.. .4 0
Coal, shaly, Flint Ridge ...........ccconviivenn.. R .. 5
Clay, siliceous, very impure. .....c.ovtveviiiinrerennnnnnnns 5 3
Shale, dark, carbonaceous, somewhat fissile.................... 2 6
Clay, shaly, impure, light gray......... ..ot iiiiinininnn 4 0
Coal, fair, Lower Mercer........oovuiiurnneannninaninnennn. 1 1
Clay, very siliceous, with ore nodules......................... 3 ]

Northeast of Poland the Lower Mercer limestone is well exposed in
the bed of Yellow Creek. Lying directly on the limestone is I to 2 inches
of iron ore, exceptionally well developed into the cone-in-cone structure,

1Thesis, Ohio State University, 1983, The Geology of the Youngstown Region, by Edgar Lee
Stephenson, pp. 82-88.
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SAND BLOCK ORE’
INTRODUCTION

“The Sand Block ore was formerly used in a small way by some of
the charcoal furnaces in Scioto, Lawrence, Jackson, and Vinton counties.
It was named Sand Block ore by the miners as it was blocky in structure
and as it was more siliceous in character and rougher in appearance than
either the underlying Lower Mercer or Little Red Block ore or the over-
lying Upper Mercer or Big Red Block member. It was considered least
valuable of the three block ores. The general position of the Sand Block
ore is about two-thirds of the way up in the interval between the Lower
Mercer and the Upper Mercer ores, and only a few feet above the Upper
Mercer coal.”

REGIONAL GEOLOGY
SCIOTO COUNTY *

“Where present the Sand Block ore is found in the interval between
the Upper Mercer coal and the Upper Mercer limestone or Big Red Block
ore. In some places the ore lies close to the coal, while at other places it
may be found as much as 30 feet above. The average interval is about 15
feet. . . . This deposit, found in Bloom, Vernon, and Green townships,
contributed some ore for the old charcoal furnaces [Empire, Franklin,
Junior, Scioto, Howard, Bloom] that formerly existed in the region. The
bed averages from 4 to 6 inches in thickness and has a maximum measure-
ment of about 12 inches. Under heavy cover it is a siliceous blue car-
bonate, but along the outcrop this has weathered to the hydrated oxides.”

“The geology of the member is well shown in the following record
taken on land of Smith Hayward, in Section 35, Bloom Township:?*

Ft. I~
Coal, Brookuille ....o.overeeninnrcneeineincanireeeaannanns 2 0
Covered ..iuuiuuiriverenecarnsssassoscncrsosertaverncncsosens 18 1]
Ore, Big Red Block or Upper Mevcer...............c.o...... 1 6
Covered ..vivreiireiiiiionnnrersscarernrsascerosseciarsanens 16 0
Ore, Sand Block. . ...ovveeeuiitensieniiaareaniorneninenns 1 0
Shale vttt it e rer st taa e 10 0
Coal, Webster Block or Upper Mercer........................ 1 6"

LAWRENCE COUNTY*

“The Sand Block ore, which outcrops along the western edge of
Lawrence County, lies between the Upper Mercer coal and the Upper
Mercer ore. In some places the deposit is only a foot or two above the

1Geol, Survey Ohio, Fourth Series, Bull. 81, p. 189,
#*Geol. Survey Ohio, Fourth Series, Bull, %, p. 580,
2idem., p. §79.

sldem., p. 297,



78 IRON-BEARING FORMATIONS

coal, but usually it is from 10 to 15 feet. The ore, which varies from
4 to 12 inches in thickness, is quite siliceous, and has been worked at only
a few places in Lawrence County.”

The following record taken on Bear Run north of the plant of the
Superior Portland Cement Company shows the position of the Sand Block
ore with reference to the Upper Mercer coal:

Ft.  In.
Sandstone, MESSIVE .......covevenmcuecroron Cerraeeareruaenes 15 0
Ore, irregular, Sand Block..... O N 1 0
Sandstone, very shaly......... e seaeenaesen v rereee e, 3 0
Shales, SanAy ..vveveeonnernnranroreniasoncetsoneosonaraonans 7 0
Coal blossom, Upper Mercer......coovvivioniniiiiiiinaan. 2 0
Clay, OO ..ovvvriiiirrertereteesoneovsonsncaererssoneonnaas 4 [
Sandstone, thin bedded......... et 8 0
Shale, gray, siliceous....cccvvaeerninaanns R e 18 0
Limestone, Lower Mercer....oovenveenn- R | o

At this place the position of the Sand Block ore is 120 feet below
the Vanport limestone.

JACKSON COUNTY?

“In Jackson County the next member above the Upper Mercer coal is
the Sand Block ore, which was worked in a number of localities for the
smelting of iron .in the old charcoal furnaces, but it was then ranked far
below the Ferriferous and the Upper Mercer ores. The ore is found more
or less continuous in parts of Hamilton, Jefferson, Scioto, Franklin, Lick,
Coal, Washington, Milton, and Bloomfield townships. In the townships
south of Jackson the Sand Block ore lies from 10 to 20 feet above the
Upper Mercer coal, and from 10 to 20 feet below the Upper Mercer ore,
while north of Jackson these intervals are somewhat contracted, as the
ore is often found lying just above the Upper Mercer coal. . . . The thick-
ness of the ore varies from an inch or two to a foot or more in some
localities, but the average measurement is about 5 inches. The ore is
generally siliceous and low in iron, but in most cases the thicker the deposit
-the leaner the ore.”

The general stratigraphy of the member is shown in the record given
below and taken on land of George B. Wykle, north of the highway and’
Baltimore and Ohio Railroad, in the central part of Section 14, Lick

Township.
Sandstone «...oviiieinncneens et teareennna eeeenneeevaan 15 0
Ore, Zaleski flint horizon. ... o.vviiiiiineiiiriiiiannannns .. &
(0 - (O 15 0
Limestone, shaly, fossiliferous, Putnam Hill.. ... ... ......... 1 ]
Covered ....... rerrecavenseaa Creverrseennaane Cereranaenraes 3 0
Coal blossom, Brookville.............. v erree e 1 0
Clay, light ......... heesncaneennaans eenreanree s 7 ]
Shale ...... e e eeta et ar s st at ettty 4 0

1Geol, Survey Ohio, Fourth Series, Bull. 20, p. 180,
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SANAStONE . cneetitireinrneravntnsenrcannenassssasanssnnnes g 0
Coal blossom, Tonesta,......... P 1 0
Clay, sandy, dark.......civnvenvnninnenn. Chreraaseir e 2 0
Shale, sandy .....ccvenne eeeetreenertrere. bereesaseenaraas b 0
Ore, Upper Mercer ........... P P . 2
Coal stain, Bedford.......c.vurverieriinrinierieianaernneess .. 1
Coal, light, sandy............ fe e s nascea et e n 2 0
Sandstone ........ e et ratabse et ara e et e yann 8 8
Covered .......... e aete e s et a et e areate ey 5 0
Ore, Sand Block............ e nvetereeaerer s 2
Shale, siliceous ...... D O 6 8
Coal, Upper Mercer ..o iinniieiiniieanasssinennnnererann 1 1
Clay, good . .ocoviiirvencoaccnnss ererenenan PO - 1]
" Shale, siliceous ............. O 9 1
Coal, shaly ...oiiviiiiiiriiiisnesnnnreresnaerenacnonnsncensn .. 4
Clay shale ......... e s te et e e et 2 8
SANdStONe .. .u..cititii e ia et a e aaean 3 0
Shale ..coniiriii i i .- 3 0
Coal, shaly vovrerierrieiin it veiinsaaeneeatainncnienn .. 9
L0 o« O 5 3
. Limestone, Lower Mercer........ooueunnieenieiaiiniannnns 1 0

VINTON COUNTY

“In Vinton County the Sand Block ore is an uncertain and variable
element. It changes from a well stratified ore of blocky structure to con-
cretionary nodules dissipated throughout several feet of shale. Further,
in many areas it is completely wanting. The material varies also in char-
acter from a rather rich mellow ore to one decidedly siliceous or argil-
laceous. During this stage the conditions in the brackish water swamps
were only locally favorable for the deposition of ferruginous sediments
in sufficient quantities to form definite ore bodies. Under cover the ore
15 a siderite but along the outerop, where weathering has been active, it
is a limonite, The thickness of the ore varies from 1 to 8 inches but the
usual measurement is about 3 inches. The general position of the Sand
Block ore in Vinton County is 11 feet below the Upper Mercer ore, 4
feet above the Upper Mercer coal, 23 feet above the Lower Mercer ore,
and 29 feet above the base of the Lower Mercer limestone.

“Formerly the Sand Block ore was mined in a small way at a number
of places in Swan Township. It was worked most extensively along the
ridges west of Creola. The main stratigraphic features are shown in the

following measurements taken in southern Section 2g: :
Ft.  In.

Ore, blocky, Upper Mercer.........cccovvuvvnn. eereeiacenea .. 4
Shales and covered.....oooueviireir e iiirieieeraanninan, 13 6
Ore, irregular, siliceous, Somd Block......................... .. 3
Shale and covered.....coiiuuineiiannrnenrsacrereennnaennin 1 9
Coal blossom, Upper Mercer........cooovuineiiiiiiinnnnannn. 6

1Geol, Survey Ohio, Fourth Series, Bull. 81, pp. 139-141.
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Clay, part covered.. ... coioneiiiniiniarirr e s cncarcnanses 4 0
Shale and covered. ... .ot v irini i 11 0
Ore, very siliceous, Lower Mercer ... ... ... ........c..... 3
Shale, dark ......... et eae et e e e e e et 3
Coal blossom, Middle Mercer........................c........ ‘ 6
Clay, siliCEOUS tvuviviiinneiieininrnonvsrsnesnoneaaensnnennes 2 ]
Sandstone, shaly ............ Ch e rseeeeeea bt aaaaeas 4 1
Ore, kidney, local................c0. ettt .. 2
Shale, gray ....coiciionicnnnens e re e 1 8
Coal and bone shale, Flint Ridge.........oooveienniinanna.. .. 5
Clay, light, plastic, very siliceous................. ... ... .. 2 0

“Local deposits of Sand Block ore are present along the ridges in
eastern and central Jackson Township. Near Otterbein Chapel in Section
y, Jackson Township, this member, 4 inches thick, was exposed along the
road. The elevation of the deposit is about 1,050 feet. Its position here
is directly above the Upper Mercer coal, only a few inches thick, and
11 feet below the Upper Mercer member, represented by fossiliferous
limestone and flint. Along the ridge in Section 1o, Jackson Township.
the conditions are much the same except that the ore thickens to as
much as 6 inches and the coal to 1 foot or more. Other exposures were
ohserved in the southeastern part of Jackson Township.

“The deposits appear to be thin and scattered in Richland Township
ard are not especially prominent in western Clinton. The member was
formerly mined to a small extent in western Elk Township. The gtrati-
graphic relation of the Sand Block ore to other members higher in the
geological column is well shown in the following record taken along the
road in central Section 7, Elk Township:

Ft. In.

Coal blossom, Clarion....................... e 1 0
‘Clay, plastic, Hght.......oirireii e 5 0
Sandstone, light, soft, Clarion .......... ... it iviiiainann 30 0
Coal blossom, Bters. .. .ovevrii it iinnananananss 1 0
. Clay, plastic, light.......coviiiiiiiiiiii i iiiennann, 1 0
Covered ..ottt et a et aan 3 0
Shale, part dark....oovnineeniii it 3 0
Coal blossom, Ogam.......vviuer it iiieiiaaaan. 1 0
Clay, plastic, Hight. .. ... v i e 2 8
Ore, nodules in clay..oovivr i et .. 4
Shale and covered................oooll e, 21 6
Coal blossom, Brookuville........c.oiueiiiiiiiinii i innnnnss 1 6
Clay, plastic, light, lower part siliceous................covivn. 5 ]
Shale, Bray ..oveiiii i i e e e ey 10 0
Ore, blocky, Upper Mercer......... vt et .. 4
Clay and covered. ... .oovvirseorreranssavireannrnsnseraieinns 2 6
Sandstone, ferruginous, blocky............. e 1 6
Shale, gray, siliceous. .. .verri ittt e 13 2
Ore, very siliceous, Sand Block........ ... ... ..., . 4
Shale, part dark. . .voiieiiieriiinenianeioernncnnineeneenna. 1 N
Coal blossom, Upper Mercer. ... ..o iiiiaiinnnns 1 0
Clay, plastic, Hght. ... ittt v et crireeneaienen 2 0
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“In the vicinity of Elk Fork, the Sand Block ore, known locally as
the ‘Dever block,” was formerly mined at a number of places. The mem-
ber here lies about 13 feet below the Upper Mercer or ‘Dunkel’ ore which
was worked very extensively throughout the area.

“The deposits of Sand Block ore in Vinton County are too thin and
too lean to be of any special importance at present. Formerly also the
member was regarded by the charcoal furnace operators as of less value
than either of the associated Mercer ores as it was changed in a short
distance from an ore of fair purity to one very rough and siliceous. Like
most of the coal formation ores, it belongs to the foundry class, being
higly in phosphorus. The composition of the best Sand Block ore is ap-
proximately 25 to 40 per cent iron, .200 to .400 per cent phosphorus and
.50 to 1.50 per cent manganese.”

CENTRAL AND EASTERN OHIO

Although a detailed search of much of the area in central and eastern
Ohio has not been made the evidence as now available indicates that the
Sand Block ore is absent from the section or at least very poorly repre-
sented. In general the interval between the two Mercer limestones de-
creases some in their extension to the north and to the east. In so doing
both the Upper Mercer coal and the Sand Block ore disappear or become
poorly represented. The ore was not found in detailed work in Mus-
kingum, Holmes, and Wayne counties and in local areas, through thesis
work, in Coshocton, Stark, and Mahoning counties.

UPPER MERCER OR BIG RED BLOCK ORE'’
INTRODUCTION

“The limestone now bearing the name Upper Mercer was described
in 1858 by Rogers of the First Pennsylvania Survey as the Mahoning
from exposures along the Mahoning River near Newcastle in Lawrence
County, Pennsylvania . . . Twenty years later, or in 1878, the name was
changed by White to Upper Mercer as the bed was traced by him to
Mercer in Mercer County, the type locality for the underlying Lower Mer-
cer limestone. In Ohio the stratum was first designated by Orton in 1878
as the Gore limestone from exposures near Gore Furnace in Hocking
County. In 1884 the name used in Pennsylvania was adopted in Ohio.

“The Upper Mercer member, represented in some form, extends with
only local wants across the State from Columbiana and Mahoning counties
on the north to Scioto and Lawrence counties on the south. In the north-
ern part of the field in Columbiana, Mahoning, Stark, Wayne, Tuscarawas,
and Holmes counties, the horizon is marked largely by hard, blue lime-
stone with or without flint nodules. Locally, however, the deposits are

1Geol. Survey Ohin, Fourth Series, Bull. 31, pp. 142-143.
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s¢ flinty that the quantity of siliceous matter in them is greater than that
of the calcareous component. But little iron ore is found associated with
the limestone in this part of the field. In its extension southward into
the central part of the State in Coshocton, Muskingum, Licking, Perry,
and Hocking counties, the common material at this position in the geo-’
logical column is a black flint, overlain occasionally with irregular lenses
of gray flint or with thin deposits of iron ore. In southern Ohio in
Vinton, Jackson, Scioto, and Lawrence counties, this stratigraphic unit
is represented by iron ore with little or no flint or limestone. In general,
the Upper Mercer member where traced across the State thus changes
fiom hard, blue limestone to black flint and then to-iron ore.

“The Upper Mercer, the thickest and most persistent ore bed in the
Pottsville formation of southern Ohio, changes from a red or brownish
yellow limonite on the outcrop to a bluish-gray siderite under deep cover.
The bed is well stratified but is regularly broken by joint planes into
variously shaped blocks. For these reasons the ore was named by the
miners the Big Red Block. As it was the main reliance of Franklin Fur-
nace in Scioto County, it was called by Brown the Franklin Block ore.
The ore member is only sparingly fossiliferous.”

REGIONAL GEOLOGY
SCIOTO COUNTY *

“The Upper Mercer limestone is seldom present in Scioto County,
but the horizon is quite constantly marked by an iron ore which is known
as the Upper Mercer, Big Red Block, or Franklin. It was the main
reliance of Franklin Furnace, and was extensively used also at Junior
and Ohio furnaces. Further, it was used but to a more limited extent
by Scioto, Empire, Clinton, Howard, and Bloom furnaces. The Upper
Mercer ore is found in Green, Vernon, and eastern Bloom townships. . .
The average interval between the Lower Mercer and the Upper Mercer
ore is approximately 52 feet. It is about 30 feet above the Upper Mercer
or Webster Block coal and approximately 35 feet below the Brookville
coal, The mean interval from the Upper Mercer ore to the Ferriferous
ore is nearly 110 feet,

Green Tounship

“The Upper Mercer ore is much better developed in Green Township
than it is in either Vernon or Bloom, although in these it often has good
volume for a coal formation ore. This ore was regularly mined for many
years by drifting at Ohio Furnace by the Hanging Rock Iron Company,
although at present [1915] the mines are abandoned, owing to the influence
of the more avaijlable and somewhat richer Lake ores. - A section taken at

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 580-584.
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the mines of the above mentioned company, located one and one-half
miles north of Ohio Furnace, is given below:

. Ft, In.
Shale ..itiininiiiine e it e 2 0
Ore, upper block oo 7
Shale pper Mercerd oo . .
Ore, lower block Lo .. 11
Coal, dense, hard, Bedford ........ccoouriiiniiinainnaninnna. . 2

“The Upper Mercer ore in this locality is sparingly fossiliferous and
the lower part of the bed is quite calcareous also, often approaching lime-
stone in composition, and in fact the rock should be called a ferruginous
limestone. On the river hills, south of Ohio Furnace, John Norris reports
that the Upper Mercer ore is only from 4 to § inches in thickness andiis
unsteady. This is the condition of the ore where noted in the hills south
of Junior Furnace. North of this place, however, the ore has good volume
and continuity, and is reported to vary in thickness from 6 inches to 1 foot
8 inches. .

“The Upper Mercer ore is present only on the high knobs on the
main ridges from Franklin Furnace north to Pine Creek. From observa-
tions and reports the usual thickness of the bed is from 6 to 10 inches.
This ore has been mined rather extensively by stripping along Tick Ridge,
where it is stated to have excellent volume for a coal formation ore. On
the north end of Tick Ridge, on the property of J. D. Willis, the follow-
ing measurements were obtained :

Ft.  In.
Ore, Upper Mercer.......... tesassrsasaceansasass reresraties  es 7
L0« 25 0
Coal blossom, Upper Mercer.. ... ....ccviiiiiiniiuananiin. 1 0

Vernon Toumship

“Although the Upper Mercer ore is represented in most of Vernon
Township, it is best developed in local areas along Pine Creek, in the
eastern part. Next to the Ferriferous ore it was the main reliance for
the ore supply of the charcoal furnaces, Empire, Clinton, and Howard.
The interval from the Upper Mercer ore to other members is shown in
the following record, obtained along the road that leads from Poplar Fork
to Clinton Ridge, in Section 28:

Ft. In.
Limestone, Ferriferous ...........c..ooviuin. .. e, 2 0
Sandstone and covered ............ciiiiiriiiiaarani e, 34 0
Coal blossom, Brookville.......cooivrnenuneniininnnninnnns 1 0
Shale and covered. ... .ovuiniennrcivnnerenernineanninvonenns 32 0
Ore, Upper Mercer.......ououureiniieeiniiireiannnssivnesen .. 4
Shale and covered........cvviiiiiiiiereeeneaeiieiarernnnnanns 22 0
Coal, Upper Mercer.........ooiviiiii it 1 0



84 IRON-BEARING FORMATIONS

“The Upper Mercer ore has excellent volume on the land of T. Kern,
and on the adjoining properties in Section 23. The ore is reported to
have a thickness ranging from 1 to 3 feet, and it was formerly mined
by drifting. The Upper Mercer ore was also mined north of the village
of Lyra, along Pine Creek, but the bed is much thinner and quite unsteady.

Bloom Township

“The Upper Mercer ore is somewhat persistent in the eastern part of
Bloom Township, but the limestone is not well represented. The normal
volume of the ore is from 6 to 10 inches although at a few places it
expands to as much as 1 foot 6 inches. This ore was well liked by the
charcoal furnace operators, as it made a good grade of foundry iron;
hence it was mined by benching quite extensively. The only place in
Bloom Township that the Upper Mercer limestone was observed was at
the foot of the incline of the Morgan and Horton mines, in Section 5,
where the following composite section was measured:

Ore, Big Red Block or Upper Mercer...........coooci...
Limestone, Upper Mercer...........ccoueimiiinnnainnnnnans

Ft. In.
Limestone, Vanport ......c.ouueiiaiieiiiiiiiniireninnnnns 8 0
Coal and clod, Clarion. ........ooueeiueennnninannaann.. 4 0
Covered .....oiiiii it i, e 3l 0
Sandstone, shaly ..........coiiiiiiiiiiiiiiii e, 5 0
Shale, black ....ccoviiiiiiiiii i it b 0
Coal, somewhat bony, reported thlcknessl g .......... 1 6 -
Coal, good, reported thickness Bro"k‘”"") ......... 1 6
Covered ..ot e e e e e 4 0
Sandstone, massive, [Homewood]............................ 35 0
Covered ... ottt i e et e 4 6
5
8

“In Section 30, just west of the old stack of Bloom Furnace, the
record is as given below :

Ft.  In.
Coal blossom, Brookville............ccoeveveenniiiennen. T 0
Clay, plastiC ..oiieiiiiiiiierennrioreeoereeraeroneennanens 2 0
71 (3 O 4 0
SaNdStoNe ..ivevvinrieent ittt it 3 0
0 71 L3O Rt 12 0
Covered ..v.vveiineninrnrecneenaoreeasesesoneaassranccanenns 10 0
Ore, Big Red Block........uueeeeiiiiiiiiiiiiiiiiiiiianen.. 6

“On the land of Smith Hayward, in Section 35, the Upper Mercer
ore has good thickness, and is sparingly fossiliferous. The ore and other
members were well exposed ; hence the following measurements were ob-
tained :

Ft. In

Coal, Brookville .......... e teaerereereelaaeaseeeaaeaeanaaas 2 0
Covered ...ttt i i it e e e 18 0
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Ore, Big Red Block or Upper Mercer.. ..ol 1 6
L0 16 0
Ore, Sand Block. ..ooo i ereiierancercnnsrennenss 1 0
Shale ..oivviviiiiiiiiiiiinen, et e e 10 0
Coal, Webster Block or Upper Mercer.................. ... 1 6

“In Section 26, on the John Poetker land, the Upper Mercer ore has
good volume, as is shown in the record given below:

Ore, kidney, red §

e -
Ore, siliceous, gray lUi’Pef Mercer l : ¢

Economic Value

“In many places on the Upper Mercer horizon there are two ore
benches which differ in quality and in physical appearance. The upper
bench, usually thin, is much richer in iron than the lower bench, which
often has excellent volume. The following analyses, made by the writer
{Stout], are used through the courtesy of the Columbus Iron and Steel
Company. The partial analyses of the Upper Mercer ore from the out-
crop on the John Poetker land, are as given below:

No.1 No.2
Iron, Fe covrcimniiine i eeenarasenercenananneons 48.60 2495
Siliceous material ... .. ... i i 14.95 46.10

Sample No. 1—Analysis of upper 6 inches of deposit,
Sample No. 2—Analysis of entire 2 feet 2 inches of ore.

“The Upper Mercer ore, which was formerly mined by drifting, on
the Kern and McCallister properties, near Cornwall, south of Lyra, gave
the following results: Analyst W. Stout.

No.3 No.4
Iron, Fe .....ovcvvivnnnnnss e erer e et 42.35 28.40
Silica, S0 . ovvit i e s 21.15 3833
Lime, Cal . iivriiiiiiiiiiiiiieianiaciannnanenes trace e
Magnesia, MgO .....cviiniiriiiri i niaenes trace
Manganese, MO ...viiriinnniiiiiiieieeniiirinrcsenns 0.63
Phosphorus, P oot 0.203
Ignition loss ....oiiiniiiiiii i 11.60

Sample No. 3—Average sample of bed. Theodore Kern property, near Corn-
wall Station, Vernon Township. ’

Sample No. 4—Sample from outcrop. McCallister property. Same locality as
No. 3.

“An analysis [Stout] of the deposit, 1 foot 6 inches in thickness,
from the Smith Hayward land follows:
Natural Roasted
Iron, Fe o e e 34.65 46.14
Silica, SI0; vurierniiiii i e e 1596 2117
Alumina, ALOs ..o e 334 4.45
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Phosphorus, P ... i 0219 0292

Manganese, M ... ..ttt 0.57 0.76
Lime, CaQ ..ovviiriiiiiiiiiinnronrasssnsseonannsecnns 2.05 2.73
Magnesia, Mg ... ..o i 148 197
A T - P trace trace
Tenition 10ss ...viviiiuiiiiiiiiiiiien i 24.90

“The above sample, which was taken from an entry, and thus under
good cover, well represents the average composition of the ore.”

LAWRENCE COUNTY*

“The Upper Mercer ore was exposed [1916] only at a few places, but
the old benches from which it was taken can be followed for miles, as this
bed was largely worked by the charcoal furnaces along the Pine Creek Val-
ley, and along the Ohio River. The ore is above drainage in Hamilton, and
in the western parts of Upper, Elizabeth, Decatur, and Washington town-
ships. It goes under cover on Storms Creek, near the Kelly School, on
Little Storms Creek, near the Lagrange Furnace, on Little Pine Creek
near Lawrence Furnace, and on Pine Creek near the mouth of Youngs
Branch. The maximum thickness of the ore is 2 feet, but in many places
it is thin or wanting, as the ore has been replaced by sandstone. This ore
lies on the horizon of the Upper Mercer limestone, and when the limestone
is present the ore is found directly above it. In Lawrence County the
limestone is wanting, but the ore is quite persistent. The interval from
the Upper Mercer ore to the Ferriferous ore varies from 100 to 130 feet,
but the usual measurement is from 110 to 120 feet.

Upper Township

“The Upper Mercer or Block ore is present along the lower parts
of the valleys of Storms and Little Storms creeks. It was mined rather
extensively for the charcoal furnaces.- Just north of Ironton, in Kron-
nacker’s spring house, the ore has the following structure:

Ft. In
Sandstone, with finger coal at base................ ... ...... 3 0
Shale, with ore nodules............oviiiii i, 1 10
Ore, kidney, good ] e msen e e Ve 6
Ore, siliceous | UPperMercer 3 . SRDDRDRRR 16
Clay, soft, plastic.. ... ... e L1

“Along the lower) course of Storms Creek this ore was worked con-
siderably by stripping, and is reported to be from a few inches to 2 feet
in thickness. The quality of the ore is stated to be best when the bed is
thin. On Storms Creek it passes under cover just below the Kelly School,
and on Little Storms Creek it disappears from view near Lagrange Fur-
nace.

1Geol. Survey Ohio, Fourth Series, Bull, 20, pp. 297.805.
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Hamilton Township

“The outcrop of the Upper Mercer ore is readily traced on Osburn
Run by the old benches which extend along the hillsides. Near the school,
where the member was exposed along the bank of the stream, the ore
measured 10 inches, and had clay for the covering stratum. West of this
stream, on Norman Run, the ore, judging from the depth to which it was
mined by stripping, is also well developed. In this locality the ore is
reported to be from 6 inches to 1 foot 6 inches in thickness. The bed is
very persistent also west of this stream, where the following record was
measured in Section 3, on land of the Hanging Rock Iron Company :

. Ft. In.
Ore, Upper Mercer..........cooiiii e eaaiinreeannnn. .. 6
Sandstone, shaly ......ccciiiiiiiiiiniiiiiiiiiiiniiieiieaa, 4 0
Covered ...ttt i i i ettt i e, 8 0
3] 1T S 8 0
Coal, good ) [ 1 4
Clay, impure YUpper Mercer{.........c.cooiiviiiiiiiioiet 6
Coal, good | Lo 8

Elizabeth Touwnship

“The Upper Mercer ore was worked along the courses-of the streams
in the western part of Elizabeth Township where the bed has good con-
tinuity and volume. This ore constituted a part of the regular burden
for the charcoal furnaces Center, Lawrence, Pine Grove, and Union. In
this township, from measurements and reports, the ore varies in thickness
from 4 inches to 2 feet. The mean-thickness, however, is from 5 to 10
inches. On Little Pine Creek west of Lawrence Furnace the ore is re-
ported by Thomas Coyer to vary from a few inches to 2 feet in thickness.
Generally the roof is shale, but in some places it is a massive sandstone.
In some of the workings he reports the ore as follows:

Red ore, upper block......ocoviueiiiiiiiiiieiiiiiiiiia, 6 te 10 inches
Gray ore, lower block........coiiiiiiiiiiiiiiiiianene. 8 to 12 inches

“Near the pond at Lawrence Furnace the ore was exposed on the
outcrop and measured about 6 inches.

“North of Kelleys Mills along Pine Creek the Upper Mercer ore has
heen mined in many places On the Fred Smith farm the ore measured 6
inches in thickness, while north of this on Cooney Branch, it was 8 inches
thick where exposed along the banks of the stream. In both places the
ore was siliceous in character.

Decatur Township

“The Upper Mercer ore is found along Bear Run and along Pine
Creek, in the western part of Decatur Township. Here the bed is only

£
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moderately steady, as it is often replaced by thick sandstones. In this
tcwnship the member lies from 95 to 120 feet below the Vanport lime-
stone, and it has an average thickness not to exceed 6 inches.

Washington Tounship

“The charcoal furnaces in Washington Township obtained a small
quantity of ore from the Upper Mercer bed, which is present only along
the stream courses in the western part of the township. The ore is usually
_thin, and the member unsteady.

Economic Value

“Next to the Ferriferous the Upper Mercer was the most important
ore bed in Lawrence County in the days 6f the charcoal furnaces, but
at present it is not utilized. Under deep cover this ore is gray or bluish-
gray ferrous carbonate of the usual coal formation type, but where
weathered along the outcrop, or under shallow cover, it has been changed
from the carbonate to the oxide state. The charcoal furnaces were not
able to smelt successfully the carbonates. If used, these ores were first
roasted, which action expelled the carbon dioxide, and oxidized the iron
to the ferric state. Even then the blue and gray ores were not liked, for
often the calcined ore had unchanged cores, which were quite difficult to
smelt in the short stacks of the charcoal furnaces. The red and yellow
ores were also roasted before use. This was done, however, only to expel
the combined water, which left the ore open, or porous, thus allowing
the iron oxides to be reduced readily by the furnace gases. Owing to the
difficulty of mining these thin ore beds, and to the demand for only the
weathered material, the supply of ore for the charcoal furnaces was taken
from along the outcrop; hence the main bodies of ore remain untouched,
and may be of more importance in the future. The percentage of iron in
the weathered or oxide ore is greater than it is in the unweathered or
carbonate ore, but in either case the average content of metal is low. The
upper block of the Upper Mercer bed contains 4 higher percentage of iron
than the lower. This ore, mined near Ohio Furnace, and used for years
by the Hanging Rock Iron Company, was generally roasted before use.
Mr. W. M. Jefferys, superintendent of the furnace, reports the analysis of
the ore as follows:

Calculated

Calcined 1o rawore or

carbonate
Iron, Fe .o 38.04 2944
Silica, Si0s +iviiiiiii i i e e 28.85 22.33
Alumina, ALOs .ooniiniiiiiiii i 564 436
Lime, CaO0 ..coiiiiiiiiiiiiiiiiireaitenineennns 5.19 4.01
Magnesia, MgO ..... ... ... i 147 1.14

Sulphur, S ... ittt i e 89 .69
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Phosphorus, P ......coiiiiiiiiiiiiiiiiiit,
Manganese, Mn .......coiiiiiiiiiiiiiiiiiiiiiens
Ignition 1055 «.vvvievrirrinenniieeennnennanennnns

39

445
53
24.38

“An analysis of a leaner sample is given in Geological Survey of Ohio,
Volume V, page 1,110. Assuming this ore, in the raw state, to be a
blue carbonate, its calculated analysis would be approximately as shown

in the second column.

Calculated

Calcined to raw ore or

. carbonate
Iron, Fe .ottt iiiteeensanans 32.00 27.08
Silica, SiO; ...vvvieiiiiiiiannnnn e, 35.57 29.35
Alumina, AL:Os ... .ottt inniienannnn 6.10 5.04
Lime, €O «unneeee e 2.85 2.35
Magnesia, MgO ......cooiiiiiiiiiiiiiinnninann, 1.12 93
Sulphur, S ..ottt i, 93 7
Phosphorus, P ...oiviiiiiiiniiiiinniiiaieiiiaans .62 S5l
Manganese, Mn .....co0000venee Ceeeerieriaaenay 84 .70
Ignition 10SS ...cevvevviennrenncnneenreanoennanns 2.11 21.57
Water, HiO ...oiiiiiiiiiiiiiiiiiiiiiiiiiiiennnn, A48 cees

“The upper block of the Upper Mercer ore at many places is of good

quality. An analysis reported by the Hanging Rock Iron Company gave
the following results:

Calcined
ore
Iron, Fe .. ..iiiviviian... 45.90
Silica, SiO; ...ocvvviiiiiren.. 13.10
Alumina, AL.Os .............. 261
Lime, CaO .................. 15.55
Magnesia, MgO .............. 35
Sulphur, S ................... .39
Manganese, Mn .............. .538
Ignition loss ...........e..... 2.61
Water, H,O ................. a7

“Mr. E. B. Willard reports the analysis of the calcined ore from

the same locality from a large burnt kiln as follows:

Silica, SiO; - ....oviiiiinn... 21.98
Alumina, ALOs .............. 5.10
Lime, CaO ................... 482
Magnesia, MgO .............. 2.16
Iron—metallic, Fe ............ 42.13
Sulphur, S ................... .806

“The value of the Upper Mercer ore, compared to that of siliceous

Lake ores, determined by a method devised by the writer while at the
furnaces, shows that this ore is worthy of consideration for iron smelting
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in the modern blast furnaces.! The basis of comparison is on smelting
540 tons of ore per day with soft Pocahontas coke, and with limestone
for flux. The average analysis of this coke for a number of years, as
determined by the Columbus Iron & Steel Company, follows:

Ferrous oxide, FeO........... 117
Silica, Si0; «vvvvvneeiniinnnn. 235
Alumina, A1.Os .............. 1.66
Phosphorus, P" ............... 005
Lime, CaO .....coovvenna.... 41
Magnesia, MgO .............. 32
Sulphur, S ....covvvninnn..... .63
Volatile matter ..... tieeren, 1.0
Fixed carbon ................. 90.30
Moisture ........ovvvinnni.. 209

“The flux stone used is as follows:

Ferric oxide, Fe:Os............ 52
Silica, Si0; .evvverenvennnnn.. 230
Alumina, ALOs .............. 70
Phosphorus, P ............... 015
Calcium carbonate, CaCOs..... 90.16
Magnesium, MgCQOs .......... 5.90
Water, H,O ......... Creneans 12
Combined water, H,O......... .25

“In these comparisons 2 per cent silicon and 4 per cent total carbon
are figured to the iron. In ordinary practice about one-half the manga-
nese found in the burden goes to the iron, while the remainder is carried
out in the slag and this condition is used in the comparisons.

“The iron produced is made up of the following:

Total iron in burden of ore, stone and coke.
Total phosphorus in burden of ore, stone and coke.
One-half manganese in burden of ore, stone and coke.

The three above items equal 94 per cent of the total pig.

Silicon ......eelnn 2 per cent
Carbon ............ 4 per cent

Pig iron produced.. 100 per cent

In the slag the ratio of acids to bases is'held at 1:1, that is,

[CaO 1 .
MgO, when low | :. {Si0s ) A B |
MnO, when low | {ALOsf

. YThesis, Ohio State University, 1815, A Heat Balance Method of Iron Ore Comparison, by
Wilber Stout.
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“The heat units required for the reduction of the ore, breaking up
of stone, and slagging of the gangue of the ore and coke, together with the
heat lost in the process, and also heat produced by the burning of the
coke, are based on figures obtained from Richard’s calculations. The

80)

This ratio is easily reachzéd in practice.

“Col. H. A. Marting of Ironton reports as follows:

The freight rate on Lake Ores from the docks at Toledo or Cleveland
te. Ironton is go cents per ton of 2,240 Ibs. The average price of Poca-
hontas coke delivered at Ironton would be approximately $2.85 per ton
of 2,000 Ibs. This is taking the average price over a period of about
ten years.

The general over and above cost including the labor, taxes, insurance,
office expenses, maintenance of property, and cost of marketing, would
be somewhere in the neighborhood of $1.00 per ton of ore smelted. This
is on the basis of smelting approximately 540 tons of ore per day. The
cost of native limestone per ton of 2240 Ibs. is from 8o to 85 cents, de-
livered at Ironton.*

. “Mr. W. M. Jefferys of the Hanging Rock Iron Company reports
as follows:

Limestone, cost per gross ton at furnace, 85 cents. Average cost of
net tons of coke at furnace, $3.05. Freight on Lake ore, go cents per
gross ton. Over and above cost per ton of pig iron, including all Iabor and
repair costs, taxes, insurance, etc., would be $I.0936; cost of native ore
per gross ton delivered at furnace would be $1.92 for the ‘Limestone’ ore,
and $1.98 for the Block ore.?

Oglebay, Norton & Co. quote Empire ore for season of 1912 at lower
lake ports at $1.75 per ton.

Pickands, Mather & Co. quote Vivian for season of 1913 at lower
lake ports at $2.15 per ton. '

In these comparisons the following figures are used:

Over and above costs.....vounvenens. $1.00 and $1.0936 per ton of ore smelted
Block ore per gross ton............. 1.98
~ Empire ore per gross ton............ 1.75
Vivian ore per gross tofi............ 215
Coke per net ton.......coveeeennn.. 285 and $3.05
Stone per gross ton.......coceven.. 85
Freight on Lake ore per gross ton.... .90

“The common practice of the charcoal furnace operators where car-
bonate ores were used was first to calcine them, which action was an

- 1Personal letter, dated Feb, 26, 1913.
*Personal letter. dated Feb. 27, 1918,
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advantage, as the ores then reduced more readily in the short stacks. This
same practice was also followed where the ore was used in the large
coke furnaces. Mr. W. M. Jefferys reports, ‘We have not attempted to
use this ore in the natural state. It has always been calcined, but we
are of the opinion that it could be used in the natural state by crushing.’

“In the breaking up and in the reduction of the ores the following
heat units are required when the grams of the substances used are equal
to the molecular weights.

4FeCO; + (4x24,900 cal. = 99,600 cal.) =4FeO + 4COs
4FeO + (4x65,700 cal. = 262,800 cal.) = 2Fe. + 20

362,400 cal.

“Thus the total heat required to break up 4FeCo,, and then reduce

the 4FeO to 2Fe, is 362,400 calories, or the calories per unit of iron are
1,618.

“Where the carbonate is first roasted to the ferric oxide and then
reduced, the heat required is as follows:

4FeCO:+ (4 x 24,900 cal.== 99,600 cal.)=4FeO x 4CO.

4FeO+0, =2Fe:0:14 (2 x 64,200 cal.=128,400 cal.)
2F e:05+ (2 x 195,600 cal.—391,200 cal.)=—=2Fe,430:

Heat of reduction used = 490,800 calories.

Heat of oxidation given = 128,400 calories. .

Heat required = 362,400 calories.

“It is seen from these calculations that the heat energy required is
exactly the same. The results are different when the heat required to
smelt the raw carbonate is comparéed with that required to smelt the
calcined ore, as shown below: :

4 FeCOy requires 362,400 calories for its complete reduction, while
2 Fe,O, requires 391,200 calories for its complete reduction, or 28,800
calories more are required in the second case to produce 2Fe, than in the
first case. This is an excess of 129 calories per unit of iron, or 129 calories
more are required to reduce one unit of iron from the oxide than from
the carbonate, so that from this point of view there is no special economy
in roasting the ore.

“When charged into the blast furnace and reduced, other effects must
be considered also. The CO, produced carries out heat while the O,
given up by the iron oxide combines with the CO gas to form CO, with
evolution of heat. The temperature at which the gases leave the furnace
is ordinarily 200° C. The specific heat of CO, at this temperature is


http:2Fe.0.+(2x195,6.00
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.414. When the carbonate ore is charged into the furnace, the heat items
are as follows:

Heat used to break up 4FeCOs = 362,400 calories
Heat carried out by 4CQ: (176x200x.414) = 14,753 calories
Heat given by oxidation 4CO 20 =4C0: + (4x12x5,670) = 272,160 calories.
Heat carried out by 4CQ; (176x200x.414) = 14,753 calories
Heat used =2 391,906 calories.
Heat given = 272,160 calories
Heat required == 119,746 caldries

“This 119,746 calories must be furnished by the oxidation of C to CO
by air. '

1 unit C burned to CO gives 2,430 calories.

The gases produced carry out the following at 200° C.
7 7
~units CO =

3 5 x200x.3084 — 144 calories

3076 . 307.6 .
695 units Nj=— 593 x200x.9448 = 217 calories

Total Egl calories

Radiation losses are not considered in the above.
2,430 calories — 361 calories == 2,069 calories available heat.
119,746 = 58 units carbon

2,069

“So total carbon units required are 58 4 48 = 106, which must be
supplied by the coke. The units of iron reduced by 106 umits of carbon
are 224, or the carbon per unit iron is .473.

When calcined ore is charged the items are as follows:
Heat units required to break up 2Fe,0s == 391,200 calories
Heat given by oxidation 6CO 4 30, = 6CQO: (6x12x5,670 = 408,240 calories.
Heat carried out by 6CO, (264x200x.414) — 21,859 calories
Heat used  =413,059 calories
Heat given = 408,240 calories
Heat required == 4,819 calories

“The 4,819 calories yet required must be supplied by the oxidation
of C to CO by air, which gives 2,069 calories per unit C. The equation
follows: .
4,819
e 72 2+ units C
2,069

“Total units carbon required are 72 4- 2=174, 50 in this case 224
units iron are reduced by 74 units carbon or carbon per unit iron is .330.
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The ditference in carbon per unit between using the raw and calcined
ore is .473— .330==.143, or 14.3 per cent of the weight of the iron.
This saving of carbon will justify the calcining of the carbonates espe-
cially where it can be done with cheap fuel.

“The calcining of ore is also expensive for several reasons. The
ore is handled once or twice more than if used raw, and while low grade
fuels are generally used, these must be given a value. Considerable ore
“is lost in dust that results from the extra handling and calcination. Some
of the ash from the fuel used is mixed with the calcined ore, thus in-
creasing the gangue to be fluxed in the furnace.

“There are also several points against using the raw carbonate. In a
normal working furnace the Fe,O; is reduced to spongy metallic iron
near the top. The FeCO, is broken up and reduced several feet lower
or close to where the slag zone begins. The carbonates are dense; hence
their impervious character retards greatly the reducing action of the gases,
as the CO, must first be expelled and then the FeO reduced. If the ore
is added in large pieces before this breaking up and reduction is complete,
it may be carried far down into the slag zone, which generally causes
trouble. If the ore is crushed to small pieces, the breaking up and reduc-
tion will take place in the proper zone. Magnetites for years were held
in disfavor, as the furnace managers were trying to use them in too
large pieces, but at present they are crushed and work very satisfactorily.
The carbonates, if used raw, should also be prepared by crushing before
use.

“In a measure the capacity of a furnace is limited ; that is, the amount
ot stock which can be charged per day. The carbonate and oxide ores
compare in weight as follows: ’

2FeCOs =232; or ore per unit iron =2.07
Fe.Os =160; or ore per unit iron = 143

“From the above it follows that, if carbonate alone were charged,
the tonnage of iron produced from the furnace would be much less than
where oxides alone are charged. In the table where the two are compared
in this way, it shows that 3,080 lbs. of coke are required to smelt 2,268
lbs. of iron from the carbonate and only 2,584 lbs. of coke for the iron
from the oxides., The difference is due to the capacity of the furnace
ard to the low yield of iron when the carbonate is used, as in both cases
540 tons ore were charged.

“These siliceous carbonate ores give a low yield of metal, but they
may be utilized to good advantage to bring the silica in the burden up
to the quantity required. Their value is considerably increased if the ore
is calcined before use. On the whole, the Upper Mercer ore of Lawrence
County is equally as valuable as the siliceous Lake ores. It belongs to
the class of ores adapted for the smelting of foundry iron. The member
is well worthy of consideration as a mineral asset of the county and is
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of interest also in connection with the early history of iron making in
the Hanging Rock Iron Region.”

JACKSON COUNTY?

“The Upper Mercer limestone is seldom present in Jackson County,
but the ore, except where replaced by the heavy sandstone, is quite
persistent. . . . The horizon is found near the summits of the hills
and ridges in the eastern parts of Hamilton and Scioto townships, and
owing to the dip eastward it goes under cover in the eastern parts of
Jefferson and Franklin townships. It is found in the eastern halves of
Lick, Washington, and Coal townships, and, extending eastward, it goes
below drainage in northern Bloomfield and eastern Milton along the
courses of Little Raccoon Creek and its tributaries.

The relation of the Upper Mercer ore to other members and the
average intervals separating them are given in the following general
section for Jackson County:

Ft. In
Flint and ore, Zaleski flint horizon. ... ..o ivreiininionnnnann 1 0
Shales and sandstones ..........vveevrenrreneecenrnarnnnns L2 0
Coal, Brookuville ... i inrarcanenaarerinnss 2 0
Shales and sandstones ............vevvincnrnnnccreraneenonas 27 6
Ore, Upper Mercer ......ovivvivevennns e tranee e, .. 6
Shales and sandstones .. .........vovvveereencrnnnnnanncannns 14 8
Ore, Sand Block ...opeuiiiiiiiniiiiniittaiain e .. A
Shales and sandstones .............c.vveveveinnnn i 8 6
Coal, Upper Mercer, No. 30....c.ocieeenersinnnernnarnanans 1 6
Shales and sandstones .........cciiiuiinnrcriiarrencnnanes 18 0
Ore, Lower Mercer ......c.ovveniinisseiasasnssessassonesss . 4
Shale and sandstone ......c.oceiviiiiiinenncennnccanersoceen 7 8
Limestone, Lower Mercer ............. e eareeenaaaaaan 1 0

Homilton Township

“In Section 35, Hamilton Township, on the land of Henry Comer, the
position of the Upper Mercer ore with reference to other members is
shown in the following record:

Ft.  In.
Shales oot e et ..
Coal blossom, Brooktille ... e iiirieariennnn 1 ]
L0 Y O 0
Ore, Upper Mercer ..oooinerennreinernnancncresssansennes .. 6
Covered ......... ereens eieieearaaan DU  { 0
Ore, Sand Block ... cvviivuiriateesnroeennerersrseriessnnns .. 3
Covered ....c.covvvvvnnnnn ceeianen et aeeaaaraeen 45 0
Ore, Boggs ..onviireiiiit e 2

1Geol, Survey Ohio, Fourth Series, Bull. 20, pp. 160-169,
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“On the land of Joseph Woods, in Section 24, in the eastern part of
Hamilton Township, the measurements were as follows:

Ore, Upper Mercer .......ooueeimiiiiii i, .. 4
(000 - 13 0
Ore, Sand Block ......ovvviiiii e .. 4
Covered o oit i e e 27 0
Ore, Lower Mercer ..........uuumeeiieniineeeaeeinninnens 1

Jefferson Township

“The intervals from the Upper Mercer ore to other important mem-
bers are given in the following section taken along the road just south of
the Mound School, in sections 19 and 20:

Ft. In.
Sandstone, massive ....... e e ee et e i 15 0
Shales and covered ........coovviiiiiiiniiii e 21 0
Shale, dark, Brookwville coal horizon ...............covuee... 3 0
Sandstone, massive ........ccvieeiiiiiineieiaii i 32 6
Ore, Upper Mervcer .......co.nnuvneiieiiiiiinannnnn.. .. 6
Sandstone, Massive ......ccviieiiirieinireiniieireiiieiaa., 20 0
Coal blossom, Upper Mercer ..........covvniuiinneniinnann.. 1 0
L0 3 0
Sandstone, mMassive .........ccevviiiiiiirreerreeiaiiaaanaa. 13 0
Ore, Lower Mercer, old bench level ........................ e .. ..
Sandstone and covered .............iiieiiinn.... eree e 17 0

“In Section 5, on the land of John H. Horton, the Upper Mercer ore
was being mined, [1916], and the thickness of the bed was 10 inches.
On the land of Evan Jenkins, Section 3, where the ore was also being
mined, the following relations were noted:

Ft. In.
Sandy clay and argillaceous sandstone ....................... 3 0
1 1 N 3 0
[0 S 4
Sandstone ) I (O 1
Ore } Upper Mercer{ .........oooiivviiiiial 2
Sandstone, cherty] | T PP 1
Coal, Bedford .......oooviueieinneeareeaniernenaseenneananns .. 1
L00 £« A N 13 3
1) 11 (A 4 0
Ore, Sand Block ..o iiiiiiieiiierrnannnnnns .. 6
Shale, blue, tough .c.vveveiiiiiiiiieriierivirctnnneeinannn, 6 0
Coal, Upper Mercer ........ciuviiiiinanniieeeeennnnuaennnns 1 2
00

“South of the above along Black Fork and along the lower course
of Hewitt Run, while the horizon is above drainage, the ore is wanting
or is replaced by heavy sandstones. '
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Scioto Township

“In Section 36, Scioto Township, on the Anson Scurlock property,

the Upper Mercer ore was being mined [1916] by stripping where it was
g inches thick. The upper part of a measurement on land of Andrew
Yinger, in Section 13, shows the Upper Mercer ore and its relation to
nther strata:

Ft. In,
Shale ... i it e 8 0
Ore, Upper Mercer, fossiliferous ..o, .. 5
SaANASIONE .ottt iit e i st e 8
10017 . 8
Shale and covered .......... e eiseerecaa e, 22 .
Coal, Upper Mercer ...oourv it iaianvernarnsiaroannse, 1 .
Shale and covered ..ottt e e 12 .
Coal DloSSOM L.ttt ittt ettnetaaan e, .. 5
Clay shales .. . i i e 1 9
Ore, Lower Mercer, fossiliferous ..........cociviiiiiiiinn, . 3
Coal BloSSOM «.ivivereinrer i nr e it iarmenataaraneenns 1

Franklin Township

“In Section 31, Franklin Township, on land of Edward Gahm and

P. E. Lanhart, the ore measured 8 inches, but is reported to be 2 feet in
local areas. In Section 30, on the property of Alexander Jones, the
thickness of the ore seen was 8 inches. The Upper Mercer ore, varying
in thickness from 4 to 8 inches, was seen at a number of places in sections
32, 33, and 34. A composite section on the land of Everett Rice, in Sec-
tion 8, shows the ore and other members:

.

Ft. In.
Ore, Upper Mercer ..o onnnn it iieeiiaininsnen . 8
(00537 ¢ O 12 ..
Ore, Sand Block ..ot ittt e eiaaranns e 3
Covered ... v 435 0
Ore, Lower Mercer ... ouieieiieiiissereeeanniinnrsons . 4
Covered . .ooiiiiet i e e DU 82 0
Shale, Bray .....oviiriiierineiarietieneeaeaiearearaennn. 14 0
Shales, dark blue, sandy ....covvvriiniiniiii i, 4 0
Coal, Vandusen .. ... vrveirriniin et iiii cniisnnne, . 10
Shale, carbonaceous .......coiiiiniir i 1 0
L0011 T (O P 2 0
SaNdStONe ..ttt i e e eaa s 10 0

“The Upper Mercer ore was also seen at several places in Section 7,

where it has about the same thickness as in the above section, and has
been worked for the Jackson furnaces. A composite section taken along
the ridge near the home of W. L. Brown, Section 3. shows the following
relations :

Ft. In
Limestone, Vanport .. ... . couiiui i i .. ..
Covered ..ottt e 42 0
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Ore, Zaleski flint horizon ............ .. .ot .. 1
L0 - 13 0
Ore, Upper Mercer .......oovneeenniieainananiiannnaainns .. 3
(00 ) -« 78 0
Coal, cannel] fii e 8
Shale 1Lower Mercer ......ooinm i, 6
Coal, cannel| i ................................. 10

Lick Township

“The Upper Mercer ore has been mined by benching along the outcrop
quite extensively in the eastern part of Lick Township. It has good thick-
ness and is rather persistent. In Section 26, on land of Harrison Kes-
inger, the measurements which follow were taken:

Ft. In.
Ore, Zalesks flint horizon, reported thickness ................. .. 6
(000373 = J 58 0
‘Ore, Upper Mercer ..........cccoinvvninann .. e, .. 4
(070373 1« 15 0
Sandstone, shaly .........coiiiiiiiiiiiiii i 8 0
Coal, Upper Mercer .....coouviiiiiinineiiaeaneananannnns 1 8
Covered ...ttt e e

“A composite section on the property of Michael Radcliff, in Section
23, shows the relation of several members as follows:

Ft. In.
Limestone, Vanport, weathered blocks on summit of knob...... . ..
Covered v.veie i e e e 2 0
Coal, Winters, reported thickness ............................ 1 8
(00 2 P 15 0
Ore, Zalesks, flint horizon .............cevvviiiiiaaeannann, .. 1
Covered ..vienrntiiaiiiiii e e 40 8
Coal, reported thickness, Brookville .......................... 1 1
Covered . oiviiii it i i e it e e 10 0
Ore, Upper Mercer .......oouenineiinaiiiiieeannnnaann, .. 4
Covered ..o.oiiitiiii i e et 20 8
Coal, Upper Mercér ........ouiiiieiiiiiiiiiiennnennnnns 1 0
L0 - 48 0
Coal, Lower Mercer, cannel, reported thickness............... 1 3

“In Section 22, on land of Madison Wykle, the rocks measured as
follows:

Ft. In.
Ore, Zalesks flint horizon ...............ccoiiiiiiiiennann... .. 6
(070 Ot 48 0
Ore, Upper Mercer ........couuiiiieaiineiiiinienanannnn, .. 5
Covered ..oveiiiiiiii i e i e 25 0
SANASIONE - t.vvvvveriineierirererenentiar et aenaeaneas 8 0
ShalE tiiieii i i e e et 1 6
Coal ) [ 5
Clay YUpper Mercer{........................ et .. 2
Coal | Lo 1 5
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(00373 - 36 0
Coal, Lower Mercer, cannel nature............ccovvevinnnnnnn. .. 3

“In Section 14, on land of George B. Wykle, a section showing the
important members from the ore on the Zaleski flint horizon to the Lower
Mercer limestone was obtained. The section following thus defines the
position of the Upper Mercer ore:

Ft.  In.
Sandstone, Clarion .......cocueeiiieriiroenrereneeeronraconns 15 0
Ore, Zalesks flint horizon .....vvvevvieneereneennnneennnnennn .. 6
Covered .....civiivirnniinnenensasssnnans Cersetanee s 15 0
Sandstone, calcareous, fossiliferous, Putnam Hill............. 1 0
Covered . .oiuiiiiiiiiiitiiietien ittt et 3 0
Coal blossom, Brookville .......ooooiiiiiiinneieninnnanans P | 0
Clay, Hght ..oinriiiiiiiii ittt eeriirenrnnraaneenanas 7 0
Shale ittt e et it e e aeae e 4 0
SANASEONE 4uueerernenrarencranneneeniereneeeneensennseneens 9 0
Coal blossom, THonesta ..........vuivirieiennneneennenneanns 1 0
Clay, sandy, bluish- ...oveveennriirennrnereeennrenreeeanenns 2 0
Shale, SaNAY «eeeeerrrennteeestenritrerssrearetosocrananenss 5 0
Ore, Upper Mercer ........cccvviiiiiieinmaiiintienannnnnsean 2
Coal stain, Bedford .....coooviiiiiiiereeneieinneennnenennns .. 1
Clay, light, sandy ..........c.viiiteiveesnnnnirecsesnenannn 1 11
CaNdStONE tuvvereriiiireei e eeerae e e 8 8
Covered +voviiineireriieetenseinacstcrirsasnerteteioanannans 5 0
Ore, kidney, Sand Block ........c.ciiiiiiiiirennreneanannss .. 2
Shale ..viveeeiooseasueessnseenooaeosesssnenssnassosaesonnan 6 8
Coal, Upper Mercer .....c.ueiuiiineniiineeiinnseasaseeanns 1 1
Clay, 000 ..ounereiiinneeereesnrrenreosoneanesessonrenesans 3 0
Shale .......c.... e s esesesitatetcecsannsestecsactnoantanann 9 11
{75 | .. 4
Clay shale ...coivvinriienninnennecanenoennennns e 2 8
Sandstone .......iiiiiiiiiiiiiiiiettiesiiiesennerians Ceveaan 3 0
3 1Y (- 3 0
Coal o e 9 .
Clay shale c...oviiiiiiieniiieereennanenneteaeenanennnnanennn 2 0
LS - 5 3
Limestone, Lower Mercer, fossiliferous ...................... 1 0

Coal Toumship

“The Upper Mercer ore continues northward across Coal and Wash-
ington townships into Vinton County. A representative section showing
the Upper Mercer ore and its stratigraphic position with reference to the
Brookville and Upper Mercer coals and the ore on the Zaleski horizon,
was outlined on land of G. N. House, in Section 3, Coal Township. The
rocks exposed and measured follow:

L0 = 15 0
Ore, Zaleski flint horizon .............oiiiiiieninnninnn.n. .. 8
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Covered .vvvvrieriinai e PO 230
Sandstone, shaly, calcareous, very fossili‘erousl J.. 4 0
Shale, sandy, very fossiliferous [ Putnam Hill].. 1 3
Shale, dark, very fossiliferous ] |- 4
Coal ] [eovei 1 2
Clay shale, with thin coal bands | Joveeee s 6
Coal }Brooki'ille i, e 5
Clay, dark | [, 11
Coal ] Loerrerrnn .. 10
Clay shale, dark .......cc.oiiiirniniiiiiii i ii e iiiinaieennn 1 6
CoVered ..vvvennnereeneenneeeeneaanneeseesenanennnnnnnen 14 0
Ore, Upper Mercer ........oooniiniiieiiiii i, .. 4
Sandstone, shaly ........coiiiiiiiiiiiiiniiiiiiiiiiiiineiann 26 ¢
I 71 (G PPt 2 10
Coal, Upper Mercer .......c.cvuuiviieiiiniiiiiiiininnnnnns 1 2
Covered ..oevviiiiiieinieiinaerenioinnns it aaan

“Along the road south of the abandoned Superior No. 2 mine, in
Section 35, the measurement obtained shows the interval from the Upper
Mercer ore to the Lower Mercer ore and limestone below. The following
rocks were measured :

Ft.  In.
Ore, Upper Mercer, thickness reported....................... . 5
Covered ..ovveeiiiii e e i et 35 0
Ore, sandy, Lower Mercer ..........cooveiieeiiiniennannnnnn .. 1
Clay shales, light ... ... ittt ianns 1 8
Shales and covered ............ciiivinirrereronannnnaecanns 16 0
Limestone, Lower Mercer .........coouuviiieinneeinauncnens 1 0

Washington Touwnship

“On the land of W. R. Hamilton, Section 27, Washington Township,
~ the ores have been mined by stripping. The section obtained shows the
general relation of the Upper and lLower Mercer ores, and is given
below :

Ft.  In.
Ore, Upper Mercer ......oueneonniini i iaiainnainnnns .. 4
Sandstone and covered ............ e 10 0
(0007 ¢ A A 20 0
Coal blossom, Upper Mercer .......coevnvnneinniiiiininnnnnnn 1 0
Clay and-covered .....cecevieiinremeennanannnneeoeannsnnnn 7 0
Sandstone and covered .......... it 10 0
Ore, Lower Mercer, fossiliferous ........coooiioi i in.. 6

Milton Township

“In Milton Township the Upper Mercer ore was mined by benching,
first for the charcoal furnaces, and later for the modern coke furnaces.
It is mined at present [1916] in a desultory way, but the amount pro-
duced is trifling. The section taken at the mine of the Wellston Colliery
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Coumpany, in Section 5, Milton Township, shows the position of the Upper
Mercer ore with reference to the Vanport limestone above and the Lower
Mercer ore and Quakertown coal below. The section measured is as
follows:

Ft. In.
Limestone, Vanport ........coveviiiiiiirninniainanans .. 3 0
[0 3 =T [ P 62 0
Ore, Upper Mercer ..........coiiniiiiireeeenaiinneeaannnn-. .. 6
Covered .......ccvvnnunnn P PP R 55 0
Ore, Lower Mercer ................ e eeitiacaiteteecaaneans . 4
Shale it e i i i it i teetei et eae e 2 0
Sandstone, ferruginous ..........oveeriierrinreianrrrennnenns 1 0.
Covered ..uivinienir it iiiitiinerittetttettanaestotaraanerans 29 0
Top™of shaft ...ttt it iiiiirianenannnens .. ..
Interval ... . ittt i ieeittaasaeriaaaaaaann 78 0
Coal, Quakertoun ....... e eeeeecetetnatsaianeeartanavanennn 2 6

“The following composite section taken at the mine of the Elk Fork
Coal Company, in Section 3, shows the Upper Mercer ore and other
important members:

. Ft. In.
Coal blossom, Brookuville ........ccciiiiiiiiieriiveneeeinnnnn. .. 6
Clay, upper part dark ....ccoiviuiiiiiiiinernnncreotenennnnens 4 0
Covered .....iiiiiiieiittiere it eiearttereraaa e 2 0
Sandstone . ...iiiiiiiiiii et et it e 4 6
(003 o« 3 0
BT o1 £ o V- A 5 0
Ore, Upper Mercer .....covveinininiiiiiininiiinaiannnan. .. 4
Shales ...ceovveeeinnnnen e eeastetttetiaeneanesetearenensans 9 2
Coal, Upper Mercer ........ccovierieeeneererrrincnenacenann 1 6
Sandstone, shaly ......ccioiiiiiiiiiiiii i e 5 0
Top of shaft ...voiiieiiiiiiii i it i ciieiiiasennnn . .
Sandstone and covered ..........c.iiiiiieriiiiiiiiiaeennaan. 25 0
Limestone, Lower Mercer ..........ceveeueieiiieinnnnnnnns 1 0

“The Upper Mercer ore is exposed along the small stream east of
Mulga, in Section 3, and on the hills east of this, on the land of the
Superior Colliery Company, in Section 2, the Clarion coal was opened.
In Section 8, the measurements taken from the hollow near the abandoned
[1916] Superior No. 6 mine to the hill west on land of George Woodrow,
show the Upper Mercer ore, the Clarion coal, and the Lower Mercer
limestone. The record is given below:

Ft. In.
Coal ] [ceer 1 2
Clay and bone coal] [...c..ccoiiveiiiiiiiiiiiian.., .. 8
Coal }Clan'on J ............................... 1 0
Clay-sulphur band | l ............................... 1
Coal I P 1 0
L0 T« O 51 0
Coal blossom, Brookville .........c.oovviniiiiininnnninnnan. 1 0
Covered ......ccvvviiiininnnennnnn. v e v rh et 31 0
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Ore, Upper Mercer .....c.coveiiuinriiiiiniieiacnricnnencanns .- 4
Covered .....covvvennnnnne Veeeescstsansnsnaan etrerteannara, 35 0
Shale, part sandy .....cceveeenccecacnnns Ceeestteasarenacanes 16 0
Covered ........ R ) 0
Limestone, Lower Mercer ..... e eteeearereneeraaraerreanan oo 10

“The Upper Mercer ore here varies from 4 to 8 inches in thickness
and has been mined by stripping. Along Mulga Run in Section 10, the
ore has been mined, and the following section, taken on land of the Su-
perior Colliery Company, shows the position of the ore and other im-
portant members:

Ft. In.
Sandstone, with finger coal, ClarSon horizon .................. 1 0
Sandstone, shaly and covered .........ccviniieiiiaiiiennnnns 29 0
Coal bony, cannel, Brookuville ........... Ceerrecnaretnnaenensy 1 0
Sandstone and covered ......ceieirtrcnenrriineiiiiciinraanns 27 0
Ore, Upper Mercer ........ et seseerenettetetatearteananann .. 6
Shale ..cveevevonnense teeertieteanns eeeteeaeeteraeear s 12 0
Coal, Upper Mercer ....eceeveeeeseenessanesncsssorsonscnans 1 6

“The ore where exposed along Mulga Run varies from 4 to 10
inches in thickness, but averages about 5 or 6 inches. The ore was ex-
posed in the road near the bridge that crosses Little Raccoon Creek, in .
Section 15, and the rocks measured at this place are given below:

Ft. In.

Ore, Upper Mercer ............ Ceteiraarreseainanen freneasen .. 4
Shale ...... cesresas veessane Ceeeteesacntienaanns ettt 3 0
Coal blossom]  [.eviiimeiniiiiiiiiiiiniiiiiinens . 2
Clay shale 1Bedfoﬂi e 6
Coal blossom | .. 2
T Clay Shale ..eeeenreierriiieiieaactienattattataenarariaasas 1 0
Shale, gray, sandy ....ccoceeieeniiineioieneinnoereniieannnns 6 6
Ore, Sand Block .......ononeinei it iiiiiaanaen, 4
Sandstone, ferruginous ........cceiiiiiiiiiiiiiiiiiiiiiia. 1 0
Shale, carbonaceous, fissile, Upper Mercer coal horizon........ 2 0

“The Upper Mercer ore and the associated strata were exposed on
the land of R. A. Fitzpatrick, east of Little Raccoon Creek, and in Section
16 along the road north of Middletown. Near Hogansville along the
road between sections 18 and 19, the Upper Mercer ore and the Lower
Mercer and Vanport limestones were exposed and measured. The record
follows:

Limestone, flinty, Vanport ............cociiiiiiiieiiiinan.. 3 0
Shale, black, fissile .....ccieiveneiinnnniriiniiiniaaan.s 2 0
Coal ] P 1 2
Coal, bony| | R et e, veee e 4
Clay Clarion |.....c.ooiiiieiiiiiii i .. 6
Coal J oo e s 1 5
Clay f oo .. 1
Coal e 1 0
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Clay and covered ......cciviriinreeeireionneerescennnsnnones 13 0
SaNdStONE .v..vviiinnriiiiitiatt e ettt aaen 9 0
Covered ...veveceneenncenanncannan e reerariseaaaaaas ... 10 0
Sandstone, SOft «.cevuiiiiiiiriiiriaiiiiiiiieiiiiiiiienane. 12 v
Shale +evieernnneneeeerernenranreecsonennsasssnessaonancnnss 1 6
Ore, Upper Mercer .......couviniiiiiiuinannuienneiasesenan. . 3
Clay, Hght .evvenrniiiei e iiiieiieteeeneencneesannracnennn 1 3
SandStONe . .viunnriiieitaiertiaiiaatartresaaartraeeteaanin 1 0
COVErEA .veuiinennrecrenreassonsoeasoesesanssosssacsarsnase 5 0
Ore, Sand Bloclz ........................................... 4
Sandstone, ferruginous ..........cciieiiiiiiiiiiiiiiiiinea, .. 8
Sandstone, SOft .......ciiiiiiiiiiiiiiiiertieenerinetananns. 10 0
Covered ....cvevviievnnncnncanns e tteacttesteiteneireeneaas 5 0
SaNASLONE +vvevevencrasnrceresiaestaessnronsonssussassanns 11 0
Clay, light ..oiviiieiiinnariannes Nveedeetartteaaee aanaaaann 2 0
Sandstone, shaly ....cocvviveiinriiinreninnens eveoennnnnaaa 3 0
Sandstone, coarse-grained .............iiiiiiiiiiiiiiiieiian, 5 6
Shale ...iiiiiniiiiiiniiiiiiiaen, B S | 6
Limestone, Lower Mercer ......c..vvvuevrriesennnnnnsocnann 1 0

“Along the road just below the mouth of Coal Run, in Section 23, the
Upper Mercer ore was exposed, and on the hill nearby the cannel coal
was formerly mined. The following rocks and intervals were recorded:

n.
Coal, cannel, Brookville, thickness reported................... 2 0
Sandstone and covered ......... Creeeaisietaeeraeitant s 32 0
Sandstone, coarse-grained ...........cc000000n e eeeeaeeeeaaae, 2 0
Shale, gray ....c.ociveiniiiriiiianincrnneescsssenaiancannss 3 0
Ore, Upper Mercer .....ovoreeeerioeeeernesanctrannsecens 4

“The Upper Mercer ore goes below drainage in the Little Raccoon
Valley, in the southern part of Section 23, but it is exposed along the
headwaters of Flint and Tarcamp runs.

Bloomfield Township

“Along the headwaters of Dickason Run, especially in the vicinity

- of Ridgeland, in Bloomfield Township, the Upper Mercer ore is again

above drainage. It was mined by stripping here during the days of the
charcoal furnaces, but the bed is not as thick or persistent as the ore
on the Zaleski flint horizon.

Economic Value of Upper Mercer Ore tn Jackson County?!

“Next to the Ferriferous, the Upper Mercer ore was the main reliance
for the ore supply of the charcoal furnaces. For the coke furnaces it
ncw [1916] stands third, ranking: below the Jackson Sand Block ore and
the Ferriferous. The thickness of the deposit varies from a few inches

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 170-171.
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to about 2 feet, but that usually observed is from 5 to 10 inches. Under
heavy cover the oye is a ferrous carbonate, the usual coal formation type,
but along the outcrop it is a ferric oxide with more or less combined
water. The carbonate ore was not desired for charcoal furnace use,
and even the gray or partially weathered material was often condemned.
On this account, and owing to the ease of mining, the stratum was worked
only along the outcrop or under shallow cover: hence the main ore body
yet remains in the hills. The mining at present [1916] is done by stripping
with pick and shovel, with plow and scraper, or, where the strata above
are hard shales and sandstones, with explosives and scraper. No drift
mines are operated [1916] in Jackson County for the Upper Mercer ore.

“The iron content of the ore compares favorably to that of the sili-
ceous Lake ores, while the phosphorus and manganese are well propor-
tioned for foundry pig. The general character of the Upper Mercer ore
is shown by the following analysis, kindly furnished by the Jackson Iron
and Steel Company:

Iron, Fe ........ e eranre bt 41.14 per cent
Phosphorus, P ...cieiiiiiiiniiiiiniiiiiininnnianae 0344 « “
Silica, Si0s v.covnvviivnanns Ceresarasenssaea e R 78 {1
Aluming, AsOb cvvrvvinniiiiiiiiiiicnaeaaen cereeaas 492 « =
Manganese, MR ......ioniiiinriirareinrssonerancnsins 678 = -
Lime, CaO ...... N veaees None
Magnesia, MEO ..i.iureiiinniiriienterrrnnraorrsanies None

Moisture, H:0- .......... bt aaaaes e 680 =« -

“The Star Furnace Company reports the Upper Mercer ore, which
is mined on the Scurlock property south of Jackson, to contain from
5I.I0 to 54.30 per cent of iron. An analysis of the Upper Mercer ore
from the vicinity of Jackson is as follows:*

SPecific Bravity ....evevriseianentiriiaeniiriaeaienaiaiiaaaainas 2,774
Combined water ................. e reemeeea et e 11.30
Siliceotts matter .....cvviciriernerrans e aearea ety 9.16
Sesquioxide 0f IO «ovivrireeiiininiiiire i iiaaaeiiienas 74.63
AUMINA  ovvviiiireeraeianennnnearostoancscrtnnasmsantanaranann 120
Manganese OXIde «..cioviiiineirnineransirriiireniireieaeasnnnss 1.15
Carbonate of IMe .. .oviiiiviainiinonrnniscnncsnsssnneaninocines 0.52
Carbonate of MAZNESIA <o vvveraracvnnarveeeroasceresescvnnerenns 0.76
Phosphoric acid ...oevnveiriinieneirimniiriireiinrsrnniranaians 0.83
Sulphur ...ocoivinirenenns i e e e e e, trace

Tl v eier ittt et e e 99.55
Iron, Fe «oovvvivininninnnnnnn et et e et e, 52.24
Phosphorus, P cevvvnriiininnearienn.s e 0.362
Manganese, Mn ... ....... ..ol N 0.73

1Geol. Survey Ohio, Report of Progress, 1870, p. 150,
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“The ore smelts easily as the structure is porous, thus allowing the
reducing gases to permeate the mass. Even when smelted in the coke
furnaces the iron carbonizes somewhat similarly to that made by the old
charcoal furnaces. The iron is soft and tough, hence it is a standard
iron for all foundry work. When all points are considered, these ores
surpass the siliceous Lake ores in value, and should be more extensively
used.”

VINTON COUNTY*

“The Upper Mercer is the most persistent and widely distributed ore
in Vinton County and during the days of the charcoal furnaces it was
more extensively mined than any of the other beds. It is present with
some wants in northwestern Madison, western Brown, Swan, eastern
Jackson, eastern Richland, Elk, and western Clinton townships. Flint
or limestone accompanies the ore in a few places. The position of the
member is, on the average, about 40 feet above the Lower Mercer lime-
stone, 31 feet below the Putnam Hill limestone, and 54 feet below the
Zaleski black flint, which are the main benches for reference. Consid-
erable variations and irregularities, however, are found locally in these
intervals. From more than 50 measurements, the mean thickness of the
bed is 7 inches, the minimum 1 inch, and the maximum 3 feet 7 inches.,
Generally the ore is present in a single bed but locally it may be’divided
into two, three, or even more distinct strata, varying in both composition
and texture.

Brown Township

“Along Raccoon Creek and Twomile Run in northwestern Brown
Township, the Upper Mercer member is generally thin and in many locali-
ties it is wanting. Such deposits were mined in but few places.

Madison Township

“The Upper Mercer is due close to drainage level along Raccoon
Creek near Zaleski and along Strong Run in northeastern Section 36.
Near the forks of the hollow in the latter area this limestone and ore
were exposed in the stream bed. The record secured is given below :

Ft. In
Shale, gray, fossiliferous J 1 0
Limestone, shaly, fossiliferousgpumam H’“% ................ .. 9
Coal ] [oeee e 1 2
Clay, dark}Brookville {................. et reeraa, .. 4
Coal J T 1 3
Clay, plastic, light .....coeiiiiriiiiieiiiiiiiiaiiiiinnn.n. 3 6
Shale and covered ..........cviiiiiiiiiriiiiiei e 11 6
Ore, nodular, reddish-brown ... 4
Limestone, shaly, blue, fossiliferous YUpper Mercer {... g8

Limestone, hard, blue, blocky, fossiliferous)

1Geol. Survey Ohio, Feurth Series, Bull. 31, pp. 143-151.
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“The ore varies from a soft limonite to a hard siderite, depending on
the state of weathering. The limestone affords fair collecting as the
fossils are well preserved.

Swan Township

“The Upper Mercer ore was extensively mined for many years in
Swan Township, especially in the southern and western portions. Most
of it was loaded for shipment at Creola. In some of the deposit the ore
iz very rich and is much above the average in thickness. The usual
measurement of the bed, however, is between 4 and 8 inches.

“Near Orland, the member is generally thin and locally wanting.
Where observed in the southwestern part of Section g, the deposit con-
sists of 2 to 4 inches of iron ore underlain by 4 to 8 inches gray to dark,
fossiliferous flint. Its position is about’ g6o feet above tide. Many old
benches show where the ore was mined along the ridges in sections 5, 6,
7, and 8. Near the road forks in eastern Section 6, at an elevation of
1,010 feet, the deposit is made up of 5 inches of block ore underlain by 4
inches of rough, flinty ore. A record, taken just across the county line in
southwestern Section 31, Washington Township, Hocking County, shows
exceptionally well the composite nature of the member in places and also

- its stratigraphic relation to other well-known beds. The measurements
are given below:

Ft.  In.
Shale, gray ........... e e rerenaraesenaatr aaaniaarans ... 18 0
Shale, calcareous, very fossiliferous, Puinam Hill ... ......... 1 8
Shale, dark, carbonaceous, Brookville coal horizon............ 1 1
Clay, dark, plastic ... .vitiininnrnanrnrriinceaananranneness 2 0
Shale, Bray ...ooevvcvevnvnnen. e enrten e s 3 4
Shale, BIOCK ...iiiiiiiniin it siiciiieianarrianciarannrens 1
Coal ..oc..nnne Crreeaareans A .. 1
Clay, lHght ...ttt e iini i ccienanns 1 6
Shale, Gray ....coouiiriuniinre ittt aairiasineaens G 4
Coal, shaly ] fore e 8
Shale, with thin coal bands}Tionesta {....................... .. 8
Coal, shaly . j Lrrrrenriiiiennen 1 0
Clay, light, plastic, SiliceOUS «..vvvvvniverrovrnsrvornnoonoees 3 4
Sandstone and sandy shale, light.............ccooiiiiiivinn., 7 0
Ore, kidney f 3
Sandstone, shaly 3
Ore, blocky 5
Ore, shelly Upper Mercer, elevation 995 feet] 7
Limestone, blue, fossiliferous | .- 9
Shale, siliceous ' | 11
Flint, black ] - 5
Shale, siliceous .......... [ Ceetecrrenerreranraan 7 8
Coal }  f[..-v.- freneieen reiees Metesareaneanans . 3
Sandstone YBedford {....c..iiiiiiiiiniin. 2
Shale, coaly| = |ieriimiii i e e e 5
Clay, impure, siliceous .........ooiiiiriiiiieiiiiniiiiinen. 1 6
Sandstone, shaly .........covninriiiniiriiiriiri e 6 4
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Shale, dark, carbonaceous, Upper Mercer coal horizon......... .. 6
Clay, light, sillceous .......vviiiicninennrirennaesonacaacess 2 6
Shale, gray, siliceous .........c..0u0e fererriian . 6 0
Ore, kidney, Lower Mercer ....... ferenarenes eteeenerntaaan .. 2
Shale, gray ...... Ceretasresanenes Feamereestseanseeroartanie 8
Shale, dark, carbonaceous, Middle Mercer coal horizon ....... .. 6
Sandstone, hard, dark ......coviiiiiiniininiinrnneiena, vennen . 2
Clay, light, siliceous ..... e veeraciserasttacabonnerareracanen 2 ki
Shale, dark, carbonaceous, Flint Ridge coal horizon ........... .. 4
Sandstone, hard, dark ....... Certerinecaeennns P . 3
Shale, dark .........c.chenn e rertenartsarasterarananns heeee s 3
Clay, hight, plastic .....c.coo0vuues T 3 0
Shale, gray, soft, part siliceous ...........cciiiiiiiiiie, 1. 13 2
Shale, dark ..oveoeveaseonvancrnerinraisaneinnssimeneroncnns .. 5
Coal, hard, Lower Mevcer .....ccvvvvvn-e. Ceereerecaneaaens 1 8
Clay, plastic, light ..... teeserescrenene e rcreararaateraann 1 0
Shale, gray, part covered ........ e rereeeareane e, 4 4
Shale, dark, siliceous ........... Cerrarasas S . 10
Shale, gray, siliceous ,........... e vareereenaer e 2 0
Sandstone, massive, Mosstllon ... .ocovviirveneiniivmcnnnanns 25 &
Covered.

“Extensive mining by benching has been done along the ridge north-
west of Creola in sections 19, 20, 29, and 28, where the ore is reported
to be above the average in both thickness and quality. Locally it is under-
lain by black flint from a few inches to mere than 1 foot thick. Many
stripping operations are yet evident along the ridge in sections 31, 32, and
33, where the ore is reported to vary from 2 inches to 1 foot 10 inches
in thickness. On the hill just east of Creola in Section 34, measurements
show 6 to 10 inches of ore underlain by about the same thickness of dark
flint. The deposit here has an elevation of 836 feet and lies 104 feet
below the Vanport limestone. Along Raccoon Creek in the southeastern
part of the area, the Upper Mercer member is generally thin and consists
usually of ore alone. Near the road forks in east central Section 235, the
bed lies 764 feet above tide and measures 3 inches in thickness.

 Jackson Township

“Formerly the Upper Mercer member was mined at many places
along the main ridges in the eastern and central portions of Jackson Town-
ship. It shows no unusual features. The ore is generally in one bench
and 4 to 6 inches thick. Locally it is underlain by black flint or cherty
sandstone.

“Along the ridge in western Section 10, both ore and black flint are
present at an elevation of about 1,060 feet. Similar deposits were observed
north of the Browns School in Section ¢ and also in northeastern Section
16. Near the road forks in central Section 21, 4 inches of Upper Mercer
ore was exposed at an elevation of 1,050 feet. South of the Shively
School in Section 23, the member is divided into 3 to 5 inches of block ore
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and 4 to 6 inches of black flint. The bed lies ggo feet above tide. On
the George W. Hartley farm in southwestern Section 36, the following
rocks were exposed for measurement:

Ft.  In.
Shale, dark, very fossiliferous, Fanport ...................... 2 0
Coal, somewhat bony ..cocovvvinnenniiiiiii 1 1
Clay shale] S P .. 7
Coal }Clarion J e 1 9
Clay vt e . 1
Coal I O .. 8
Clay, plastic, light ... oo i e ceeiaaen 6 6
100 T2 1« AR AU 24 8
Limestone, very fossiliferous, Putnam Hill ... ............... .. 5
Clay, shale, and covered .........coiiiiieiiiiiiiininannn 30 7
Ore, kidney ] [ 2
Shale, very siliceous 5
Ore, blocky, siliceous, sparingly fossiliferous }Upper Mercer, 7
Shale, very siliceous | altitude 930 ft.[ 1 1
Ore, siliceous J { 3

“Nearby the lower ore stratum changes to gray or black flint 5 to 8
inches thick. Its position is about 45 feet above the Lower Mercer lime-
stone which is well developed.

Richland Township

“A part of the ore supply for Cincinnati Furnace, later known as
Richland, was drawn from the Upper Mercer member in the eastern and
central parts of Richland Township. As elsewhere the deposits show
considerable variation in thickness, character, and structure.

“Near the Pawpaw School in Section 1, the Upper Mercer member
was mined extensively by stripping along the outcrop. The elevation of
the deposits is approximately 920 feet. One to two benches of ore are
present, the thickness of which is reported to be 3 to 10 inches. Locally
the ore is underlain by flint or dark, ferruginous sandstone. The position
of the Upper Mercer member in this locality is nearly 45 feet above the
Lower Mercer limestone, 40 feet below the Zaleski black flint, and 63
feet below the Vanport buhrstone. The thickness of the ore where
observed in central Section 12 is from 4 to 6 inches, at the Wyckoff
Crossroads in Section 15 from 3 to 5 inches, and along the ridge in
sections 16 and 21 the measurements are about the same. Near the Dolly
School in Section 22, 3 to 5 inches of block ore is accompanied by 3 to 10
inches of black flint. At this place the elevation of the bed is g25 feet
above tide and its position about 35 feet above the Lower Mercer ore.
Deposits similar in character and thickness were noted also in sections 27,
28, 32, 33, 34, and 3, south.
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Elk Township

“The Upper Mercer ore is moderately persistent in Elk Township and
is present above drainage in all but a few sections in the southeastern
portion. The most extensive mining was done in the northern and western
parts, the ore being hauled to the railroad at McArthur and Elk Fork.

“Along the road in southeastern Section 3, the Upper Mercer ore is
present at an elevation of 794 feet. The bed measures about 3 inches
in thickness but near by it is reported to expand to as much as 8 inches.
Formerly this ore was mined at a number of places in sections 4, 5, 6, and
7. The thickness observed is from 2 to 7 inches. Its relation to other
members is well shown in the following record taken along the road in
southeastern Section 8:

Ft. Inm.
Shale, gray ....vviiiiniiii i e e 8 0
Shale, gray, fossiliferous, Putnam Hill ...................... 2 0
Coal blossom, Brookwville .........voeueeeneiiinniiiinnnnnn. 2 8
Clay, light, plastic ......... Creresirstatranaes erieaian AN 3 0
Sandstone, light, argillaceous ............ccooviiiiniaa.... 10 0
Covered ...oiuiiiniiiiinsieeeoeosassasarsnscosasanracnaennns 5 9
Ore, blocky, 3 to 5 inches, Upper Mercer, elevation 870 feet.. 3
Shale and shaly sandstone ........coevivuieiiannenennnnnn.. 14 7
Clay shale, dark........coiiniiiiiiiiiiii e inannen, 1 (1
Coal, blocky, Upper Mercer or No. 36 «..........cooivevena... . 5
Clay, dark, siliceous ...........ciiuriiiiieennenicnneinnnnnn. 2 0
Shale and covered ........coviiii ittt i 6 4
Ore, SilICEOUS . ..oiveriniinrnnenrernneicranreneaneenneannnnn .. T
Shale, gray, parts siliCEOUS ....euvvnveenrenenneneneenenennns 18 1
Shale, fossiliferous, Lower Mercer .........ooovveeneiiian.. 1 0

“West of McArthur the ore locally has fair thickness and was mined
at a number of places. Several exceptionally good deposits in the vicinity
of the Hawk School were worked for shipment to furnaces in the Hocking
Valley. Along the road in the northeastern corner of Section 26, the
member is composed of two ore benches, of 3 and 4 inches respectively,
separated by 8 inches of shale and underlain by a hard, ferruginous
sandstone which locally changes to black flint. The bed lies 710 feet above
tide. Locally along Elk Fork in this section, the ore is reported to thicken
to 1 foot and to be of good quality. (See analysis, page 112.)

Clinton Township

“Both Hamden and Cincirinati furnaces drew a part of their ore
supply from the Upper Mercer member in the western half of Clinton
Township. This bed extends eastward to Dundas and Hamden Furnace
before it disappears below the valley floors. Some of the deposits were
far above the average in thickness and were mined extensively by strip-
ping along the outcrop.
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“In sections 3, 6, and 7, the bed appears to be thin and in places
wanting. On the Craig farm in Section 8 the deposits are much above
normal in both thickness and quality and were stripped to deep covering.
Measurements of the ore and associated rocks are given below: (See
analysis, page 112.)

Ft. In.
Soil cieviiiiiiiiann. Ceecesttansestircorcesavnrterarrernnons 4 ¢
Shale, light gray ...... Ce s rerasesareterrrrtaresonrertarrnes 2 6
Sandstone, soft, ferruginous ............ et saan e 2 3
Clay shale, gray ....... varaeas et era e e 1 2
Shale, dark blue, sandy ....... e n e etat e eaaas 6
Ore, limonite, red, 10 inches to 1 foot] | R 10
Ore, sideritic, blue {’P per Mercer | EET 8
Coal ....oonvvvennnn R, ererersaraieriier s freranaeas 1
Clay .ovvvinernnnnnas Creeratrrasesanenaiarirrosntann 1
Sandstone.

“The few exposures observed in sections 17 and 18 show 2 to 3 inches
of block ore, usually of inferior quality. West of Hamden in Section 19,
considerable stripping was also done on the Robbins farm where the deposit
consists of two benches of ore of 6 and g inches respectively and where
it lies about 40 feet above the Lower Mercer limestone. Near Hamden
Furnace the member is locally well developed and was used for iron smelt-
ing. The following record, taken along the old road in north central
Section 28, shows very well not only the thickness and structure of the
ore but also its relation to other important stratigraphic units:

Ft. In.
Shale and covered ........ et s eareca et e et as 10 0
Sandstone and covered .......o.eeierennn. keeaarerrcenenan 46 0
Coal blossom, Middle Kittanming .............cooivinieaoa... 2 0
Clay, light, plastic .......covrrrreinrnneaeneraernnennnnns U | 0
Shale, shaly sandstone, and covered .......... ereer e 25 0
Clay, plastic FTE Y 3 0
Clay, flint %Oak H'K{ ..................................... 1 0
Coal blossom, Lower Kitianning .............ccciceiuvan.n. 1 0
Clay and covered ............... v eetres et e s 6 0
Shale and covered .......coinviiiivenieiriiiriraeaiaeaaaa, 11 0
Limestone, Fanport .......ccoeeeiiiieniieainieraruennnanaes 3 0
Covered ..ooevieinrinerrinsnnanncnans e eine e 2 0
Coal blossom, Clana» ...................................... 3 [
Clay, light, plastic .........ccovnvnn. b ietrrenan ey 6 4]
Sandstone, light, clay-bonded ............ ... T 8
Coal, weathered]  [...ccoiiii 2 2
Clay Winters {............... eeneenans e .. 3
Coal, weathered| R .. 5
Clay, plastic, dark ..... et reeresretcearaaaean Cereerareaeanen 3 6
Shale, gray, siliceous ................ feeneaaiann Crreeaeeen. 13 6
Ore, irregular, local ................. e nureriaeecrrrirane .. 6
Shale, Bray .....covivniiivninnvreisasnuercsncnseranananranss 7 2

iGeol. Survey Ohio, Report of Progress, 1870, p. 121.
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Coal, Newland .......ccviieiiiiiiiiitereencrsrcnacnsnannn .. 3
Clay, light, siliceous .....ovneineinnnriviemiionoinneenneannn 1 6
Sandstone, soft, parts covered ............ciiiiiiiiiian 43 1
Ore, with shale layers foemeeen. .. 10
Ore,blocky |  J.......
Sandstone, ferruginous }Upper Mercer, altitude 765 feet{........
Ore, soft, siliceous | IE
Ore, blocky | [-oeeenee
Shale, ferruginous .........iiirrerrrinenectnannean s
Sandstone, argillaceous
Shale and covered .......cooiiiiiiiiiiiii i 4
Coal, Bony .oinini i e e s .
Clay, siliceous, upper part with coal bands ................... 1
Sandstone, soft, massive, part covered .................. ... 30

—

.
;
.
.
.
.
.
.
.
:
.
.
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“At other places in this vicinity the ore measures 4 to 10 inches in
thickness. l.ocally it is underlain by an irregular stratum of black flint.

Economic Value

“Although of little value at present, the Upper Mercer ore in Vinton
County was formerly an asset of importance as it was worked for many
years over a wide area. Mining activity began with the advent of the
charcoal furnaces within the county in 1832 and continued briskly until
1888 when the native ores were largely replaced by those from the Great
Lakes region. Upper Mercer ore was used extensively during their active
periods in Richland, Hamden, and Vinton furnaces and in less amounts in
Zaleski; Eagle, and Hope. Later large quantities of ore were shipped
from McArthur, Elk Fork, and Creola to outside furnaces, Creola being
the main center for this trade. Regarding the ore shipped from this place,
Mr. A. B. Kirkendall states:?* '

‘From 1880 to 1888 ore, both raw and calcined, was constantly being
loaded at Creola. For months at a time the standing orders were for 25
cars per day which amounted to between 300 and 400 tons. One large pile
on the yard in 1884 contained 19,000 tons. In the most active years from
1881 to 1884, the annual shipment was not far from 30,000 tons. The
ore loaded here was largely block or Upper Mercer and was mined along
the ridges west of this place. The bulk of the material was sold for
smelting in the furnace at New Straitsville but some was shipped also
at Winona, Gore, Orbiston, Buchtel, Greendale, and Floodwood. After
1888, the trade declined rapidly and soon ceased altogether.

“Under deep cover the Upper Mercer ore is a siderite but along
the outcrop, where affected by weathering, it is a limonite. These limo-
nites smelted easily in the short stacks of the charcoal furnaces as they
were open and porous. As the soft, oxidized ore was liked best for iron
smelting, the main supply was obtained by stripping where the overburden

1Personal letter from A. B, Kirkendall, Creola, Ohio, Jan, 4, 1024,
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was thin. The rule was that one {oot of dirt could be removed for every
inch of ore. Drift mining was not regularly practiced in Vinton County.
From many observations, the mean thickness of the bed in this field is
7 inches but in local deposits the measurements range from 10.inches to as
much as 3 feet and frequently average 1 foot 3 inches. Such a bed of
ore will yield approximately 4,400 tons per acre.

“The iron content of the Upper Mercer ore is low compared to that
of the better grades from the Great Lakes district as the Upper Mercer
15 not only more siliceous and argillaceous but also much higher in com-
bined water and volatile matter, When calcined the difference is not
so great. The quality of the Upper Mercer ore is shown by the {ollowing
analyses:?

No. 1 No. 2 No. z
Moisture and ignition loss ........ eeren 150 33.38 8.75
Silica, SiO4 cvvnrevininiiiiiiiinnnns .. 649 3.93 43.46
Ferric oxide, FeaOs vovvvvniniinnnen. .. B4 11.61 45.95
Ferrous oxide, FeO ..........cco0.cunt vene 43.51 R
Alumina, ALOs ...covenvevni.o... ceena 70 cens e
Manganous oxide, MnO ............... trace trace 65
Lime, CaQ .ciirivireniiiiiininnn, 07 2.30 20
Magnesia, MgO .........oiiniinn... J4 295 50
Phosphorus pentoxide, P:Os............ 217 42 Rin|
Sulphur, S ...t PPN 06 03 trace
Total ooiviiiiiiiiin 98.917 98.13 100.481
Iron, Fe vviiriiiiiniriereeeiinnnnenes 58.62 42.00 3217
Manganese, Mn ........cccviieniiann trace trace 3
Phosphorus, P ......oiiiiiiinii, N 073 183 424
Specific gravity .......cooiiiiiiiie.n 2814 3.516 2,682

No. 1. Limonite ore, upper part of bed, Craig mine, Section 8 Clinton
Township

No. 2. Siderite ore, lower part of bed, Craig mine, Section 8, Clinton
Township.

No. 3. Limonite ore, siliceous, McAllister mine, Section 26, Elk Township.

“The ores on the Upper Mercer horizon have a wide range in com-
position as they vary in the character of the ferruginous minerals from
hydrated oxides to carbonates, and in the quantity of impurities such as
sand, clay substance, and calcareous matter. In general, the ore in the
upper part of the deposits is of better quality than that in the lower part
and laterally the transition from good to poor ore may take place in a short
distance. These ores are all in the foundry class as they are high enough
in phosphorus to make an iron sufficiently fluid to pour well The man-
ganese varies from a trace to 1.00 per cent but usually averages about
.50 per cent. In some deposits the content of lime and magnesia is such
that it aids substantially, during smelting, in fluxing the siliceous matter.

1Geol. Survey Ohio, Report of Progress, 1870, pp. 111, 122



PENNSYLVANTAN SYSTEM I13

The weathered ore is generally low in sulphur. On the whole, the Upper
Mercer, for a lean ore, has fair metallurgical properties.”

HOCKING COUNTY

In Hocking County the Upper Mercer ore member is absent in
rather large areas. In parts of the field only black flint appears on the
horizon and in other parts neither ore, flint, nor limestone is present, to
represent the member. The iron ore phase is most prominent in the
southwestern part of the county in Benton and Washington townships.
This ore helped in a small way to supply burden for Union, Logan, and
Hayden charcoal furnaces and for Winona, Monday Creek, Helen, Gore,
and Crafts coal furnaces.

In Benton Township the deposits are confined to the ridges in the
southeastern part of the area. The member is found at an elevation of
1,030 feet in east central Section 36, 1,080 in northwestern Section 34
and 1,071 in southeastern Section 24. In this area the ore averages
about 6 inches in thickness. Its position is about 25 feet above the Lower
Mercer limestone and 8o feet above the Lower Mercer coal. Some ore
was mined along the ridges, mainly by benching along the outcrop.

The Upper Mercer ore is far from persistent in Washington Town-
ship, in fact, the horizon is marked by ore in only a few localities. The
best deposits are in the southwestern part of the area. The geology of
the member is well shown in the record given below and taken along a
ravine in the southwestern part of Section 31, Washington Township:

Ft. In.
Top of knob, elevation 1,045 feet ..........coviiiinieniinats . .
Shale, gray «.cccvevneinannn. P D aiaeens 18 0
Shale, calcareous, fossiliferous, Putnem Hil ................. 1 8
Shale, dark, carbonaceous, place of Brookville coal ......ouvvn. 1 1
Clay, dark «ociiuiiniirniniiieniraiairiaseceaaerararanaerans 2 0
Shale, gray ....... Creseresees - 4
Shale, black ......oc0vuinnene s aaseaanneeersaertaeret arers 1
Coal, shaly ....uiuiiiiiiiiiiiiiiiiniiiiiii i airsianeans .. 1
L 1 6
Shale, Ay ....ivvsvrevcerreesssnnuarnerscoseesnsasasarnann 6 4
Coal, shaly } [ 8
Shale, coaly}Tionesta {....ooviiveiiiiiiiiiiiiiiiiiiina.., .. 8
Coal, shaly | Lerereremmemmiiiii 1 o,
Clay, light, siliceous ....... et esete et e 3 4
Sandstone and sandy shale ........ .. o il 7 0
Ore, kidney 1 [orereeriiiiiiianes 3
Oy Npper Mercerd T
Ore, shelly } T 7
Limestone, fossiliferous, blue} [l 9
Shale, siliceous \Upper Mercery................ 1
Flint, black ] l ................ 3
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Shale, SIlCEOUS . ...vuirinioiairneiieniacrerecrenronnenneninn 7 8
Coal [oreeiiii s et e, 3
Sandstone }Bedford { ...................................... 2
Shale, coaly] [ceeemr e 5
Clay, siliceots ....ovivinirereennerenecrennnnnnnesesonnnnns 1 6
Sandstone, shaly .......cieveviuiernieeieeieennensnnrsnnnness 6 4
Shale, dark, Upper Mercer coal horizon...........covuinun... .. 6
Clay, light, siliceous .........c.ciieieiinerererranninnnnnnnn 2 6
Shale, gray, siliCeoUs ......cevvviiiniiieneinnniniaiieannn, 6 0
Ore, Lower Mercer ........ccoeuiniuetnneeunieenunneanennnn ; 2
Shale, gray .......coiiiiiiiiiiiiiiriiiiiiieniiineaann 8
Shale, dark, Middle Mercer coal horizon...................... 6
Sandstone, dark, hard .......... .. ... .o i, . 2
Clay, light, siliceous ........ccciveiiiivmnirieneeenenirnnnnnn 2 7
Shale, dark, Flint Ridge coal horizon......................... 4
Sandstone, hard, dark ........ccciiiiiiiriniiiieniiaan.n. 3
Shale, dark ....cccoiiiiinriiiiiiinrerneeeceiinananeneennnns .. 3
Clay, light, plastic.........c.cviiiiiiiiii it et ireeininenes 3 0
Shale, gray,' F-703 4 S AP 15 2
Shale, dark ..coviriiinieiiereninrieneresoeeanaceansoaannens .. 5
Coal, hard, Lower Mercer ......couevieeetenneeraneeananen. 1 8
Clay, light, plastic ......cooveeiiriiinriinnoereraronnssnnns 1 0
Shale, gray, and covered ........cccieiieierrnniicnncniineens 4 2
Shale, dark, siliceous ........ccveiiiiiiiininriiiiaiiinrinanna, .. 10
Shale, gray, siliCEOUS.....vuveervierineiennenennenneenannns 2 0
Sandstone, massive, Massillon ..........ccoiviviiriiiiiennn... 25 0

At this place all three phases of the Upper Mercer member, ore,
iimestone, and flint, are present and in characteristic development.

In Falls Township the Upper Mercer ore is very generally absent
from the section and where found it is thin, often nodular. In Green
Township black flint is the common material present at this horizon.
Usually neither ore nor limestone is present with the flint. Some of the
geological features are shown in the following record taken on the south
tributary of Kitchen Run, one mile north of Greenland School, in east
central Green Township:

Ft. In.

Shale, gray ....ivveirineirioeoretesnnresansasoncncnaronnnns 3 0
Coal, weathered, Tionesta ..........cccvveieavennnn.. [ . 6
Clay, plastic ...c..vvriiiinriinriinarireeninecneeenninen, 5 0
Clay, silICEOUS ....uviiveiererennsrieerocertoonnssennessanns 3 0
. Flint, black, locally replaced by sandstone, Upper Mercer..... 1 1
Covered ...covninneiennananaeteisssnsoraasonacassesnnsannne 14 10
Shale, ray ...cicvveececeenrensneensnionsesancnenonsreonnns 6 0
Limestone, blue, fossiliferous) N P 2 0
Shale, blue, fossiliferous ‘Lower Mercer! ................ . 11
Limestone, blue, fossiliferous] | T TTPOPPPII 2
Coal, Middle Mercer ..........cooueennaunnneerroaannneenenn 5
Shale, black, part bony ...ttt i 1 3
Coal, Flint Ridge ........... e eeeeeeeas P .. 2
Clay, light, plastic ........ccciiiiiiiiiiiiiiiaiiieniinanen. 1 0
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The Upper Mercer ore is much impoverished in western Ward
Township and throughout Falls-Gore Township. Where marked flint
is the common material on the horizon. The Lower Mercer-Putnam
Hill interval is much contracted with the absence of several members.
No mining for ore was found in this part of the county.

PERRY COUNTY

Throughout central and western Perry County the rock that marks
the Upper Mercer horizon is, in general, black flint or flint and limestone.
In few places does iron ore appear and then only in thin lenticular beds.
Such deposits are due above drainage in Monday Creek, Jackson, Read-
ing, Hopewell, Salt Lick, Pike, Clayton, and Madison townships. The
Upper Mercer thus added little to the ore supply for the eight coal fur-
naces—Baird, Fannie No 1, Famnie No 2z, XX, Mollie, New York,
Moxahala, and Bessie—that formerly operated in Perry County.

The geology of the Upper Mercer member is shown in the record
given below and taken along the road ‘that leads from the head of Salt
Run to the ridge west in the southeastern part of Section 3, Madison
Township: :

Ft. In.
Shale, Eray ...u.cvviveriiinieeenniaioronenrnoenraneaeaannns 16 0
Coal blossom, Middle Ktttomufsg e v et teanaae e 4 0
Clay, light, siliceous ...... seersaaaa et et iy g 0
Sandstone, shaly, part light ......... e ereser i, 10 0
Shales, gray, parts siliceous ......... P I 36 6
Limestone, nodular, fossiliferous} p Hil | PR .. 6
Shale, gray, very fossiliferous  § utnam [t II ............... 7 6
Shale, gray ..ooouiiiiiiii ittt et ia it 8 0
Clay shale, light, part covered,” Brookville coal horizon ........ 7 0
Clay, plastic, part dark ......coimiiiiiiiiri s 3 6
Clay and covered .....c.ooiriiiniiniiiiiirrannerannanneannn 5 6
Shale, dark ..... DR Ut 6
Coal, shaly ..uveiriiii i it ettt iianienseaann .. 1
Shale, weathered, with ore nodules .......................... 1 3
Coal, bony, Tionesta ........... DA .. 5
Clay, light ....... beeerereana D 1 0
Clay shales and covered .......ccoiveinraiiiirnaenncnnenans 7 3
Limestone, dark, flinty, Upper Mercer .......cooeeviieinnn.n. 1 2
Coal, Bedford ...ooovvveieiiiinnnnn. e . 3
Clay, light, siliceotts .....oiiiinineiiiiiiiinneererannenenn 2 3
Shale and covered ......ccviiieniiiiiinieiriannerancnrennss 7 0
Coal, bony, weathered, Upper Mercer ........................ .. &
Shale, gray .....cvee.n Crareateseeainienennann e, 1 . 4
Sandstone, shaly .......... e e e n s etenar eaannanae i aannrean 10 0
Shale, dark blue, carbonaceous .......c...oiivieiineinnnn.. i 11
Shale, gray ...... Cesrsecraserrensauns e rrae e 1 9
Coal, bony, Middle Mercer ................................. .. 4
Clay, SiliCEOUS ...ivvicoriariinieiiiiiaiirimeaiiiiiaiaaenas 4 0
Covered ......c.couinnnn e e e e, 8 0

Level of bridge, 890 feet elevation ...............cooviinnon.
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MUSKINGUM COUNTY*

“The Upper Mercer ore, which is more generally known in southern
Ohio by the name Big Red Block, or Franklin ore, lacks continuity in
Muskingum County, as it was observed at only a few places. However,
in these places the thickness of the deposit is about the same as it is in
Jackson, Scioto, and Lawrence counties, where it was mined extensively
for many years for iron smelting in the early charcoal furnaces. The

neasurements of the bed in Muskingum County vary from 3 to 6 inches.
Its position is close to that of the Upper Mercer limestone or flint. In
fact, in local areas the ore rests directly on the flint or limestone, whereas
in other localities it is separated from this stratum by a bed of shale
expanding from a few inches to several feet in thickness. The ore is
often sparingly fossiliferous and the types present are about the same
as those found in the underlying flint or limestone. In places the asso-
ciated shales also bear impressions of the marine life that existed during
this general period of deposition of ore, flint, and limestone. The member
will be traced only in a general way, as the exposures are few and the
value trifling. In a ravine just south of the flour mill at White Cottage
the following relations between the Upper Mercer ore and Upper Mercer
flint were noted:

) Ft. . In
SHAlE ittt i e e e n et e 5
Ore, Upper Mercer .....uonnnriniir e inminianneeaneeinnnn .. 6
1] 1Y .. 3
Flint, dark, Upper Mercer ... i iiniiiiiiiiiniiian.. 1 5

“On the land of J. W. Beam, in the western part of Section 20,
Newton Township, the Upper Mercer ore lies directly on the Upper
Mercer flint, and measures 6 inches in thickness. Along the road in the
northern part of Section 28, Newton Township, the Upper Mercer flint or
limestone is absent. This condition, with only the ore present, was seldom
observed in this county, although it is the characteristic arrangement in
southern Ohio. Along the Licking River west of Zanesville, in Falls
Township, the ore and flint appear either to be merged into one bed or
the flint is very ferruginous and the ore wanting. The stratum is a mix-
ture of flint and iron ore. This condition was noted at a number of
places. On the land of J. Butler, 114 miles north of Dillon Falls, the
following structure was observed in a stream bed: -

Ft. In
Shale, Bray .ovvervrcrnteronerenuercercaneunsoreennsenaneen 1 ..
Ore, nodular, Upper Mercer ... ..vniieviaiirinnneecnonenen . 3
Shale ittt i i et .. :
Flint, black, Upper Mercer ... ... ot iiiiniiiiiiiiiinnaans 1 1

iGeol, Survey Ohio, Fourth Series, Bull. 21, pp. 114118
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“At another exposure near-by the ore measures 6 inches in thickness.
Along the road in Section 12, Muskingum Township, east of Township
Hall, the ore varies from 2 to 8 inches in thickness, and is separated from
the underlying limestone by several feet of shale. In the eastern part of
this township the Upper Mercer ore is absent, or is merged with the flint,
the upper part of which is often very ferruginous. This is the general
condition noted also in Hopewell, Licking, Cass, and Jackson townships.

“The Upper Mercer ore was not utilized to any extent in Muskingum
County, even during the days of the charcoal furnaces, as the deposits
are local and the ore thickness small. It belongs to the siderite class of
ores which is typical of the unweathered ores in the Pottsville rocks of
Ohio. Along the outcrop of the bed chemical agencies have changed it
from the carbonate to the hydrated oxide or to the limonite class. From
general appearance the ore is somewhat siliceous, even where the bed is
separated from the flint. It carries some lime and magnesia which, how-
ever, aid in smelting. The phosphorus content of the Pottsville ores
usually fits them for the smelting of foundry iron. Owing to the limited
quantity of the Upper Mercer ore in Muskingum County, and to the
small demand for native ores, since the advent of the rich Lake ores, the
bed has no value worthy of consideration at present.” [1918]

EASTERN OHIO

Throughout eastern Ohio, through Coshocton, Holmes, Wayne, Tus-
carawas, Stark, Portage, and Mahoning counties, the deposits of Upper
Mercer ore are quite local, widely scattered, and generally thin. Flint
or limestone or both mark the horizon. The associated ore lacks devel-
opment and hence has no economic value.

PUTNAM HILL LIMESTONE HORIZON

Most of the marine limestone members in the Pottsville and Alle-
gheny series carry iron ores in association. This is true of the Lowell-
ville, Boggs, Lower Mercer, Zaleski, Vanport, Hamden, and Washington-
ville. However, no regularly bedded stratified ore is present with the
Putnam Hill member. The related stratum is calcareous shale, rich in
fossils.

ZALESKI FLINT HORIZON®

INTRODUCTION
“Closely associated with the Winters coal, in parts of Jackson and
Vinton counties, there are found deposits of black flint, calcareous shales,

and kidney ores. When both the flint and coal are present the flint lies
just below the coal. . . . East of Coalton and Jackson the flint and coal

1Geol, Survey Ohio, Fourth Series, Bull, 20, pp. 178-187,
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are seldom present, but a kidney ore is found which marks the horizon
and which has been mined for the charcoal and coke furnaces.”

REGIONAL GEOLOGY
JACKSON COUNTY

The ore is present locally in Lick Township. A carefully measured
section which shows the important members between the ore on the
Zaleski horizon and the Lower Mercer limestone was obtained on land of
George B. Wykle, in Section 24, Lick Township. The record follows:

Ft.  In.
Ore, Zaleski, flint horizon ........... et te e, .. 6
(00 « 15 0
Sandstone, calcareous, very fossiliferous, Putnam Hill........ 1 0
(0037 - 3 0
Coal blossom, Brookville .........cccviiiiiiviiiiiennennnn. 1 0
Clay, lght .......viiiiiiiii ittt ierreeiraiierenananns 7 0
Shale, gray «veceeveeeen. e s e testtttteneennnannesesnnnnnns "4 0
Sandstome .....iiiiiiiiiiiii it iie et a e aaeas N7 0
Coal blossom, Tionests .......ccoeeiiiieerneenannneennnanens 1 0
Clay, sandy ..ocveeeeneerenereaenenneereenneseaenaasoesennns 2 0
Shale, sandy ......vevveeineiinreaennreieneerieenianeennenns 5 0
Ore, Upper Mercer ......o.ooviiiiiiiiiiiiiiniiaaiiniaanns. 2
Coal, Bedford ......cueiineniiiiiiiiiiniaia i .. 1
Clay, light, sandy .......cco00vee.. PRt 2 0
T 4T 1 T 8 8
(07032 - [ 5 0
Ore, Sand Block ......oouirviiiiiieiieeronnnnieereinnnnnnnn .. 2
Shale coiiiirriiiii i et ta et te e et e, 6 8
Coal, Upper Mercer .......cuiiiiiiiinenssianecianesssannann 1 1
Clay, siliceous ............ eeeveseeaes deetereaerie e, 3 0
Shale, Bray -eeeveveveeeneoneecesannnanasancanns P 9 11
(071 . 4
Clay shale ....ccciiiiiniiineeneenaietnesiinnsoeeseasnnones 2 8
SaANAStONE . vveurennneneeerennnsaneceraeaetarataraaaranaanaas 3 0
Shale, Gray .ecceeneiieeeiinrernnisiaeannneeenneeeaneeannnns 3 0
Lo T A .. 9
Clay shale cuuvviirrieienneioneernieroaneernnernneesnaeeens 2 0
Covered .....coovinviinnnnannn. e, 5 3
Limestone, Lower Mercer ............c..coiiuveiiiivinennn.. 1 0

“The upper part of a section measured along the road in the north-
eastern part of Section 23, Lick Township, shows the ore on the Zaleski
flint horizon to be broken up into three benches. The record taken is as
given below:

Ft. In.
Ore ) [coeeee .. 4
Shale | [eeemeemmreneeet e eaeenns 2 0
Ore }Zaleski flint horizonl ................................. .. 6
Shale | e 1 2
Ore | eeerere 4
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“This ore which is quite persistent in eastern Lick Township was
-mined at many places. The member varies in thickness and structure for
it is often broken into two or more layers with shales intervening.

Coal Township

“The flint as well as the ore is present in a few places in the southern
part of Coal Township, although both are rather unsteady. A section
taken on land of G. N. House, in Section 3, Coal Township, shows the
following relations:

Ft. In.
Ore, Zaleski flint horizon .....ovvcvirrvrennrranncrorcaneoanes .. 8
COVered ..iv.vevnerenienneeenreresssensoneonaosonaosnennanens 25 0
Sandstone, shaly, very fossiliferous} R . 4 0
Shale, sandy, very fossiliferous YPutmam Hill]............ 1 3
Shale, dark, very fossiliferous } Lovrerrrenens . 4
Coal, good .evvvrveinrvennns et enensenereatesiracnars verarens 1 2
Clay shale with thin coal bandsl [rreennaai, ]
Coal, good J O . 5
Clay, dark [8'”’""”" J ......... evnnn 11
Coal, good J L...... RO . 10

“Along the ridge south of this the -ore has been mined by stripping.
In the northern part of Coal Township the ore has been mined in a few
localities, but no records were obtained. In Washington Township both
flint and ore are present, but the Winters coal above was not seen.

Bloomfield Township

“While the ore on the Zaleski flint horizon is rather persistent in
northwestern Bloomfield Township, where it was formerly mined by
stripping for the charcoal furnaces, the flint was not observed, and the
Winters coal above is poorly represented. East of Ridgeland, in Section
8, Bloomfield Township, on land of Albert W. Lackey, the ores on the
Zaleski flint and Upper Mercer horizons have been mined and flinty Van-
port limestone was seen on the hill above. The ore on the Zaleski flint
horizon is reported to vary from 4 to 16 inches in thickness, and to aver-
age about 8 inches. In the western part of the same section, on the land
of Harriet A. and W. L. Burris, the ore, formerly mined quite exten-
sively by stripping, is reported to vary from 3 to 15 inches in thickness,
and to average about 10 inches. The section taken is given below:

Ft. In
Limestone, Fanport .....ouvuenininnirieieereinsnnienasnnnns 4 0
Covered ....... teersesrecennes e terereanraraaerens feeaeeaes 49 0
Ore, Zaleski fint horizon ......oiiiiiniiiieriinencanninnvens. .- 10
Covered .oouinueiniariiaeiiorensionraantiotaaranra e 8 0
Shale, Bray ..oovviirtrinetettnraitinrvrttnerataacaraonass 3 0
Shale, sandy, fossnhferous, Putmam Hil .. ...........c........ 4 0
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Shale, dark ........ovviiiiiiaa.. PN 4 -0
Sandstone, dark .......oiiiiiiiiii i i .. 4
Shale, carbonaceous, fissile ........cviviiriirrinnnineniranrnnn 2 0
Coal, good S 10
Clay, siliceous tBrookuille ...l .. 10-
Coal, good j ......... A 1 2
Covered . veiiii i e ier s e 8 2
Shale, sandy ...coiiiiiiiii it i i cis ety g 0
Shale, 50Tt ..uviiniiieiiiiiiiainnririanrcrireracnaananss 4
Coal, Upper Mercer ... iininierasesreaaseoeasecann 1 11

Economic Value

“The ore on the Zaleski flint horizon has been of some economic value
as the bed furnished a part of the ore supply for the charcoal furnaces
originally in operation in the Jackson and Weliston regions, and it has
also contributed some ore for the later coke furnaces. In thickness the
bed varies from a few inches to 2 feet, but averages about 8 or 10 inches,
... The ore is not of wide extent as the bed is confined mainly to north-
eastern Franklin, northwestern Bloomfield, eastern Lick, and western
Milton townships, although it has been mined at-a few places in eastern
Coal and eastern Washington townships. An analysis of the “Kidney
ore” from the Zaleski flint horizon is as follows:

Specific Gravily ...ooinriiniit i it e, 3.551
Combined Water .......cciiiiteniiiir e irraerieecaneanenns 1.24
Siliceous mMatter ... .. vcvii i e e i e 7.54
Sesquioxide 0f IT0N . .ovveuevir i it cereireravreraeraenn 9.66
Carbonate of protoxide of iron ......... ... ..ol ... 7338
Aluming ..ovvnvverravsennes N 0,24
Manganese oXide .......ciuvnietieiiriiii et aaaaan 2,00
Carbonate of lime ....viviiirerr i iaiieirnirancrcrarearonens 2.50
Carbonate of mMagnesia ........vevienennenreenneanernerionannnns 204
Phosphoric aCid ...o.iiiiiriininrienneasrcrroavareonnsanaconsuns 0.207
Sulphur ovveveviiinernn.. e s e era e oa e e e 0.36

Total ovirviiienrnnnnn f et e e e s 99.167

Percentage of metallic iron .......cvir i iiiiieanae 42.29

VINTON COUNTY?

“The most characteristic material on the Zaleski horizon is a black
or brownish black flint, hard and lustrous. . . . Aside from the true flint.
the horizon also yi¢lds calcareous flint, siliceous limestone, calcareous
shale, and iron ore. . . . The iron ore under deep cover is a siderite but
near the surface this has been changed to limonite.

“In Ohio the Zaleski member with its associated Ogay and Winters
coals has as yet been recognized only in southern Vinton and northern

1Geol, Survey Ohio, Fourth Series, Bull. 81, pp. 1861-186.
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Jackson counties. The basin thus appears to be small, as now outlined,
covering an area of not more than 130 square miles. . . . The stratigraphic
position of the Zaleski member is, on the average, about midway between
the Broockville coal and the Clarion coal, or 26 feet above the Brookville
and 27 feet below the Clarion. These intervals, however, vary much and
erratically from place to place. In general the ore is poorly developed in
Vinton County.

“Near the Jackman School, in Section 34, Richland Township, the
ore was mined by stripping for the charcoal furnaces, and the Brookville
coal below, which has excellent volume, is mined for local use. The sec-
tion obtained follows:

Ft.  In,
Ore, Zaleski flint horizon .......c.iviiiiiiieenenninneianes . 8
1 1 5 0
Shale and covered ... ..ottt i e 19 0
Shale, very fossiliferous, Putnam Hill .........oovoieieennn .. 4 0
Coal, Brookuille .....ooviuiiiiieniiiicristaaeasinaniss 5 1

“In Madison Township the Zaleski member is above drainage only
aiong Raccoon Creek, Elk Fork, and their minor tributaries in the western
part. The bed is very unsteady being absent more often than present. It
may be represented by flint, iron ore, or impure shale. Near Dundas in
Clinton Township the horizon is locally marked by iron ore or shaly
flint.

Economic Value

“The iron ore on this horizon was formerly mined in a small way at
a few places near Dundas and near Hamden for smelting in the charcoal
furnaces. It was worked only along the outcrop where the ore is a soft
limonite. The deposits are local and variable and from 2 inches to 1 foot
tbick. The quality of the ore is generally poor as it is siliceous in char-
acter, The Zaleski member has not been definitely recognized north of
Vimton County.” '

CANARY ORE
INTRODUCTION

The Canary ore is local in distribution and is confined to a few areas
in southern Ohio, mainly Scioto County. Its position is at or close to
the base of the Clarion clay. It may be correlative with the ore on the
Zaleski flint horizon but appears to be slightly higher in position.

REGIONAL GEOLOGY

SCIOTO COUNTY * .
“The Canary ore is found from 25 to 30 feet below the Ferriferous
limestone, but the bed is quite unsteady, being developed only in restricted

31Geol. Survey Ohio, Fourth Series, Bull, 20, pp. 589-5%0.
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areas. In Scioto County it is best developed on Clinton Ridge in Vernon
Township, where this ore was formerly mined in a small way for the char-
coal furnaces. The bed extends along the ridge from Pine Creek to the
Cadot Hill in Section 22. The Canary ore is also present at a few
places near the summits of the main ridges in the eastern part of Green
Township, but it was not observed in eastern Bloom as the horizon is
taken by massive sandstones. The interval from the Canary ore to the
Ferriferous limestone is shown in the following section, taken on Clinton
Ridge near the head of Germany Hollow, in Section 26, Vernon Town-
ship: '

Ft.  In.
Limestone, Ferriferous ........ooeveneeinnn... e 3
Clay and clay-bond sandstone ........cocvvieevnninennnnnnnn, 18
Clay shale, with scattered ore nodules ........................ 10 ..
Ore, Canary «.ocovvniiinuirenerssiarsesersnscrscscosnecsanes .. 6

“The Canary is a concretionary ore of the carbonate variety, and is
usually siliceous in character. It has no special value at present, although
it contributed in a small way to the ore supply of the charceal furnaces
that operated in eastern Scioto County.”

LAWRENCE COUNTY?

“The Canary ore lies at the base of the Clarion clay, and is found at
only a few places in Lawrence County. It is a’ kidney ore of a yellowish
color, and is low in iron. The bed was worked, to a small extent, by
stripping, during the active period of the charcoal furnaces.”

FERRIFEROUS ORE
INTRODUCTION

The Ferriferous ore, known by local names as Franklin, Baird, etc.,
but most commonly as Limestone ore, was the chief reliance for the 70
furnaces of the Hanging Rock Iron District. As defined by the iron
masters, this area embraced the furnaces, furnace lands, and adjacent
properties over which iron ore, limestone, and charcoal were gathered in
- a region of southern Ohio and northern Kentucky, particularly endowed
by nature for the smelting of commercial iron. The region included parts
of Carter, Boyd, and Greenup counties, Kentucky, and parts of Lawrence.
Scioto, Gallia, Jackson, Vinton, and Hocking counties, Ohio. The area
south of the Ohio River is roughly 510 square miles and that north of the
stream 1,290 square miles.

North of Hocking County the Vanport limestone with the attendant
ore are largely wanting or erratically developed to Mahoning County
where the limestone appears again locally in force but seldom carries the

1(Geol. Survey Ohio, Fourth Series, Buli. 20, p. 316,
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associated ore. The productive field for Ferriferous ore may thus be
defined as southern Ohio in a narrow belt covering the outcrop of the
Vanport limestone. The ore produced a high grade foundry iron suitable
for the needs of that time. As the ore was mined mainly along the out-
crop, large volumes still remain under deep covering in the hills. As this
is one of the most important ore bodies in Ohio it will be described in a
detailed way.

REGIONAL GEOLOGY
LAWRENCE COUNTY !

“The Vanport limestone and the Ferriferous ore have contributed
much to the wealth of Lawrence County, and they bid fair to add mate-
rially to its revenue for many years to come. Early in the development
of the State these rocks brought the Hanging Rock Iron District into
prominence for its iron making as the 16 charcoal furnaces in this county
drew all or a part of their supply of ore and flux stone from these mem-
bers. Further, these beds have furnished, but to a more limited extent,
a part of the burden for the g coal and coke furnaces that operated in
the county.

Perry Township

“In the southern part of Perry Township the Vanport limestone and
the Ferriferous ore pass below the bed of the Ohio River somewhere near
the village of Sheridan. North of this a few small patches of limestone
and ore are found along the lower course of Little Ice Creek and along Ice
Creek east of the mouth of Sugar Creek. The limestone varies from 2 to
5 feet in thickness; while the ore on Ice and Sugar creeks is reported to
measure from 4 inches to 1 foot.

Upper Toumship

“In Upper Township the Ferriferous limestone is very patchy and
usually thin. The ore is somewhat more persistent than the limestone, but
in the greater part of the area it is also replaced by sandstones. Near
Coalgrove on the John Peters property the limestone is mined in a desul-
tory way for road and other purposes. A general section of the rocks
taken at this place and given below shows the relation of the limestone
and ore to other beds:

Ft. In,
Ore, Ferriferoms .......couieuuenutienetietnaieeeateennroannns .. 6
Limestone, Ferriferous ........cccooiuiiiianiirieennnnnnnans b3
Clay, siliceous, Clarion ............civiiiiiiiiiieneaannnn, 8
Sandstone, ganister ........cceeeriinriineeriaieiiiiieiiaienn 8
Sandstone, Clarion ........ccvvieiiirineaieinineinineinnnan 10

2Geol Survey Ohin. Fourth Series, Bull. 20, pp. 332-352.
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“North of this along the lower course of Ice Creek the limestone
and ore are somewhat steady. The Ironton Portland Cement Company
used this limestone for several years in the manufacture of their product,
but at present they use the Maxville which has great thickness and high
purity. A, C. Steece reports that in this locality the Ferriferous ore
varies from 6 inches to 1 foot 6 inches in thickness, and that the limestone
measures from 4 to 6 feet. Along Sugar Creek south of the Marion Road
the limestone and ore are normally developed, Near the road tunnel just
north of Ironton a small outlying patch of these rocks is found, while
along Storms Creek both beds are unsteady. The limestone is present
in patches along the course of the stream in the northern part of the
tewnship, while the ore extends with some wants well towards its mouth.
Much the same conditions as these are found along the course of Little
Storms Creek, for both members are seldom present in force.

.

Hamilton Township

“The Ferriferous limestone is wanting in eastern Hamilton Township
and in the western part it is represented more often by irregular masses
of flint than by limestone. The ore, however, is somewhat more persistent
than the limestone and has about normal volume. This bed varies in thick-
ness from a few inches to 1 foot 6 inches, but in places it is admixed
with irregular masses of flint.

Elizabeth Township

“As we pass from the river townships northward into Elizabeth,
both the Ferriferous members are present in force and with the char-
acteristic development for which they are noted, also-in Jackson and
Vinton counties, The beds extend in nearly an unbroken sheet over all
the township except that part west of Pine Creek, and that part south of
Little Pine Creek and west of Pine Grove Furnace, in which areas the
members are marked only by isolated patches of ore and flinty limestone.
About one mile north of Royer Station at the limestone mines of the
Hanging Rock Iron Company, the following measurements were made
under favorable conditions:

Ft.  In.
Ore N T Cheeraenn e ey .. 5
Ore, cak:arf:ous%F"rmf crous { ............ et .. 3
Limestone, Ferriferous .. ... oieeiieiruiiineineanaannnnnnn 6 3

“In local areas in this vicinity the ore has exceptional volume as it
expands to as much as 4 feet in thickness and appears to replace the en-
tire bed of limestone. Analyses show that the ore is of exceptional quality
also. In the vicinity of Pedro both limestone and ore are quite well de-
veloped, but in the exténsion of the members eastward to Storms Creek
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the limestone in many places is flinty and thin, while the ore holds normal
thickness. Where measured, the ore varied from 6 to 12 inches in thick-
ness, but the limestone seldom exceeded 5 feet. Near Lawrence Furnace
the limestone, where examined, was from 5 to 8 feet in thickness, while
the ore was from 2 to 10 inches.

“One mile west of Lawrence Furnace, at the mines of W. R. Maxey,
the limestone measured 7 feet 10 inches and the ore 8 inches. In this local-
ity, also, two irregular layers of ore are present in the shale that overlies
the regular deposit of Ferriferous ore. These upper beds each average
about 5 inches in thickness. At the head of Darby Creek the rocks ex-
posed measured as follows:

Ft. In
Coal blossom, Lower KiHanring .......c.c.eeeeeinencnneasonns 3 A
Clay ot e e e et 5
Shale and- covered ......c.veeeivinnneereneeenannnaaesaenns 15
Limestone, Ferriferous ........oooeiurrineeinnnninnnnnnnnnnns 6
Clay, Clarfon .......ccoiiniiiiiriieiiiiiinantennans teveena. 7

“On Cannons Creek, east of Lawrence Furnace, the Ferriferous lime-
stone is often flinty in character, but it has about normal volume. The
ore varies in thickness from 1 inch to 1 foot. E. B. Willard mines the
Ferriferous limestone by drifting near Bartles, where the following meas-
urements were obtained :

Ft. In
Ore, Ferrtferous . .......uuuuuniniinniieeeeaneeanainnnnann .. 8
Limestone, Ferriferous ......coouuueeuieiiiiannosanranannn 6
Clay, Clarion ........c.oiiiiiiiiiiiiiiiiieiiinaierenneans 6

“Near Center Station both the Ferriferous members have good
volume, and have been mined in a large way. The limestone is from. 6
to g feet in thickness, while the ore varies from 4 to 12 inches. On the
main ridge, south of Center Furnace, both members are generally present
in force. In Elizabeth Township, west of Pine Creek, small patches of
limestone and ore appear on the high knobs on the main ridge east of Irish
Hollow. ’

Decatur Township

“The importance of the Ferriferous members in Decatur Township
is attested by the fact that at least 6 charcoal furnaces drew all or a good
part of their supply of ore and flux stone from the beds in this area. The
volume and continuity of the members are excellent, and the direct asso-
ciation of the Clarion coal with them in the northern part of the township
also increases their worth. The members will now be described in a more
detailed way in order that the main features of these rocks may be rightly
understood. At the mines of Michael Riley, near Center Station, the fol-
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lowing record, which shows about normal volume of the members in
this vicinity, was obtained in the mines:

Ft. In
Sandstone ....oievciinenn. eeenen et eeteretanretiraaeaaean 15 e
Ore, Ferriferous ........ besveana NN e eareneisene ey . 10
Limestone, Ferriferous .......... PO e berrasan e 8 6
Clay, plastic, Clarion ........oiiiiirviriii i iiiiainanann,. 5

“In this locality the massive overlying sandstone forms an excellent
roof for safety and ease in mining. These same general conditions also
extend west of Center Furnace, where the following record was obtained
at the mines of the Superior Portland Cement Company :

. Ft. In
Sandstone, massive ......... e ecanarer st taasraea veaseren 15 ..
Shale «.eviverininnnenn veeraaae Cebeenaerereraanne erneeaane 1 6
Ore, Ferriferous ........... et e a e s eetan e e eaaene, .. 7
Limestone, Ferriferous ...ovueiinierinrrnnirinesersionnccnsns 7 ..
Shale ......... ttrecerareresianans Cereeeranean PR, o 8
Coal blossom, Clarion ........... et esiaieainertiraaaay . 1
Clay, CIarion ........ccouuiirirreirersiruiaasaseseensansennns 5 4

“In Branch Hollow, southwest of Moulton, the Ferriferous limestone
is somewhat patchy, and varies in thickness, when present, from 3 to 7
feet. The ore is quite steady, and is reported by David McFann to be
about 1 foot in thickness. Further, the condition of the beds near Moul-
ton is somewhat the same, while along the pike, near the head of Pine _
Creek, the limestone measured 6 feet. Near the mouth of Painter Creek,
north of Moulton, the following record was obtained:

Ft. In
QOre, Ferriferous, reported thickness ..................oove... - 10
Limestone, Ferriferous ........ et aneen e st i 7 ..
Shale ........ e et st rerereenaena e et .. 2
Coal and partings, Clarion ... 3 8

“At the mines of the Buckhorn Coal Company, near the mouth of
Nigger Creek, the ore, limestone, and underlying coal all have excellent
volume. The record obtained follows:

Ft. In
Ore, Ferriferomus «ooouuuroruaneneneescainasererorsessnenarns .. 10
Limestone, Ferrtferons o ooovereinriiiniiriirernnesnersssnes 7 ..
Coal and partings, Clarion ......o.oiieiiiiiinniinininenaes 3 10

“In Buckhorn Hollow the limestone is usually thin, while in places it
is wanting. The ore is rather steady, and in local areas is reported to ex-
pand to 2 feet or even more. The mean measurement of the bed, however,
is from 8 to 10 inches. Along Youngs Branch, and along Willow Run
also, the general features of the members are much the same as they are
in Buckhorn Hollow. : . .
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Symmes Township

“The Ferriferous members appear above drainage level in only one
locality in Symmes Township, which is on Buffalo Creek, in the vicinity
of the Rehmer School, where the following was measured:

Ft. In
Ore, Ferrifeross «.ooeveinnneiniincnnnncnes eeevrresetaraean . 4
Limestone, Ferriferous ....c.oviuriininiinscinorionssarennse 5 9
Coal blossom, Clarfon .....ocevueiierieeervanrnsonnssssssnnes 3

Washington Township

“Activity in the mining of the materials from the Ferriferous horizon
has been nearly continuous in Washington Township since the erection of
Olive Furnace in 1833. At present the ore is not regularly mined, but the

limestone is worked in a large way for road ballast and for furnace flux.’

The members extend entirely across the township, and with few excep-
tions have norma! volume and quality. Along Olive Creek, east of Olive
Furnace, the Ferriferous limestone has an average thickness of about 6
feet, while the ore is reported to measure about 8 inches. At Olive Station
the following measurements were taken:

Ft. In
Ore, Ferriferous ...... veerrennes RPN Chresran s .. 10
Limestone, Ferriferots ......oovvrnrvnreineanssneennenesnnens 7 ..
1] 7Y .. 2
Coal and partings, Ctamm N 5 4

“In the first hollow west of the furnace stack the limestone measured
6 feet and the ore 4 inches, while on Brushy Fork the ore in places is
replaced by a thick sandstone, but the limestone is present in force. On
the main ridge north of this both members are rather steady, but the lime-
stone is often flinty in character, and the ore replaced in restricted areas by
the thick overlying sandstone. On Brady Creek, near the Town House, on
the Ironton Road in Section 23, the beds have the following volumes:

Ft. In
Ore, Ferriferous ....oooinivnnninr i iaineieneraneas . 6
Limestone, Femjerou.r ...................................... G ..
SHAlE .ot iiin e e e .. 3
Coal and partings, C{anon .................................. 5 5

“Other measurements taken west of this along Brady Creek show
from 5 to 7 feet of limestone and from 1 to 10 inches of ore. In the
central part of Section 16 the Bear Run Mining Company mines by
drifting the Ferriferous limestone for flux stone at the Jackson furnaces,
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and the Clarion coal for the general market. Measurements taken at the
mine follow :

Ft. In
Ore, Ferriferous .......oouniiieiiiiiiiitaiieaaannnns .. 2
Limestone, Ferriferots .......ouueiiiueereeeeiinniineeennnnns 8 ..
1] T [t .. 2
Coal and partings, Clarion ............ciiiiiiiiieiniennnnn, 6 8

“Near the plant of the Portsmouth Refractories Company, in Sec-
tion 10, the limestone measured 6 feet and the ore 6 inches. East of this,
in Section 3, the measurements obtained follow :

Ft.  In.
Ore, Ferriferoths ........ouuin et iiiinean, 4
Limestone, Ferriferous .......covuiuiiieiniiinenniianieennns 7 3
1] 17 - .. 3
Coal and partings, Clarion ............cccooveeeeniinennann. 3 9

“In Irish Hollow and along the headwaters of Black Fork Creek
the Ferriferous members are very steady, and the limestone is mined for
road ballast and flux stone. The bed varies from 4 to 9 feet in thickness;
while the ore usually measures from 2 to 10 inches. A section taken
near the plant of the Cambria Clay Products Company is given below:

Ft. In.
Ore, Ferriferots ........oueiieeiinniriiniieanieraneenenees .. 4
Limestone, Ferriferous ........ccoiieriiiiiiiiiinnneennnnnn, 9 ..
) 17 1 .. 1
Coal and partings, Clarion...........cciiiiiiiiiiniinnnnnn 4

Economic Value

“During the days of the charcoal furnaces the Ferriferous ore was
the most important bed in Lawrence County, but owing to the influence
. of the Lake ores, and to the increased demands of the modern furnaces, it
has gradually decreased in influence from that time, so that at present
the member is an asset of small value. While the quality of the Ferrifer-
ous ore is inferior to the high-grade Lake ores, and while the stratum
is thin and variable, yet its relation to the furnaces in this region is such
that the bed is worthy of careful consideration. The ore lies directly
above the Ferriferous limestone, which association is also of interest.

“The Ferriferous ore is a persistent deposit, but varies considerably
in thickness in different localities. In the shale or clay above this deposit
one or more layers of kidney ore occur in parts of the region. These
are of the same general origin as the ore below, and consequently they
are given as a part of the Ferriferous ore deposit. The section near Law-
rence Furnace shows three rows of kidney ore which E. L. Lambert,
who has had a very extended experience in the region. says will average
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10 inches in thickness. At the mine of W. R. Maxey, west of Lawrence
Furnace, two rows of these kidneys are found, but at the limestone mine
of the Hanging Rock Iron Company, near Royer Station, only one layer
is present.

“The Ferriferous ore was seen in 23 places in Lawrence County and
the average thickness of the bed is 7 inches. On the whole, the bed is
somewhat thicker than this, as some of the exposures noted were on the
outcrop where the hed was thin and was worked but little during the days
of the charcoal furnaces. Where the ore was heavy it was benched to
deep cover, so that at present it is seldom seen under favorable conditions.
The average thickness of the ore is reported by various parties who
formerly mined it to be about 12z inches. The average thickness given
in the chapter on Lawrence County in the Report of Progress for 1870
for 135 sections is 1014 inches, which is probably near the true thickness.
In places the ore is very thin, only an inch or two being present. while in
a few localities it expands to 3 or 4 feet over small areas.

“The ore is of swamp origin. It was deposited in quiet waters
heavily charged with carbon dioxide, which precipitated the soluble fer-
rous salts brought in as ferrous carbonate. Under heavy cover the ore
still exists as the carbonate, but along the outcrop or under light cover
it has been oxidized more or less to ferric hydrates. The specific gravity
of the limonite ore will average about 2.9; while that of the carbonate
will run close to 3.5. Considering the ore 10 inches thick and 6o per
cent available, the yield per acre will be 1,974 net tons for the limonite
and 2.382 net tons for the carbonate. For the charcoal furnaces the ore
was mined mainly along the outcrop by stripping. Some small entries
were worked, but these extended only short distances under cover. Car-
bonate ores were difficult to smelt in the short stack charcoal furnaces,
so that only the oxidized or limonite ores were desired. Consequently the
main body of ore is scarcely touched as the deposit was followed only
along the outcrop.

“This deposit is generally too thin to be worked for the ore alone
with any economy. Too much material must he removed for entry ways
in order to get sufficient height. Ordinarily the roof is shale or clay,
either of which is hard to hold. Where the deposit will average 15 inches
or more in thickness, and where the roof is of good quality, it may be
mined advantageously. If the associated materials have a value, then
the ore may be mined with these. The ore and limestone are worked
together in a few places. In some cases the clay above is of excellent
quality and it may be mined with the ore. At the present price of Lake
ores, this deposit can be wined only in a secondary way, except in local
areas where it is well above the normal thickness.

“The quality of the Ferriferous ore varies hetween rather wide limits,



130 IRON-BEARING FORMATIONS

yet the average composition compares favorably with that of the low
grade Lake ores. The analyses given on Table II are instructive.

“These analyses show the general quality of the ore. It is non-
bessemer and best suited for foundry, but it can be used to good advan-
tage in making either basic or malleable iron.?

No. 1. Roasted ore from Pine Grove Furnace. Analysis "
furnished by the Hanging Rock Iron Company.

No. 2. Red ore from Etna Furnace. Analysis furnished
by Mr. Wm. H. McGugin.

No. 3. Red ore from Etna Furnace. Analysis furnished
by Mr. Wm. H, McGugin.

No. 4. Gray ore from Etna Furnace. Analysis furnished
by Mr. Wm. H. McGugin.

No. 5. Gray ore from near Gallia Furnace. Analysis

furnished by Mr. Wm. H. McGugin.

No. 6. Gray ore from near Howard Furnace. Analysis

furnished by Mr. Wm. H. McGugin,
Red ore from near Washington Furnace. Analysis
furnished by Mr. Wm. H. McGugin,

No. & Red ore from near Center Furnace. Analyst,
Mr. W, M. Barnett.

No. 9. Red ore from River Hills. Analyst, Mr. W. M.
Barnett.

No. 10. Red ore from River Hills. Analyst, Mr. W. M.
Barnett.

No. 11. Blue limestone ore, Washington Furnace. Report
of Progress for 1870, Geological Survey of
Ohio, pp. 182-3.

No. 12. Brown limestone ore, Washmgton Furnace. Re-
port of Progress for 1870, Geological Survey of
Ohio, pp. 182-3.

No. 13. Blue limestone ore, Cambria Furnace. Report of
Progress for 1870, Geological Survey of Ohio,
pp. 184-5.

No. 14. Limestone ore, Vesuvius Furnace. Report of
Pro§ress for 1870, Geological Survey of Ohio,

Z
o
“y

No. 15. Gray limestone ore, Vesuvius Furnace. Report of
Prcigxéess for 1870, Geological Survey of Obhio,
. 19

No. 18. Calcined limestone ore, reported by Mr. E. B.
Willard.

No. 17. Calcined limestone ore from Pine Grove Furnace,
reported by Mr. E. B. Willard.

Ore Comparisons

“In the comparison of the value of the Ferriferous or native and the
Lake ores, the following items are used:?

iSee Table IIL
3See Table INI
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Analyses from Various Sources of Ferriferous Ore
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Amount of ore smelted per day, 540 tons.

Cco
Ratio by volume of —— ==1.8 which is obtained with good practice,
) CO:
bases
Slag ratio =1L
acids

Pocahontas coke used for smelting and a standard limestone for flux.

“The figures for value of coke and stone delivered at Ironton, and
for the over and above cost used, are those supplied by Col. H. A.
Marting. :

Over and above cost per ton 2,240 Ibs. of ore smelted............ £1.00
Coke, per ton of 2000 Ibs, ... ittt 2.85
Stone, per tor, 2,240 1D5. L..i.iiiiiiiie e 85
Freight per ton ore, 2,240 Ibs, from Lake ...................... 90

The Hanging Rock Iron Company reports the following costs:

Cost of limestone per gross ton, 2,240 1bs., at furnace............ .85
Average cost of coke per net ton, 2,000 1bs. at furnace............ 3.05
Freight on Lake ore per gross ton, 2,240 lbs., at furnace........ 90
Over and above cost per ton ore, 2240 1bs. ........oovieeni.... 1.0936
Cost of limestone ore per gross ton, 2,240 Ibs. at furnace........ 1.92

Price of Hanna No. 1 ore used in comparison quoted bvy M. A.
Hanna & Co. for season of 1813, delivered at Ironton per
TON oo e &£4.04

Prices of Negaunee and Clinton silica ores quoted by the Cleveland-
. Cliffs Iron Company, delivered at Lower Lake ports are $3.57 per ton for
the former and $2.22 for the latter.

Cost of Negaunee ore at Ironton would be $4.47 per ton.

Cost of Clinton silica ore at Ironton would be $3.12 per ton.

The price of Adriatic ore quoted by Pickands, Mather & Co., delivered to
Lower Lake ports is $3.28, which at Ironton, Ohio, would be $1.18 per ton.

It has been the commeon practice in southern Ohio not only to cal-
cine the carbonate ores, but also the limonite or hvdrate types. Where the

ore is charged raw into the furnace the heat units used are as follows:

Fe:0s 3H.O 4 (214x4 = 836 calories) = Fe,0s 4 3H:0.
3H:0 + ( 54x592=—31,964 calories) = H:0 as gas.
34x200x.457 = 4,936 calories = specific heat carried out by gases
at 200° C.
Total =37,756 calories.
37756
This is == 176 calories per unit of ore.
214

I unit carbon gives 2,430 calories.



Comparison of Economic Value of Fe

Analyses of ore in natural state in per cent.

Result of smelting 100 pounds ore in the blast furnace on basis of

B 8 & o " &
g - & b g y E g

L - g g | =g | B S | % | 5| .8

g & 8 & :?5 ] ] g 8 § g%

Description of ore. ) £ 3 3 & Sy 2 - 9 9 & | mg

@ o- a 2 3 36 3 Ty g ¢ Eg | & | £ | &8

: s E LB oo T R Bl se| 2| : 3| BB 7|

; £ . 8 £ E S g °g S g S & .| B 2 | "%

. o g ) Ea [ & —g = = 2 a ["=1 .8 B} Y 0 03

g 2 3| E| & | B sl 5| 8| 2 2 g5 | s& | &3 % ¥ sg | % 2 | 28

& @ 2| 4| =2 | & 2| a | 2| = S S 4 2 & 7 @ Se| & |6
No. 1. Ferriferous, carbonate .............. 37.96| 4.76| 3.22| 3.96 36|.220 B0 Lo 28.88| 3.32| 266.35| 5,492.05 178.91| 2,380.94| 41.343| 16.50 6.39| 39.101 100{ 2,145]
No. 2. Ferriferous, limonite ................ 48.25| 4.42| 3.76] .71| tr. |.260 1Al Loaes 8.52| 11.31 256.19| 5,533.36| 172.24| 2,292.19| 52.646| 16.46| 12.51| 40.81 100| 1,758
No. 3. Ferriferous, limonite ............... 37.80| 19.64| 3.04 2.70 29).136 64 ... 13.52| 4.39| 283.04) 6,023.86]| 193.28| 2,572.24| 41.262| 48.12| 38.49| 42.06/ 100 2312
i Excess

No. 4. Ferriferous, carbonate, gray ......... 34.95| 7.63| 2.17| 8.60| 1.99|.182 85 24.10f 3.20| 243.12| 5,020.73| 166.49| 2,215.65| 38.184| 21.30 36( 36.68f 100( 2,179
No. 5. Ferriferous, limonite ............... 42.79| 1297 3.13| 3.84 .14{.207 73 849( 7.68| 269.31| 5,717.71| 184.32| 2,452.90| 46.640| 34.42| 24.18| 42.14| 100| 2,049
No. 6. Adriatic, Lake ore ................. 50.00| 10.02| 1.98] .33 191 .0672 2470 4.01( 11.50| 271.20( 5,773.18| 185.12| 2,463.60| 53.969| 24.71| 21.60| 43.42| 100| 1.825
No. 7. Negaunee Lake ore ................ 51.14f 7.91| 2.04| .67 15(.081 21 s 3.50| 12.15| 265.89 5,664.52| 181.50| 2.415.36| 55.157| 20.27| 17.09 42.99| 100| 1,768
No. 8. Hanna No. 1, Lake ore ............. 48,85 5.06| 3.38] .25 18(.073 98 ... 481| 14.81| 261.56| 5,634.55| 176.05| 2,342.31( 53.350| 17.13| 14.52| 41.80| 100| 1,777
No. 9. Clinton Silica, Lake ore ............ 45.24| 17.24| 1.78| .20 16{.074 200 Loosiare 2.80| 12.70| 292.86| 6,219.87| 200.83| 2,672.67| 48.898| 40.30| 36.60| 44.94| 100| 2,084

1 Based on costs furnished by Col. H. A. Marting.

2 Based on costs furnished by Hanging Rock Iron Company.



riferous Ore with that of Lake Ores v TABLE IIT

S

smelting 540 gross tons per day. Costs per ton 2240 pounds ore. Basis smelting 540 gross tons per day.! Costs per fon 2240 pounds ore. Basis smelting 540 gross tons per day.?
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140 61 4.02] 14.71| 26.49| 54.78 1.8] $1.00| $1.92] $0.0543| $1.2481| $4,2224| $0.111233| $0.102131| $10.34 $2.73| $1.0936 || $1.92( $0.0543| $1.3357| $4.4036| $10.78 2.70
136 56| 13.55| 12.18| 21.13| 52.34 1.8 1.00| 1.92 1063 1.3027 4.3290 089720 .082229 8.33 4.00] 1.0936 1.92 1063 1.3941 4.5140 8.68 4.00
143 61| 10.26] 12.78| 23.01| 53.95 1.8 1.00f 1.92 C.32d72 1.3426 4.5898| .121423 111236)  11.26 2.36 1.0936 1.92 32721 1.4368| 4.7776 11.72 2.31
redit Credit
137 60| 3.95| 14.39| 25.89| 55.77 1.8 1.00| 1.92 0031 1.1708 4.0877 116959 107053  10.84 248 1.0936 1.92 .0031 1.2530| 4.2635 11.31 2.44
136 38| 9.72| 12.88| 23.19| 54.21 1.8 1.00| 1.92 2055 1.3451 4.4706 104478 1095853 9.71 3.13 1.0936 1.92 2055| 1.4395 4.6586 10.11 3.11
133 57 10.30| 12.80| 23.00| 53.90 1.8 1.00| 4.18 .1836 1.3860 6.7496 1349921  .125064| 12.66 4.00) 1.0936 4.18 1836 1.4832 6.9404 13.02 4.00
132 56| 10.47| 12.73| 22.91] 53.89 1.8 1.00( 4.47] .1453 1.3722 6.9875 136635 .126684| 12.83 4.20| 1.0936 447 1453 1.4685 7.1774 13.18 4.20
135 56 13.06 12.34| 22.21| 52.39 1.8 1.00] 4.04 1234 1.3343 6.4977 133013 121794 12.33 4.04 1.0936 4.04 1234 1.4279 6.6849 12.69 4.04
138 59| 9.75| 12.84| 23.11| 54.30 1.8 1.00f 3.12 3111 1.4345 5.8656 129655 .119956| 12.15 3.21 1.0936 3.12 3111 1.5352 6.0599 12.55 3.19
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The gases produced in combustion carry out at 200° C.

-

] 7
— units CO = — x 200 x .308% = 144 calories.

3 3
307.6 307.6 217 .
e (3pits Nz =z x 200 x .2488 = —— calories,
69.3 361

Se irom combustion of 1 unit carbon the available heat units are 2430361
76

= 2069 calories. This means if the ore is charged raw an addition of———or 083
i 2069
units of carbon are required.

Considering coke 90 per cent carbon the requirement for roasting 2,000 pounds
of ore, radiation losses neglected, is 189 pounds.

\Where calcined in kilns with carbon for fuel, and if burned with per-
fect economy, the results are as follows:

'Total requirement for expulsion of water same as before, 87,756 calories or 176
calories per unit of ore.

1 unit carbon gives 8100 calories.
The gases produced in combustion carry out at 200° C.

11 11
—3— units COz == — x 200 x .414 — 304 calories.
3
615.2 615.2
units N ==

x 200 x .2448 = —~ calories.
738

Available heat then is 8100—738 calories = 7362 calories. The fuel requirement is

176
e or 024 units carbon per unit ore.

L

Considering the fuel go per cent carbon, the requirement for roast-
ing 2,000 pounds of ore is 53 pounds. Radiation losses are not considered
in the above, and the loss of heat due to air excess is neglected. The dif-
ference in fuel between calcining in the furnace, and in special kilns, is
thus only 136 pounds per ton of ore. This saving is far overbalanced in
loss of material, labor, etc., during calcination.

The common practice with furnace operators at present is to carry an
8 per cent water burden. This means 8 per cent of the total weight of
the stock is water. The main reason is to keep the top of the furnace cool,
which holds the reduction zone in the proper position. The water carries
out the heat from the top of the furnace, thus keeping down the tem-
perature. It is not important whether this is the hydroscopic or combined
water from the stock. When dry stock is charged this zone is too near
the top, which results in abnormal! working of the furnace. So raw ore
should give better results than the calcined. W. M. Jefferys, superin-
tendent of The Hanging Rock Iron Company, reports:

“The ore located on our property in Lawrence County is what we
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usually term limestone ore. It is found in two grades, the red and the
gray. In former years this ore was calcined before using it in the fur-
nace, but for the past year the Hanging Rock Iron Company has aban-
doned this method of treatment and is now using the ore in the natural
state, and the results from same are excellent.

The calcined ore is less firmly bonded than the raw ore. It is
fragile, consequently considerable ore is lost in the form of dust, owing to
the extra handling involved in calcination. The cost of preparing the
ore for roasting either in piles or kilns must be considered, and also the
interest on the money invested. Considering the points both for and
against calcination, the latter outweigh the former. The best economy is
obtained by using the ore in the natural state.

- SCIOTO COUNTY !

“The Ferriferous ore, Vanport or Ferriferous limestone, and Clarion
coal and clay, of the Allegheny formation are poorly represented in Scioto
County, as they are found only on the high knobs and ridges in the eastern
parts of Bloom, Vernon, and Green townships. The Vanport or Ferrifer-
ous limestone, which extends with some wants across eastern Scioto
County from Jackson County on the north to the Ohio River on the south,
is generally thin and often flinty. However, in local areas in northern
Bloom Township, this member is present in force. The Ferriferous ore
has better continuity, and has about the same volume throughout its extent.
As these members are so closely associated, general sections showing their
stratigraphy and extent will be given instead of considering each bed
separately.

Bloom Township

“The Clarion coal and the Ferriferous ore and limestone in Bloom
Township are confined to small areas on the main ridges in sections I, 5,
6, 7, 8, 19, 20, 25, 29, 30, 31, 32, 30, and sections 5 and 6 south. The most
important area is that west of Eifort where the members all have normal
volume. The strata exposed at the mines of Morgan & Horton, west of
Eifort, in Section 5, show about the average thicknesses and relations of
the various members when normally developed. The measurements follow :

Ft. In.
Ore, Ferriferous ........vvviivrivnernnrraceanoaencacannaann, - 5
Limestone, Ferriferous ...oveeeeceenraervneeraeercanenaninens 8 ..
Shale, draw slate .......ccoiriiimninr i i, .. 4
Coal ] (oo 1
Cay | o e e e, .. 4
Coal Clarion ! .................................... 1 7
Clay, impure |l e 1
Coal - { .................................... 5
L8 PP 2

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 590-598.



PENNSYLVANIAN SYSTEM 135

“The structure of the deposits in sections 1 and 6 is practically the
same as the above. The small pockets of limestone and coal on this
horizon, found in the high knobs in the southeastern part of Bloom Town-
ship, have been worked to a small extent, but the strata were not favor-
ably exposed for measurement. The Clarion coal, however, in most of this
area is thin or decayed, while the limestone is usually very flinty in char-
acter, -

Vernon Township

“In Vernon Township the Ferriferous limestone with its associated
ore, and the Clarion coal and clay are found on all the high ridges east of
Pine Creek, but west of this stream the beds are present only along the
main hill and spurs of what is known as Clinton Ridge as far west as
the western part of Section 22. The Clarion coal is not well developed,
however, in the areas south of Howard Run and east of Pine Creek, or
in those on Clinton Ridge, while the Ferriferous limestone thins or be-
comes patchy in its extension southward and westward. The Ferriferous
ore is far more persistent than the limestone, but it is often completely
replaced by massive sandstone. The beds have only local value. In Section
1 the Clarion coal, which is mined for local use, and the Ferriferous lime-
stone and ore have about their normal volume. The following record was
obtained from an outcrop exposure: :

. Ft. In.
Ore, Ferriferous ........... raeras ceaann Creeieneeii e . 4
Limestone, Ferriferotts .. ... .o viiiiineeineiiriiniocannenns 8 ..
Coal, Clarion, ot OUICTOD . .vvevevrnrnnrereenssseatvsoneacanns 3 ..

“On Clinton Ridge the Ferriferous limestone is stated to vary from
2 to 7 {eet in thickness, while the Clarion coal is reported to be of no value,
as it is thin and rotten. The Ferriferous ore is quite steady, and was
formerly mined along the entire ridge. The thickness of the ore varies
from a few inches to about 1 foot. The Clarion clay has good volume
but is siliceous in character,

Green Township

“In Green Township the horizon of the Clarion coal, Clarion clay,
Ferriferous limestone, and Ferriferous ore extends westward on the main
ridge to about one mile west of Ohio Furnace. The Clarion coal is marked
only by a smut streak, but the Clarion clay, although quite siliceous in
character, is fromx 2 to § feet in thickness. The Ferriferous limestone is
traced by scattered lenses of flinty or cherty material. The most constant
of these members by far is the Ferrifercus ore, which varies in thickness
from 3 inches to about 1 foot 6 inches, and which was mined by stripping
along its entire outcrop during the days of the charcoal furnaces.
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Economic Value

“The Ferriferous ore was highly prized by the charcoal furnace
operators, as it gave a good yield and as it made foundry iron of the
very best quality. The most successful furnaces were those in this ore
belt. The area of ore in Scioto County is small as the bed is confined
to isolated tracts near the summits of the hills and ridges in the eastern
parts of Bloom, Vernon, and Green townships. The quality of the ore
has been fully described in the report on Lawrence County; hence the
subject will not be considered here.”

v

GALLIA COUNTY

*“The Ferriferous ore was the most important bed of rock in southern
Ohio during the palmy days of the charcoal furnaces, for it was along
the outcrop of this ore that the industry flourished best. It was the main
reliance of the furnaces, and, when these ran, times were good, for work
was plentiful and brought a fair reward, and trade was active, for the
farmer and merchant found a ready market for their products. The iron
produced commanded the highest market prices, for its excellence was
known far and wide; hence fair returns on the money invested were
realized by the stockholders. To the Ferriferous ore, then, much of the
early activity and wealth of the area must be credited. Since this time,
the importance of the Ferriferous ore has diminished, until at present it
can be considered an asset of only small importance, for these furnaces,
with one exception, are known only by abandoned stacks or by heaps of
cinders.

“The Ferriferous ore lies directly above the Ferriferous or Vanport
limestone. Usually the ore and limestone are separated by a thin parting,
but in some localities the two beds have so coalesced that no line of de-
marcation is recognized. The thickness of the deposit is variable. Where
observed in Gallia County the measurements show from 1 inch to 1 foot,
but in restricted areas it is reported to have a thickness of 2 feet. On the
outcrop the ore has a decidedly concretionary or blocky structure, but
under heavy cover this is not so apparent. The iron was laid down as
ferrous carbonate with a small amount of admixed argillaceous and cal-
careous ingredients. Along the outcrop or under shallow cover the fer-
rous carbonate has weathered to the hydrated ferric oxides. It is then
classed as a limonite ore. )

Greenfield Township

“The Ferriferous ore is found along Lefthand Fork, in Section 7,
Greenfield Township. Here, as it was mined by stripping for use at Cam-
bria Furnace, during its active périod, the ore is not well exposed for

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 815617,
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measurement, but is reported to vary from 3 to 12 inches in thickness.
- The ore has good volume evidently in Kokeene Hollow, since it has been
benched to deep cover. Wesley Clarkson states that, while the deposit
varies in thickness from a few inches to 2 feet, the average measurement
is from 6 to 10 inches. The thickness of the ore conforms in a measure
to the irregularities of the upper surface of the limestone below, because,
where there is a low depression in the limestone the ore is quite thick, and
conversely, on the most elevated portions, it is thin. The thick deposits of
ore are, with few exceptions, local. In Pokepatch Hollow the best deposits
of ore are reported to have a thickness of about 1 foot. The ore is thin
and flinty where it appears at the surface of Dirtyface Creek, in Section
29, Greenfield Township. In the mine of N. A. Wood, at Gallia, the
Ferriferous ore is well exposed, and its thickness is probably typical of
the entire locality. The thickness 'varies from a mere stain to 8 inches,
but the average measurement is about 3 inches.” North of Gallia, where
exposed in thé®cut of the Cincinnati, Hamilton & Dayton Railway, the
ore measures § inches. At the abandoned Black Diamond mine, in Section
9, Greenfield Township, the ore is again well exposed in the prospect mine,
found near the base of the hill:
Ft. In

Ore, Ferrtferons .......uouunein e itannsieaiiireneressnnenns .. 10
Limestone Ferriferosts .. .. i it i 3

Huntington Township

“The Ferriferous ore is found above drainage in one locality only,
in Huntington Township, which is along Little Raccoon Creek, in sections’
7 and 18. Because the bed was mined by stripping for use at Keystone
Furnace, outcrop exposures were seldom seen, but from a few observations
and reports, the thickness of the ore is estimated to vary from a few inches
to 1 foot. No information is at hand in regard to the thickness and char-
acter of the Ferriferous ore under heavy cover.

Economic Value

“The economic value of the Ferriferous ore at present is small, for
the great ore beds of the Northwest now supply at a low cost the necessary
demands of the iron industry. The bed is too thin to be mined for the
ore alone, but it has a fair value as a secondary product when mined with
the limestone below. Under heavy cover the iron present is in the form of
ferrous carbonate, hence the ore must be classed as a siderite, but along
the outcrop and under shallow cover this compound has been oxidized to
the hydrated ferric oxides, so the ore here belongs to the limonite class.
The charcoal furnaces were able to smelt successfully the oxidized ores
only, consequently mining was confined mainly to stripping, and hence the
great bodies of ore in the hills are yet untouched. The quality of this
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native ore compares favorably with that of the siliceous grades of Lake
ores now on the market. The Ferriferous ore in the natural state carries
from 30 to 55 per cent iron, from .10 to .35 per cent metallic phosphorus,
and from .40 to 1.25 per cent manganese. It also contains small amounts
of lime and magnesia, which therefore decrease the necessary addition of
flux stone and promote early fusion of the slag. Thus its composition is
such that it requires no mixing with other ores to produce, on smelting,
foundry iron of the best quality. The ore has a high content of hydroscopic
water and of volatile matter, which when expelled by heat leave the struc-
ture open or porous, a condition very favorable for ease of reduction by
furnace gases. Owing largely to its physical condition, the Ferriferous
ore was readily reduced in the short stacks of the charcoal furnaces while
the Lake ores, which are more compact, were smelted with difficulty. The
operators of today say the ore works well in the coke furnaces, but they
complain that the amounts readily available are too small to form a regular
part of the burden. The worth of the bed to future géfi®fations can not
be predicted, but its value to the country during the days of the charcoal
furnaces will scarcely be surpassed.

JACKSON COUNTY*

“The next members of value in the ascending scale are the Ferriferous
or Vanport limestone, and the Ferriferous or Baird ore. They are directly
associated, seldom more than a bedding plane or an inch or two of shale
scparating the two. The Ferriferous ore was the main reliance of the
.0ld charcoal furnaces, and is used at present [1916] by Jefferson Furnace,
the only charcoal stack in the state in blast. The Ferriferous limestone
was the principal source of flux stone for the charcoal furnaces, and is
used some at present by the modern furnaces in the region. The history
cf the iron industry in the Hanging Rock District, both past and present,
is interwoven with descriptions or references to these members. The
Ferriferous limestone and the Ferriferous ore are found in a very small
area in Hamilton Township, but they extend along the main ridges over
most of Jefferson Township. The areas in which the members are presem
in the eastern parts of Franklin, Lick, 'and Coal townships are also very
small, These beds are represented in force, however, in Madison, Bloom-
field, and Milton townships. The following pages give a more detailed
description of the areas, but contain only a few records, as many measure-
ments in which the thickness of the beds are shown have already been
given.

Hamilton Township

“The Ferriferous limestone and ore are found in Hamilton Township
only in Section 36, where the beds are exposed near the summit of the

1Geol. Survey Ohio, Fourth Series, Bull. 20, pp. 217-227
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main ridge in the extreme southeastern part. The limestone, which is
from 5 to 7 feet in thickness, is generally flinty in character.

Jefferson Township

“In Jefferson Township the limestone and ore are present in 24 of
the 36 sections, being absent in 8 sections in the northwestern part. These
members are found near the summits of the main ridge and spurs run-
ning northeast from Section 31 to Jefferson Furnace, in Section 14. In
the eastern part of the township the horizon lies about halfway up the
hills, thus increasing the area of the deposits. At the mines of the Wash-
ington Coal Company near Monroe, the limestone has good thickness,
but the ore is reported generally thin. The section taken at the mine
follows"

Ft. In
Ore, Ferriferous ....ooooiunnunniiuiiiaeeiaeniniiaenaneans .. 3
Limestone, Ferriferous ............... v tceee e aaann 7
Shale v ivviiiieiiinic i S eterencnaeaa s .. 4
Coal Y Heeieiiinan Ceveserrae e 1
Clay ] i 3
Coat Clarion {...c.viiiie it 1 6
Clay, sulphur band | |..orimmiomiii e 1
Coal . l .............................. 6

“On land of the Diamond Brick Company, Section 25, the strata
measured as follows:

Fi. In
Ore, Ferriferous ............ooiiiiirieiiieaininiaenanns .. 4
Limestone, Ferrfferous ......ooveiiiiiiiriiininiiannnnenns 7 ..
Coal and partings, Clarton . ........ovrriniiniireaennannns o1 9

“On the land of the Jefferson Iron Company near Mt. Horeb Church,
in Section 15, the ore is being mined for furnace use. The section taken
follows:

Ft. Inm.
Ore, Ferrtfeross «.o.ovunenueme ettt iraenenns .. 10
Limestone, Ferriferons . ....co.vueeireinreeiareaeenensenenenn 5
Coal blossom, Clartor .. ... .. ... .. . .. iiiiiiiiininaia. 3

Madison Township

“The Ferriferous limestone and ore are found well above drainage in
the western part of Madison Township, but owing to the dip eastward
they pass under cover near the central part. As no drill records are avail-
able the conditiofi of the members in the covered area embracing Sections
1,2, 11, 12, 13, 14, 23, 24. 25, 26, 27, 28, 33, 34, 35, 30 and Sections 1, 2,
and 3 south are not definitely known, but both beds are somewhat steady
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where they disappear below cover. In Section 6, on the land of Margaret
Evans, the following rocks were measured:

Ft, In
Ore, Ferriferous, reported thickness ,............c.ceeeeennnn. .. 3
Limestone, Ferriferons .......covvreenineeniararnrieneenens G ..
Coal and partings, Clarion ... ....coviriiiiinnninnnaiannnn, 3 4

“In the northwestern part of the township, in small areas, both the
limestone and ore are wanting, while at other places only the ore is
present. This condition, where the limestone is absent, but the ore con-
siderably thickened, is shown in the following section, taken on land of
F. H. Quick, near the center of Section 7:

Fr. In
Ore, Ferriferots ....oovvvvvnninninnanns e iieaear e, 1 6
Coal, Clarion, reported thickness ..........coivvvinaioennnn 2 6

“In the northern part of the section on the same property the ore
measured only 3 inches, while the limestone had a normal development.
Near Madison Furnace, in Section 5, the thickness of the limestone is
7 feet, and of the ore 10 inches. The Ferriferous limestone and ore are
usually present, but are often flinty in character 'in sections 3 and 4. The
thickness of the limestone observed along the outcrop is from 3 to 7 feet,
while that of the ore is from 2 to 10 inches. These conditions also hold
true in sections g and 10. On the average the beds are somewhat thicker
in sections 16, 17, and 18, but locally the limestone may be flinty in char-
acter, The following measurements illustrating the members when in
good volume were taken along the road east of Moriah Church, in Sec-
tion 16:

Ft. In
Ore, Ferriferoms ... rienariinneianerraneennen .. 4
Limestone, Ferriferous, part flinty........ ... ..., 10
Coal-and partings, Clarion ........ .. ciiiiiiiiiiirnnininnns 4

“In the western part of Section 1g, on the land of Arizona E. and
Myrta L. Evans, the kidney ore in the shales above the Ferriferous ore
was noted. This ore is found in many places in Lawrence County, but
it was seldom observed in Jackson County. The section which follows
shows its position:

Ft. I,
Ore, Kidney ... i i it iaeennnns .. 4
1) £ 1 3 ..
Ore, Ferriferous «.oooveiniininiiniaiistnititanienncannens .. 10
Flint ] X . 10
Limestone { Ferriferous o 5 ..

“The usual thickness of the Ferriferous limestone, where observed in
sections 20, 21, and 22, is from 3 to 7 feet, but in some localities it is
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flinty, while in restricted areas it is wanting. The thickness of the ore
where exposed for measurement was from 3 to 10 inches. Both limestone
and ore are quite steady in sections 31, 32, and sections 4, 5, and 6 south.

Franklin Township

“The Ferriferous limestone and ore in Franklin Township are found
only near the summits of the high ridges and hills east of the Franklin
Valley. In the southern part of this territory they are found in sections
23, 24, 25, 26, 35, and 36. On the property of Albert Evans, in Section
36, the limestone exposed on the outcrop measured as given below:

Ft.  In.
Limestone, Ferriferous, somewhat weathered, very flinty ....... 3
Clay shale, soft ........ Ceenanas e et eiaeaaseieaas 2
Coal and partings, Clarion ..........ccooiiieiiivinnnnnienn. 4

“On the property of James A. Hensen, in Section 23, the exposure
of limestone and ore was measured with the following results:

Ft.  In
Ore, Ferriferous ..o eerasnrrernanesneanerrenans . b}
Limestone, Ferriferous .......ccoiurernienreanoenncieniunns .7
Coal and partings, Clarion ........covoviiinnirnerrnnivenanann 4

“A small area of flinty limestone was found near the summit of the
ridge in the southern part of Section 2, but no measurements were made
In Section 1 small patches of limestone and ore were found, but the mem-
bers are unsteady, as they are partially replaced by heavy sandstones,

Bloomfield Touwnship

“The. Ferriferous limestone and ore are well represented in Bloomfield
Township, where the latter was formerly extensively worked for the char-
coal furnaces. In the western part of the township the beds are found near
the 800 foot contour. In the southern part they dip below drainage along
the headwaters of the eastern tributaries of Symmes Creek, but in the
northern part they disappear along the course of Little Raccoon Creek
south of old Keystone Furnace. A few sections showing the thickness of
the limestone and ore, measured where best exposed along the outcrop,
will be given. A record obtained at old Limestone Furnace, in Section 32.
is given below:

Ft. In.
Ore, Ferriferous, formerly mined, not seen.
Limestone, Ferriferous ......ooooi i iiiiniiiienanaennunreennn 7 ..
Coal, Clarion «..vvenn oo rneneeeneueaanernesarasonnesencneans 4 4

“In Section 29 the Ferriferous limestone and ore have good volume.
The general thickness of the limestone is from 3 to 8 feet, while that of
the ore is from 2 to 10 inches. These members pass below drainage in the
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western parts of sections 28 and 33, and in" the northern part of Section
27. They are completely covered in sections 24, 25, 26, 34, 35, and 36.
The following record obtained on the land of the Southern Ohio Portland
Cement Company, in Section 20, shows the character of the beds in this
locality :

Ft.  In,
Ore, Ferriferoms ...ovu i uiintriiieenanrencnsesianensnnens 1 .
Limestone, Ferriferous . .oo.eireeeeananvriannerascsnceannnns ¥ .
Coal and partings, Clarion ... ....oiviiiiiiiiiriiriienannnans 4 5

“In this locality the ore has excellent volume in restricted areas as it
thickens to 2 feet 6 inches. In sections 16, 17, 21. and 22, the limestone
is from 6 to 8 feet in thickness, and is quite persistent. The ore usually
measures from 2 to 8 inches, but it often exceeds this. The rocks noted
on the land of Taylor Munyon shows good development of the limestone
and ore. The record follows:

. Ft. Inm.
Ore, Ferriferous ..ovvvriaiieiiiiiiiieiniovicerainrersansss .. 4
Limestone, Ferriferous ....... e it eraeiea e, 7 .
Shale .....ccvo.... Cerveneennan rercenenn feveerareasacnreans e 4
Coal and partings, Clarion ...........coveveviiiivininnaan, 4 10

“In sections 13, 14, and 23, the Ferriferous limestone and ore are
rather unsteady, although both are well developed in local areas.

“Only small pockets of limestone and ore are found on the highest
knobs in sections 30, 19, 18, 7, and 6, and in sections 5 and 8 the areas
are not large, and, where exposed, the limestone is usually somewhat flinty.
The members are thin or wanting in parts of Section 4, but have medium
thickness in Section 9. On land of Anna Dillinger, in Section 3, the rocks
exposed gave the following measurements: -

, Ft. In.
Ore, Ferriferoms ... iinesearessrncrcsnareveenns .. 5
Limestone, Ferriferous .....cvovevriniaciiociasenrncrarnennan 7 ..
Y T [ .. 2
Coal and partings, Clarion ....... .ottt iiiiinonnan 4 4

“On land of the Superior Colliery Company, in the same section, the
limestone on the outcrop measured 7 feet in thickness, and under heavy
cover it is reported to reach 10 feet, while the ore varies from an inch or
two to over 1 foot, but it has an average measurement of about 6 inches.
The heavy sandstone above replaces both ore and limestone .in parts of
sections z and 11, but, when present, the members have about the normal
development. A section taken on land of W. L. Perkins, Jr., in Section
11, is given below:

Ft.  In
Ore, Ferviferous .............. vereae PR AN - 4
Limestone, Ferviferous ....... weverenunen Crevererenastnnrans . 8 8
Shale ....... N v aresbeeareaaaaraaa. 6

Coal blossom, CIarom .......coouuiriieininnerrrueenionnen. 4
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“In sections 1 and 12 the limestone and ore are quite unsteady. At
many places they are completely wanting, while in some localities the coal
below has also been replaced by sandstone.

Lick Township

“The Ferriferous ore and limestone in Lick Township are confined
te the high hills and ridges in the eastern part. The areas are generally
small. Owing to shallow cover in much of the area the limestone is con-
siderably weathered, but the ore has good thickness and quality. The
members are confined to Sections 13, 14, 23, 24, 25, 26, 35, and 36. On
the land of Luther D. Johnson, in Section 35, the following measurement
was taken: -

Ft.  In.
Flint § ipppi 1 S 6
F
Limestone, flint, and ferruginous clay| Nﬂfmms} ............ 1 ..
Shale, dark . ...t i i e e e 1 4
Coal, Clarion, seen ..........c.ouiiiieeiveennanieeneeaenaannns 3

P

Coal Township

“In sections 11 and 12, Coal Township, near the Walnut Grove
School, the horizon is represented by thin, flinty, irregular pockets of
limestone with nodular ore. The Ferriferous limestone and ore were not
found in Washington Township.

Milton Township

“The beds are valuable again in Milton Township, for the Ferriferous
ore or limestone is represented in every section except 6 and 31. They
were extensively used during the early period of iron making in Milton
Township by the charcoal furnaces Jackson, Latrobe, Buckeye, Cornelia,
and Lincoln, and also later by the coal and coke furnaces Eliza, Milton,
and Wellston, but at present neither the ore nor the limestone is regularly
used. In Section 29, near Latrobe Furnace, the ore is reported to vary
in thickness from 2 inches to 1 foot 6 inches, but to average from 5 to 8
inches. The limestone is from 5 to 7 feet in thickness, but in some locali-
ties the upper part is very flinty. This character is shown in the following
section, which was taken at the mouth of a coal mine just south of the
old furnace:

Ft. In.
Flin: i Ferviforous 1*777 o im e 1 6
Limestone, good { erriferous 3 ..
) ) LS N 1 5
Coal and partings, Clarion ... ... ... ... .. . .coiiina. 4 11
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“Along Tarcamp Creek, in sections 28, 33, and 34, the members are
quite unsteady, but the ore is more persistent than the limestone, and this
condition was found also in Section 35. On Greasy Run, in Section 36,
on the land of the Superior Colliery Company, the rocks exposed and
measured are given in the following section:

Ft.  In.
Sandstone, shaly ......... ... i, e 20
Limestone, Ferriferotts .....oioeiieeeeiicninearoennnnenns 8 ..
Coal and partings, Clarion . ....... ... .. coiiiiaiiiiiiena. 1 11

“In sections 25, 26, 27, in some localities the massive overlying sand-
stone replaces the limestone and ore. Along the road west of Little Rac-
coon Creek, in Section 26, near Buckeye Furnace, the thickness of the
beds observed is as given below:

Fi. In
Ore, Ferriferoms oo uenninoeirareea e eeiroreniianneenen .. 4
Limestone, Ferriferous .. .......cvveeneuereesinsensesnenennns 5 6
Coal and partings, Clarfon ... ...t iiineannns 3

“In sections 17, 18, 19, and 20, the upper part of the limestone deposit
is often flinty in character, while in local areas the member is thin or
wanting. The ore was mined along the outcrop for the charcoal furnaces,
but is reported to have an average thickness of about 6 or 8 inches. On
land of V. A. Pettinger, in Section 17, the limestone has about its normal
thickness, and is of good quality. The record obtained follows:

Fr.  In.
Ore, Ferriferous, reported thickness ...............cociio... .. 5
Limestone, Ferriferows ... ....oooiiiiiiivriunnreaaaninnnn 6 ..
Shale i e e I | 6

Coal and partings, Clarion ...........coieviininnennnenns.s 1 6

“This flinty phase of the Ferriferous limestone is also noticeable in
sections 16 and z1. On the land of J. H. Scurlock, in Section 16, the
limestone member, where exposed for measurement, gave the following
record :

Fi.  In.
Flint. ) _ . f e 2 3
Limestone S Ferrifcrous R T R T T . 3 3
ShalE ettt e e e e e 1 8
Coal and partings, Clarion .......... ..o nnnnns 1 3

“In sections 15 and 22 the members are again somewhat unsteady;
further when present the limestone is often flinty in character. East of
this in sections 14 and z3 the beds are seldom present. There is a belt
extending from near Keystone Furnace northward to Lincoln Furnace,
in which the Ferriferous limestone and ore are very uncertain, for the
beds in much of the area are partially or completely replaced by massive
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sandstone, the thickness of which varies from 10 to 50 feet. In some
local areas this sandstone lies unconformably on the Clarion or Hecla
below, thus replacing the Clarion coal also. In Section 24, along Buffer
Run, the members are somewhat more persistent, which is the case also
along the headwaters of Rich Run, in sections 12 and 13. Near the No.
1¢ mine of the Superior Colliery Company the following measurements
were obtained :

. Fr. In
Ore, Ferriferous ] [ ............................. .. 4
Limestone, flinty } Ferriferous {....... ...l 1
Limestone, good | I 4 ..
17 LS 2 6
Coal and partings, Clarion .......... .. iiiiiiviirinenannn, 4 4

“Along Rich Run, in Section 11, the Ferriferous ore and limestone
are generally wanting. In the northern part of Section 2, on the land of
the Valley Coal Company, the members were exposed for measurement,
and the record taken follows:

Ft.  In.
Ore, Ferriferous ...t eaiinercacoanennnases .. 5
Limestone, Ferriferous ........ e trrerieians e teercaiaaaa 6 8
L0 ST L 2 4
Coal and partings, Clarion ........ccoivininiarisneinnans 4 6

“In Section 10 only a few pockets of limestone and ore were seen
while the members are also unsteady in Section 3. On the land of Adam
Phillips, in the latter sections, the members are present, and measured as
follows:

Fr. In
Ore, Ferriferotis ... .o ittt inreierivecsnnnnanasen .. 5
Limestone, Ferriferous ....oiininivseinrnnnrrranecnvens 6 .
I 5T L 2 6
Coal and partings, Clarion ... .................c.. i 4 5

“West of this in sections 4, 5, 6, 7, 8, and 9, the members are quite
persistent, but, as they are found high on the hills, the areas are small
and the limestone usually much weathered. On a knob on the land of
Jacob L. Tucker, in Section g, the ore and limestone were exposed, and
the following section was obtained:

Ft. In
Ore, Ferriferous. ... o i e .. 1
Limestone, flinty | Ferrif Jooer 1
Limestone, good { erriferous Yoo 4 ..
Shales ..o i e ety 2 &
Coal and partings, Clarion ... ..o iiiiianrnininnennenns 4 9

“The members are wanting in Section 31, and the areas are small
in Section 32, but on the main ridge in the northern part of this section
the ore was formerly mined by stripping, and the limestone, where exposed,
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measured from § to 6 feet in thickness. In Section 33 the members are
about normally represented for the limestone is from 5 to 7 feet in thick-
ness, and the ore, where exposed, from 4 to 8 inches. Along the road in
the western part of Section 34 the limestone exposed measured 5 feet in
thickness, but it is probably thicker under cover. At the mine of the
Minglewood Coal Company there is a local thickening of the ore, which in
places is reported to reach 2 feet, while the limestone below is normal.
The rocks exposed along the outgrop gave the following measurements :

Ft,  In.
Ore, Ferriferous .......ovimnuiraianeeneercaanveaaaeinenens 1 6
Limestone, Ferrfferous .......oo.iiveiieeiinicironeneinierinns b
13 17 1 2
Coal and partings, Clarion ......oooiiiinnieriiiiiiienannen 3 6

“In Section 35 the limestone and ore are again uncertain, for they
are often replaced by sandstone. The horizon drops below drainage along
Mulga Run in the central part of Section 36, but here the massive sand-
stone above lies directly on the Clarion coal, having thus replaced both
ore and limestone.

Economic Value

“The rich Ferriferous ore has been of vast importance in establish-
ing the iron and steel industry in this state. It was the main dependence
of about 100 charcoal furnaces in the Hanging Rock District, of which
16 were in Jackson County. The thickness of the deposit, the yield of
metal, the excellent working qualities in the short stacks of the charcoal
furnaces, and the natural composition for smelting foundry iron, placed
this ore at the head of the list of native ores in importance. The ore
varies in thickness from one inch to as much as 2 feet 6 inches, but the
usual measurement is from 5 to 12 inches. The exceptional volumes noted
are usually of Jocal extent, somewhat in the nature of rolls, and they usu-
ally denote a decrease in the normal thickness in the surrounding areas.
Under heavy cover the ore is of the normal carbonate type, but along the
outcrop it has weathered to the hydrate forms with an increase in the iron
content. The usual outcrop ore is porous blocks, but under extreme
weathering it is soft and clay-like in character; especially is this the case
in that found along the joint planes where the limestone helow has
weathered to widely separated blocks. This ore more nearly resembles
colloidal precipitated hydrates.

“The quality of the Ferriferous ore is shown by the followmg analyses
collected from various sources:

Sample No.l No.2 No.3 No4 No.5 No.6 No.7 No.8
Specific gravity—

dried at 212°. 2980 2868 2983 2704 4872 3375 3245
Water combined. 1040 1180 740 1110 325 333 320
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Siliceous matter,

Si0;, etc. .... 5.84 1.62 344 2364 3156 884 2336 20.90
Iron sesquioxide,

Fe.Os ....... 7940 7261 87.89 6269 13.55 1391 13.16 ceee
Iron carbonate,

FeCOs ...... veee ..., 3401 5599 4844 . ...
Iron, metallic, Fe 55 58 50.83 6152 4388 2591 36.77 3259 38.10
Alumina, A1:.O: . 40 40 ... ceen 2.60 30 .80 6.43

Manganese, Mn.. 190 1.05 10 07 45 .55 .25 67
Calcium carbonate,

CaCOs ...... e et .... trace .25 430 490 ...,
Lime, CaO ..... A0 975  trace trace 518 263 ~ 274 215
Magnesia, MgO. .68 1.59 62 5 140 . 238 81 trace
Phosphoric acid, ’

P0Os ........ 642 466 414 T3 8M 230 065 ...
Phosphorus, P... 280 203  .181 329 3% 231 027 134
Sulphur, S...... A2 14 trace trace d2 272 .16
Sulphuric acid, '

H.SO¢ ...... 8.33
Water, hydro- .

SCOPIC ....... 7.00
No. 1, labeled ‘Best limestone ore,” Geol. Survey Ohio, Report of Progress, 1870,

page 137.
No. 2, labeled ‘Good limestone ore,” Geol. Survey Ohio, Report of Progress, 1870,
page 137.

No. 3, labeled ‘Dark red limestone ore,’ Geol. Survey Ohio, Report of Progress,
1870, page 1317.

No. 4, labeled ‘Limestone ore, reddish gray, shaly, Geol. Survey Ohio, Report
of Progress, 1870, page 137.

No. 3, labeled ‘Limestone ore, blue carbonate, best quality, Geol. Survey Ohio,
Report of Progress, 1870, page 137.

No. 6, labeled ‘Limestone ore, blue carbonate, earthy, sulphurous,’ Geol. Survey
Ohio, Report of Progress, 1870, page 137.

No. 7, labeled ‘Gray limestone ore,” Geol. Survey Ohio, Report of Progress,
1870, page 137.

No. 8, average analysis of Ferriferous ore, reported by the ]ackson Iron and
Steel Co., Jackson, Ohio.

“Owing to the thinness of the deposit, and to the more desirable
quality of the weathered product, the Ferriferous ore has been mined
mainly by stripping along the outcrop. In local areas where the thickness
is exceptional, and the quality good, it has been mined by drifting. At
present both methods are used to obtain the ore supply for Jefferson
Furnace. Small amounts are also obtained from the limestone mines.”

VINTON COUNTY*

“During the days of the charcoal furnaces in southern Ohio the
- Ferriferous ore was of great economic importance, leading directly to
the establishment of the iron industry in the Hanging Rock district in

1Geol. Survey Ohio, Fourth Series, Bull. 31, pp. 268-276.
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1826, and being the main reliance of more than 60 furnaces in this and
the Hocking fields. With few exceptions the furnaces that succeeded
best were those located along the line of outcrop of the Ferriferous ore.
The Ferriferous was superior in yield of iron and in smelting qualities,
was more reliable in thickness and in continuity, and made a better grade
of foundry iron than the other ores in the region. The mean thickness
of the ore was nearly 10 inches and the yield of iron about 40 per cent.
The bed was extensively mined in Lawrence, Jackson, and Perry counties
and, less widely, in Scioto, Gallia, Vinton, and Hocking; but north of
this in central and eastern Ohio the stratum so fails that it was little
used for metallurgical purposes. In the southern counties the member
was commonly called the ‘Limestone’ ore on account of its position directly
above the Vanport or Ferriferous limestone. In the Hocking Valley
region it was designated the ‘Baird’ ore as the deposits were especially
important near Baird Furnace in Hocking County. The Ferriferous ore
not only laid the foundation for the iron industry of southern Ohio, but
was one of the chief factors in the development of the region.

“In Vinton County the Ferriferous ore, although very widely dis-
tributed, occurs more in the form of irregular, jsolated patches than as
a sheet deposit. The member is locally present in Brown, Swan, Jackson,
Richland, Elk, Madison, Vinton, Clinton, and Wilkesville townships. The
deposits that were mined the most extensively were those in Elk and
Clinton townships. The member varies in thickness from one inch to
three feet or more but averages not more than ten inches. The mean
of about twenty measurements made by the writer is five inches; but this
is less than the true average as the thicker ore was stripped to deep cover
and is now obscured by slumping and farming. Under deep cover
the Ferriferous ore is a siderite of a blocky structure, of a gray or bluish-
gray color, of a grainy texture, and with free silica as the chief impurity.
The content of sulphur is low but that of phosphorus is sufficient to
classify the ore as foundry grade. Along the outcrop the siderite has been
altered by weathering agencies to a limonite of a yellowish or brownish
color. It still retains the blocky structure due to a shell of firmly cemented
ore inside of which are concentric layers of similar material and a core
of soft, mellow ore. In this form it is known as kidney or block ore.

“The Ferriferous ore was mined most largely by stripping along
the outcrop as the unaltered carbonate under deep cover gave, in roasting,
a ferrous silicate which was difficult to reduce in the short stacks of the
charcoal furnaces. Where directly overlain by a sandstone instead of
shale, the siderite is altered to limor}ite under much deeper cover, as the
circulation of ground waters is along the base of the sandstone stratum.
Under such conditions and with a good thickness of ore, the bed was
then mined by drifting. In Vinton County such a method was employed
in only a few small areas. The common practice in stripping was that



PENNSYLVANIAN SYSTEM : 149

a foot of dirt could be profitably removed for an inch of ore. In general
the depth of overburden removed was from 1 to 15 feet.

*“The Ferriferous ore is separated ordinarily from the underlying
limestone by a thin stratum of shale. Locally, however, the two beds are
firmly cemented, the ore gradating somewhat into the limestone. In places
the upper part of the limestone stratum is so enriched by iron oxides that
it has a pink or brown appearance. Under thin cover and with advanced
decay the cavities in the upper surface of the limestone and the wide spaces
along the joint planes are filled with a soft clay-like ore formerly employed
in a small way for pigment. It was too fine and dusty to be used in
making charcoal iron,

Brown Township

“In Brown Township both the Ferriferous ore and the Vanport
limestone are largely wanting, but on this general horizon small local
deposits of ore are present in the shale owerlying the Scrubgrass coal.
The stratigraphic position of the bed is shown in the following record,
taken along the road in the east central part of Section 1g:

Fi.  In.
Coal blossom, Middle Kittanning ...............cooooiuion... 3 0
Covered ... uuirriir it e e araas 12 0
Shale and covered ....cvviiininiii it e 21 0
Coal blossom, Lower Kitfanning ... ....covvuuneineneiananrnans 1 0
Clay and covered .....ivieniinenaniiieieninaninirniieocnns 10 ¥
Sandstone, massive, soft ...... e erar e 8 (1]
Covered ..ooiiiiiian ettt e aiaaa 10 0
Sandstone, massive, S0ft ... . .iiiiiiiiai e 13 1
Shale .iiiiiiiiiiiia it it i e IR | 0
Ore, nodular, Ferriferous horizon ..........cceeiieiiinrnnnnn. . 4
Shale and shaly sandstone .........cocovevriinnvnninnnnn..s 7 4
Coal, Serybgrass .. ..ottt s 1 4
Shale, black, fissile ...veiiinnnroniiii i aiiei e, 6 10
Coal, Clarion ... e ittt aeneanaaaaraaas 1 5
Clay, plastic ...vvvvininiiiiiii i eiincneneenn N 6 E)

“In this locality the ore varies {rom 2 to 6 inches in thickness but
is unsteady in extent. The quality is poor as it is siliceous in character.
It was not mined even for the charcoal furnaces.

“In the shales between the Clarion and Scrubgrass coals irregular
lenses and nodules of ore were dbserved at a few places. Such a deposit
was well exposed in the cut of the Baltimore and Ohio Southwestern
Railroad in the southwestern part of Section 8 The ore varies from ¥
inch to 1 foot 2 inches in thickness and lies about 4 feet above the Clarion
coal and 59 feet below the Lower Kittanning member. At this place the
Scrubgrass coal is replaced by sandstone. The ore varies in kind from
a siderite to a limonite and is siliceous in character: No fossils were ob-
served either in the ore or in the associated shale. Directly above the
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Clarion coal a body of blackband ore about z feet 6 inches thick appears
on the Timothy Clifford property near Hope Station, but the deposit is
local.

Swan Township

“Only small patches of Ferriferous ore are present in Swan Township
and these are confined most largely to the southeastern part. The ore
was mined in a small way along the ridge in Section 10, on that east of
Creola in the central part of Section 34, and on the knobs in the east
central part of Section 31. At the latter place the deposits are small but
the bed is reported to be about 1 foot thick. Some flint is also present
along with the ore. In Swan Township the Upper Mercer or Big Red
Block ore was of far more importance and was extensively mined over
a wide area.

Jackson Township

“Small deposits of Ferriferous ore and buhrstone are present on a
few of the high knobs in Section 36, Jackson Township. The ore was
little mined.

Richland Tounship

“The Ferriferous and Vanport members in Richland Township out-
crop only along the summits of the high ridges in the eastern part. The
deposits are small, being confined largely to sections 1, 13, and 24. The
ore is frequently absent even where the limestone is present. It is also
low grade and thin.

Elk Township

“In Elk Township the Ferriferous ore is widely, but on account of
wants, erratically distributed over much of the area. The deposits most
largely worked are those in sections 9, 10, 15, 16, 17, 22, 27, 30, 35, and
36. Locally the ore not only has good thickness but is above the average
in purity. ;

“In sections 9 and 10 the ore bodies are small and were mined to only
shallow covering. The thickness reported is from 4 to 6 inches. The
stratigraphic position of the member is shown in the following record made
in the eastern part of Section 15:*

Coal, Middle Kittanning, reported thickness................... 4 6
(0032 4 =+ R A 50 0
Coal, Lower Kittanning, reported thickness ................... 3 6
Shale, Bray «occvverieinereeeiesenenneansescoasenmencaaeanannn 14 0
Ore, Ferriferous .....ouenviivienoineesanesenniossansannsnsns . 6
Shale, gray, siliceous ................ e eereaeeatenireenenn 1 3
Limestone and flint, Vanport .....ccoovviiieiinnrenaisosennens 2 0
L0 3

Coal blossom, Clarion.

1Geol. Survey Ohio, Report of Progress, 1870, p. 107.
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“The Ferriferous ore was mined rather extensively by stripping along
the ridges in Section 16. Here it rests on the buhrstone of the Vanport
and in places is more or less mixed with this material. The deposits in
Section 22 are described as follows:*

“The Ferriferous limestone is found with a fine development of
limonite ore over it and a bed of coal reported 3 feet 4 inches thick a
little below. The ore is quite irregular, but at one place attains a very
unusual thickness. It is reported to range from a few inches to g feet,
the reported average being 2 feet 6 inches to 3 feet. This is one of the
most celebrated developments of ore in all southern Ohio. 1t has been
mined by drifts, and the quantity taken from less than two acres is reported
to be 10,880 tons. At one place the limestone and ore are both wanting.
The strata in this locality follow:” -

: Ft. In,
Coal, Lower Kittanning.
Sandstone and shale ........... et et e 35 0
Ore, limonite, Ferriferous, average .......coveeeuvienanrnrn.. 2 6
Limestone, Vanport ... ... iiiiniiiiiiiiinniiaaisinnns 7 0
Clay ccvievirnenniaanns e m e et aa s as s .. 7
Coal, Clarion ........civuiniiiientniireantnnneeeassessnnvanenes 3 4

“Small quantities of ore were also mined at various places along the
ridges in the southwestern part of the township in sections 28, 29, 30, 32,
and 33. The association is ore and buhrstone, the latter replacing the
Vanport limestone. The mining was all done by stripping. The best de-
posits are reported to be about 1 foot thick. In the eastern part of Sec-
tion 26, the Ferriferous ore locally attained excellent thickness and was
mined extensively. .\ section of the rocks follows:*

Coal blossom, Lower Kittanning.

Sandstone and covered ......ceeniiit i, 33 0
L0 .. 5
Ore, Ferriferous, reported thickness........cc.ovevvvirnennrenns 3 0
Limestone, Vanport, average.............. e 5 0
L08R 2

Coal, not opened, Clarion.

Shale and sandstone..........ooiieuiiiiiiiiiiii i 39 0
Coal, not opened, Winters.

Shale it e e e 6 0
Ore, ‘gray kidney’'....... .o ievivienann.. e iereeeecans .. 4
Ore, ‘Little fine block’........ ... i il e . 10
Shale and sandstone. . ... ..vivvrereeirrenesrnnnscernareannes 32 0
Coal, reported, Brookuville. ... ... ..o 3 6
Sandstorie and shale.......cooviiiiiiiiiiiriiiiiiniiaranaa 36 - 0
Ore, kidney’ ...... e .. 2
Ore, big red»bmck%t’”” Mercery e 10

*(Geol, Survey Obis, Report of Progress, xa'io, pp. 1089,
MTdem.. p. 171,
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“Samples of the Ferriferous ore were taken for testing. (For analyses,
see pages 146, 147.) Small deposits of good ore were also worked in sec-
tions 27, 34, 35, and 36, but the thickness was at few places more than 1
foot and the average measurement much less.

Madison Township

“Both the Ferriferous ore and Vanport limestone are wanting in
the northern part of Madison Township except for stray lenses of ore
and flint, neither of which is of economic value. They improve in con-
unuity and development in the southern part of the township along Elk
lFork and Flat Run. The hest ore is in the vicinity of Vinton Furnace
where it was mined in many places. The following record, taken in the
northwestern part of Section 3I. shows the stratigraphic features very
well:

Ft. In.
Shale and covered.......c...ooiiii ittt 10 0
Ore, Ferriferous .........ovviieniiniiianeiinnnnn. e 7
Limestone, Vanport ...........coiiiiiiiiiitiniiaiiiiaaaaan, 7 .4
Shale and covered.......oviiiiininiiee i iaeiercniennnnnns 19 8
Coal blossom, Clarion.............cccoveeeiiiinn... e 4 0
Clay, light, plastic........ ... ..o 3 0
Sandstone, massive .........ciiiiiiiiiiiie i ittt aas 9 0
Covered .......... e e ettt s 9 0
Coal, old mine, Winters. ..o ieiininiin i nnnnes 3 0

“Locally the ore thickens to 13 inches. In most places it lies directly
above the Vanport limestone. Along Flat Run in Section 13 these mem-
bers are present just above drainage level, but are uncertain in character
and thickness. The ore was little mined.

Vinton Township

“In the main, deposits of Ferriferous ore in Vinton Township are
confined to the valley of Pierce Run from Oreton to Radcliff and to
that of Raccoon Creek from Arbaugh to Hawk. It is unsteady, in many
places being replaced by sandstone. The ore is below normal in thickness
but is of standard quality. The position of the member is as usual directly
aliove the Vanport limestone but the ore is frequently wanting even where
the limestone is present. The member was mined by stripping most largely
in sections 10, 15, 16, 33, and 34.

Clinton Township

“The supply of ore for Hamden Furnace was drawn largely from
the Ferriferous member in Clinton Township where the bed is found
with fair regularity over the entire area east of the old valley that extends
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from Dundas to Hamden, It was mined most extensively in sections 3, 0,
13, 16, 21, 23, 25, 26, 27, 28, and 29. The deposits are variable in thick-
ness, character, and association. The ore may be absent or may expand to
as much as 3 feet. Through weathering it changes from a hard, gray sid-
erite to a soft, brown limonite. It may be associated with limestone, with
buhrstone, or in their absence with shale and sandstone.

“The Ferriferous ore was mined in a number of places in the
vicinity of Dundas in sections 3, g, and 10. The thickness reported is
about 1 foot with a maximum measurement in local swells of nearly 4
feet. The best developed deposits are those in the southern part of Section
o where it was stripped to deep cover. In sections 1, 2, 11, and 12 the
ore is very unsteady, in many places being replaced by sandstone. Like-
wise, for the same reason, the Vanport limestone and Clarion coal are
absent from the section. Along the high ridge and its spurs in sections
13, 14, 15, 16, and 17, this ore is moderately persistent, has average thick-
ness, 2 inches to 1 foot 4 inches, is underlain by Vanport limestone, and
was mined at many places for the smelting of iron in Hamden Furnace.
In the southern part of the township in sections 25, 26, 27, 28, and 29, the
conditions are similar. The stratigraphic features are normal throughout
the entire area.

Wilkesville Touwnship

“The only areas in which the Ferriferous ore appears at the surface
i Wilkesville Township are along Raccoon Creek from Hawk to Section
20, along Rockcamp Run in Section 30, along Indiancamp Run in Section
28, and along Karr Run in Section 27. In general the ore is poorly repre-
sented but the underlying limestone is well developed. The bed was little
mined along Raccoon Creek and only locally along its western tributaries.

Economic Value

“From 1830 to 1870, the period of greatest activity of the charcoal
furnaces, the Ferriferous ore was the most important bed in southern
Ohio, far outweighing in value any of the coals, clays, or limestones.
Conditions have so changed that now [1925] it is not utilized at any place
in the entire area. In Vinton County mining of the Ferriferous ore in a
large way began with the erection of Eagle, Cincinnati, Vinton, Hamden,
Hope, and Zaleski furnaces, between 1852 and 1858, and lasted during
their periods of activity. It is of foundry grade, making a soft iron well
suited for a wide variety of castings. In yield of iron and in economy of
smelting this ore compares favorably to the more siliceous ores from the
Great Lakes region. The general quality of the Ferriferous ore in Vinton
County is shown by the following analyses made during the time the bed
was being actively mined:
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No.1 No.2 No.3 No. 4

Ignition loss ........cooovieiiiaiiine.. 12.65 8.90 750 1685
Ferric oxide, Fe,Os.........covcven.. 65.65 60.86 . 79.37 64.36
Silica, Si0; ..vvvviiniiiiiiii i 17.26 22.16 6.64 8.56
Alumina, Al:Os ......coovveinnln, R 05 00 .00 1.00
Lime, Ca0 .ueevnrnnaninininnnnnn.s. 55 12 295 - 199
Magnesia, MgO .......cccovveinniin... 1.28 83 56 2.68
Phosphorus pentoxide, P.Os............ 215 2,524 91 384
Manganous oxide, MnO................ 1.40 3.95 1.75 145
Sulphur, S ... 10 trace 00 2.53

Totals v.ovveniiiiiiniiiiinennnnn, 99.153 99.344 99.68 99.804
Metallic iron, Fe...........ccvvvinan.. 45.95 42.60 55.56 45.05
Metallic phosphorus, P................. 094 1.102 397 168
Metallic manganese, Mn............... 1.09 3.06 1.36 112
Specific gravity .........ccciieiiinninnn 2.709 2307 3333

No. 1 Ferriferous ore, lower part of bed. Section 26, Elk Township.
Geol. Survey Ohio, Report of Progress, 1870, p. 111.
No. 2 Ferriferous ore, middle part of bed, same location. Idem.
No. 3 Ferriferous ore, upper part of bed, same location. Idem.
No. 4 Ferriferous ore, mixed siderite and limonite, same location. Idem, p. 112.

“The Ferriferous ore in southern Ohio fluctuates, like other coal
formation rocks, through rather wide limits in composition and character.
The average of many samples of ore used for metallurgical purposes and
gathered over a wide area gave the following data:

Variation Average

per cent per cent
Iron, Fe covnvnniiiiiiii i 25.00 to 56.00 41.87
Phosphorus, P ..o, 025 to 1100 344
Manganese, Mn ............ccooiiiiiiiennt. 05 to 3.00 91
Lime, Cal .onvuriiiiiiiiiiiiriaiennnnnens .05 to 15.00 3.43
Magnesia, MgO .......coviiiiiiiiiiit 05 to 2.70 1.13
Silica, SiOs vevrrrrinnrniiientnianennnaennns 1.60 to 32.00 13.42
Alumina, AlbOs «.iiiiiiiiiiiiiiiiiiiinenans 05 to 17.50 1.77
Sulphur, S ittt it ititte e 01 to 275 46
Tgnition ...cvveuiiinnnnneiiiiiriineannaenans 5.00 to 30.00 18.00

“The contents of lime and magnesia are usually higher in the siderite
ore than in the limonite, for through weathering these components have
been partially removed by the action of carbon dioxide in the circulating
waters. In general this is also true of the silica as some desilication has
taken place in the breaking down of the complex silicates. The quantity
of sulphur is erratic in both the siderite and the limonite ores. In the
siderite it is generally in the form of a sulphide, largely iron sulphide
or pyrite, and in the limonite it is usually in that of a sulphate, such as
gypsum or calcium sulphate. In the alteration the pyrite is first converted
into ferrous sulphate and free sulphuric acid which readily combines with
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any bases present. Through solution and substitution a part of these
sulphates may finally be precipitated as gypsum. Such material is locally
abundant in ores lying near the surface, especially those that have been
penetrated by plant roots. The range in phosphorus is generally much
larger in the oxide ore than in the carbonate. Through solution and
chemical changes a part of the bed may be impoverished in this component
and another part enriched. The entire ore body may also be affected at
the expense of associated strata. Such enrichment is thus more or less
local either within the ore deposit or within a small area.

“Before use in the charcoal furnaces the Ferriferous ore was cal-
cined in order to remove hydroscopic and combined water, to convert the
carbonates to oxides, to increase the porosity of the material, to increase
the yield of the stack, and to save coke in the smelting operation. The
treated ore was easily reduced by carbon monoxide in the upper part of the
iurnace, whereas the gray ore was more difficult to smelt. The fuel most
used for calcination was wood, charcoal brands, and fine charceal, as little
deleterious materials such as sulphur and ash were thus added to the
product. Coal was also used but with less favorable results. The ore
was roasted in several ways, the most common of which were in piles
built in the ground at the furnace, at the mine, or at the shipping point,
and in kilns on the furnace yard. '

“The Ferriferous deposits in Vinton County are too thin to be worked
at present for the ore alone as the ‘Lake’ ores are far more economical.
11 mined as a secondary product in stripping the underlying limestone, the
material has sufficient value to pay at least for its removal. Where the
bed is 10 inches thick, the yield per acre is approximately 3,970 tons for
the siderite and 3,290 tons for the limonite. In some localities Ferriferous
ore, Vanport limestone, Clarion coal, and Clarion clay may be conveniently
mined in this way. The overlying shale and Lower Kittanning clay are also
of value for the manufacture of ceramic products. The combined section
from the base of the Clarion clay to the top of the Lower Kittanning coal
thus yields a variety of materials all useful for some purpose. The Fer-
riferous ore is not mined at present [1923] at any place in Vinton County
and probably will never become important again for metallurgical use as
the quantity is too small. The foundry iron made from it was of superior
quality.”

HOCKING COUNTY

In Hocking County both the Vanport limestone and the Ferriferous
or Baird ore are very uncertain and in fact are absent in many areas.
The ore is somewhat more stable than the limestone, which here is repre-
sented commonly by impure flint or flinty limestone. The Ferriferous
ore is due in eastern Washington, Starr, Green, Ward, and Falls Gore
townships.
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Washington Township

In Washington Township the Ferriferous ore with the associated
Vanport limestone and flint, black shale, and Clarion coal and clay are
locally present along the high ridges and knobs in the central and the
eastern parts of the area. The ore is due at an approximate elevation of
994 feet in south central Section 1, g50 feet in northeast Section 36, 1,065
feet in southwest Section 29, and 1,075 feet in northeast Section 5.
Geologic relations to members higher and lower in the scale are given in
the composite record given below and taken on the ridge north of the
center of Section 12:

Fi.  In
Shale and covered. . ... . viiiiiiiiniiiinencinrunes P 15 0
Coal blossom, Middle Kittanning. .....cocovver covvrencansnen 3 0
Shale and covered. .. .coierrinnrenioraeeannncsornonenncsanans 15 0
Clay, plastic, light, Oak Hill...... ... ciiiiiiniiiiian... 6 0
Shale, Eray ...c.oiiieiniaimnieratieaerioaaaasaat e 16 0
Coal blossom, Lower Kittanning, elevation 1,000 feet........... 1 6
Clay, light, plastic....vvnirieit i einrrnaraanenrraneennn 6 0
Shale, weathered ...... . ciiiiiiiiiiiiirraininrieeninecnas 7 0
Ore, Ferriferous ... ...cuinuiiineiirnosnonssssascsneonnsrcens 8
Limestone, Vonport ... i 1 1
COVEred o venir it anr o an it 30 0
Shale, BIaY .oviverirt i s iare e 10 0
Shale, dark oo.voeimrurearein it ieaarar i e, 2 ¢
Covered ..uuviiiieii ittt tra e 2 0
Coal, old prospect mine, Clarion. .......ouiuerienerennnennns .

Starr Township

Throughout Starr Township the Ferriferous member is due in the
western and northern parts along the valley walls. In general both the
Ferriferous ore and the Vanport limestone are absent from the section,
their place being taken by shale or sandstone. No deposits of prominence
are recorded. ‘

Falls Township

The area sufficiently high to catch the Ferriferous ore is very limited
in Falls Township, being confined to the ridges and knobs in the south-
eastern part of the area. The ore appears to be generally absent.

Green Township

Through wants and impoverishment both the Ferriferous ore and the
Vanport limestone are poorly represented in eastern Green Township
where they are due along the main ridges. At a few places old strip
benches indicate small quantities of ore were mined from this horizon.
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Falls Gore Touwnship

Near Bessie and Gore furnaces in eastern Falls Gore Township small
bodies of Ferriferous or Baird ore were worked along the summits of
the high ridges. The ore is present at an elevation of 940 feet in the
northeast corner of Section 27 and 830 feet along Monday Creek in
the northwest part of Section 36. The ore is reported to be from 4 to
12 inches in thickness and of good quality.

Ward Township

The Ferriferous ore is generally wanting in Ward Township. The
horizon is above drainage along Monday Creek and its tributaries in the
western part of the area. No ore of value is reported.

PERRY COUNTY!

“The Baird ore of this district is the Limestone or Ferriferous ore
of the Hanging Rock field. It occurs to a small extent in Reading and
Clayton townships of northern Perry County. It becomes an element of
+ real value in Pike, Jackson, and Monday Creek townships of southern
Perry County. ’

“Throughout the territory now described, it has been worked on a
large scale for many years. Not only the furnaces already named, (Union,
Logan, Baird and Crafts) but three others in addition, viz., the Bessie,
the Thomas Iron Company’s [Gore], and Winona furnaces, have all
obtained large amounts of ore from this thoroughly known and thoroughly
approved seam. It retains all the characteristics that have given to it its
excellent reputation in southern Ohio. It occurs in the same form, and
in the same stratigraphical associations as there, but its thickness is a
little less than in Lawrence and Jackson counties. It averages 8 inches
here for the whole territory against 10 inches in the southern part of the
field. Of course, it often rises to 12 inches, and sometimes to double this
measure, but this extra volume has generally to be paid for by correspond-
‘ing decrease in the surrounding territory.

“It is separated from the Lower Kittanning coal by a very white
seam of clay {the Kittanning clay), which ranges between 10 and 20 feet
in thickness. The ore has been mined by stripping only, and the benches
of white clay, many miles in length, that mark the centers of production,
are among the most conspicuous features of the country. The outcrop
ore is naturally most valued and sought for, but the seam appears to hold
“quite steady under heavy cover. Its place in the series ranges from 30 to
50 feet below the Nelsonville [Middle Kittanning] coal, which is the
standard element in all sections of this field. The usual interval between
the coal and ore is 40 feet.

1Geol, Survey Ohio, Vol, V, pp. 418-i14.
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“The ore is almost entirely of the oolitic variety throughout the
Hocking Valley, and, though not over rich in iron, and quite high in silica,
it is so free from sulphur and phosphorus, and is otherwise so consti-
tuted, that it yields an iron of great tenacity and consequent value. The
mill iron manufactured from it is noted for its strength, and finds market
[1884] even where very rigorous demands as to this quality are made.”

Coal Township

“The gray ore (Ferriferous) appears to be quite persistent, ranging
in thickness generally from 1 to 3 feet, sometimes thinning down to a
few inches, and in places disappearing altogether. It is largely developed
and of excellent quality in the hills about Old and New Straitsville, and
in nearly all the hills which reach its proper horizon, to the west line of
Monday Creek Township. Separated in a few places by shale intervening
between it and coal No. 5, (Lower Kittanning) its ordinary position is
directly beneath the fire-clay of this coal, and it is often associated with a
cherty drab limestone. When the ore is well developed it seems to take the
place of the coal. Where drifts have been carried into the hill, the ore
has been found, on an average, 9 feet below the coal, the interval being '
filled with fire-clay, and the ore resting on flint, limestone, and sometimes
in sand-rock.”*

Some of the geological features are shown in the record given below
and along the road and gully north of OId Straitsville, Section 18, Salt
Lick, and Section 19, Coal townships:

Ft. In
Coal blossom, Strasburg.......c.cveeiivinnnneecreireaannaaas .. ..
Covered .....iiiieriiiiitti ittt e N eeeeeeaes 10 0
Coal blossom, Lotwer KitHanning. ....cooovvveinniennenuananns 1 0
Clay and covered.....c..cviiiiiiiiioenennscnceeronsannaneenn 16 0
Ore, Ferriferous «....ounuiuieereneerereenacsssneenseacnnns .. 6
Covered ....oviiiiiiieiii i e i e et 21 6
Sandstone and covered...........ciiiit ittt ieiaes 32 0
Shale, gray, part siliCeOUS..ccovivnreerieennerennnnns PPN 31 0
Limestone, blocky, gray, Upper Mercer...................... .. 6
Clay and covered ........ociiiiiniinreiiireinneeriaeeannnnns 5 10
Covered ...t i ittt iaa e 30 0
Limestone, blue, hard, fossiliferous, Lower Mercer............ 6

Salt Lick Township

In Salt Lick Township the deposits of Ferriferous or Baird ore are
confined largely to the valley of Monday Creek in the western part of the
area. The ore was mined rather extensively by stripping for the furnaces
at Shawnee and New Straitsville. '

1Geol. Survey Ohio, Vol. III, p. 654.
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Monday Creek Township

Baird furnace located in the northeast corner of Section 14. Monday
Creek Township, drew much of its ore supply from the Baird or Ferrifer-
ous member in that general locality. These deposits were drawn upon also
by Bessie, Gore, and Winona furnaces. The position of the stratum is
well up on the knobs and ridges in the central and eastern parts of the
area.

" Some of the definite geological features are shown in-the following
section taken along the road in the south central part of Section 14, about
one mile south of Baird furnace:

Ft In,
Shale, gray .. .veeiiiiioin ittt 5 0
Clay, plastic, with ore nodules, Oak Hill. ..................... 3 0
Sandstone, shaly ......ciiivnririinioiiiiin it ¥ 0
Coal blossom, Lower Kitlan®ing............c..cvirneeinene. 1 6
Clay, light, plastic.........oooiiii i 16 6
Ore, Ferrfferous ..o vneui i iinn i 10
Limestone, gray, fossiliferous, Vanport....... ... ............. 1 6
Shale and shaly sandstone............... ... ooiiaan.es e 30 0

Where observed in the northeastern part of the township the ore
varies from 2 to 12 inches in thickness. It has been mined extensively by
stripping. The geology of the bed is given in the following record meas-
ured along the road in the south central part of Section 2:

Fi,  In.
Coal blossom, Middle Kittanning. . ..........cvoiiiinnneinnn.. 3 0
Clay, shale, and covered........cooimniiiiiiiiiiiiiiirinnan, 36 0
Ore, Ferriferous ...........ccoeiiiieiiiinnennnnnns P 3
Flint, gray, Vanport........cooeiiriiiiiiie it ereirnaans .. 8
Shale and shaly sandstone..........coiiiiiinraivervnnenaenn, 36 0
Covered o..eiiiir e e it e 21 0
Shale, BIaY vovererrte ettt ey -3 0
Ore, nodular ................ e et e, 2
Shale, Eray «vvverien it i e i e 6
Limestone, ferruginous, very fossﬂxfcrous on outcrop weathered
to shale, Putnam Hill. ... ... . . .. . . . . ... . 4
Clay, plastic, light, good, Brookuville.......................... 3 0
Covered ...vvueennnn. e e 13 0
Sandstone, parts covered.................. e 25 0
Coal and shale, weathered, Bedford........................... 1 0
Clay, gray, plastic.. ... ..ot e e 2 0
Shales and covered.......ovnrienriireovrieennrnnaiennannnnns 20 0
Limestone, blue, hard, fossiliferous, Lowcr Mercer, elevation
846 feet v.vvcrnnviniiincri i J 6

Jackson Township

Considerable ore was mined by stripping along the outcrop on the
main ridges in the eastern part of Jackson Township. The elevation of the
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bed is close to 1,000 feet in the east central part of Section 23, 1,020 in -
the southeastern part of Section 33, and 930 feet in the central part of
Section 36. The ore is reported to be of good quality and from 4 to 12
irches in thickness. Locally flint representing the Vanport limestone
accompanies the ore.

Pike Township

Local deposits of Ferriferous ore are well distributed over Pike
Township where considerable mining was done for the furnaces at Moxa-
hala, Shawnee, and New Straitsville. The ore is accompanied most com-
monly with impure flint or with cherty limestone. Its stratigraphic rela-
tions are much the same as in the area to the south. '

Reading, Clayton, Madison, and Hepewell Townships

In northern Perry County, in Reading, Clayton, Madison, and Hope-
well townships, the Ferriferous ore fades from the section, becoming
wanting over large areas and where present only poorly developed. No
deposits of worth were noted.

Economic Value

The Baird or Ferriferous ore furnished a part of the burden for the
coal furnaces, Baird, Fannie No. 1, Fannie No. 2, XX, Mollie, New York,
Moxahala, and Bessie, that operated in Perry County from 1875 to 1920.
The generzal quality of the ore is shown by the following analyses:

(1) Baird ore, Shawnee, by E. G. Love. ,
SHECR «eneeeeeeenn e eteeeem e e e e e r et 13.99

Oxide of IT0M. ..ottt ieenir i cimrieanaararianananaaenaen 40.67
ARIMINE oetiernnceee s crnis et ate e ineanereataannasranns .. 4.8
Oxide of MANEANESE. .0 vuvt it cearrvneeriane e aareneeranaenns 042
Magnesia ...veveiieeeriern it 2.87
Lime ...coooivvvinnn. A et eaiacar e i aaan 440
Phosphoric acid .....oooveiiiiiiiiiian, e eeree s 0.24
Carbonic acid .....covirmiviiiiiiiiiin i Yereeienaenanan 28.50
SUIBHUL .ottt i 0.07
Metallic rOM ...ttt ittt it canei e 31.63
PROS OIS oot itr et eatsiiaecr e e e e 0.10

{2) Blue Limestone ore, Shawnee, by S. B. Newberry.?

131 11 N 10.11
Protoxide of Ir0n....cieiierivireeriintenseeerorscancionaassnacs 33.26
Sesquioxide of Iron.....coeviiiiniiiiiiniiiiinass P 15.60
AN v vvriiniitinrornrenicevncanransarneraasocsoesannns ... 114

tGeol. Survey Ohio, Vol. III, p. 680

*Tdem.



PENNSYLVANIAN SYSTEM 161

Oxide of MANGANESE. ...t vt ittt eeaannrneraennnnnnns 3.99
B T V- T Y 2.91
¢ - 4.17
Carbonic acid .. v.iivereiiiiiii i ittt e i e, 26.80
Sulphur ... et 0.29
MOISHITE o vt init it e eeiene it erannaanneccnttoaananneeaasanann, 0.78
Metallic iron .....oviniiniiniinenieenn..s S 36.79
PhosphortSs .. ciiniiiii it it e e e e, 0.21

(3) Thomas ore, Section 19, Monday Creek Township, by S. B.
Newberry !

31T AR 9.47
Sesquioxide of Iron.......coiiiiiiiiiiii i e 41.09
AlUMING ..o et e 824
Phosphate of alumina........cocviiiiiiniiiiniiiiiiinierennnnns 1.82
Magnesia ..ot e e e, 145
Lme it e e e e et e 492
Carbonic acid ......ooviriieeriin it 28.05
Sulphur ... e 0.13
M OISt . iteteeeeiieereiieeenanscenereanaasnsesasnonsonns 2.30
MetalliC Irom «ineriiiieniiiiieatreneenneeraecaronansosnssonns 37.72
Phosphorus ....vveiiiiiiii i et ~ 010

MUSKINGUA COUNTY?

“The Ferriferous ore, which has good thickness and continuity in the
vicinity of Gore and Baird furnaces in Hocking County, where it was
formerly extensively mined for charcoal iron, is poorly defined as it
extends northward into Muskingum County. The ore is due in all the
tewnships west of the Muskingum River, and in Wayne, Washington,
Madison, Adams, and Monroe townships east of this stream. However,
only a few scattered patches of Ferriferous ore from 1 to 5 inches in
thickness were observed in the entire area. The normal position of the
member is directly above the Ferriferous limestone or flint. The ore on the
outcrop belongs to the limonite class and is somewhat siliceous in char-
acter. It has no value as the quantity is negligible.”

NORTH CENTRAL AND EASTERN OHIO

The conditions of -deposition were generally unfavorable for the
laying down of iron ore and also for limestone on this general horizon
throughout north central and eastern Ohio. The limestone is locally de-
veloped in Stark ‘and Mahoning counties but the ore is everywhere patchy
at best and thin or nodular. No ore of value is recorded.

1Geol. Survey Ohio, Vol. III, P. 660.
2Geol. Survey Ohijo, Fourth Series. Bull. 21, p. 164,
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NODULAR OR “ORE SLATE"” ORE
INTRODUCTION

In the shale immediately overlying the Ferriferous ore in local areas
in southern Ohio nodular ore was present in sufficient quantity to be mined
during the days of the charcoal furnaces. It was worked mainly in
stripping for the underlying Ferriferous ore to which the scattered
nodules added from 2 to 10 inches of additional thickness. This ore
was best developed in southwestern Lawrence County but was found to a .
sniall extent in eastern Scioto and southeastern Jackson counties. The
ore occurred as scattered nodules and less commonly as bands of nodulés
in the shale, This shale, lying above the Ferriferous ore and below the
base of the Lawrence clay, varies from 2 to 7 feet in thickness but meas-
ures commonly between 3 and 5 feet. Under covering the ore is a sid-
erite but along the outcrop this has weathered to a limonite. Some of
the nodules appear to be made up of an aggregate of fine shot. The ore
was considered of good quality. A few sections are given to show the
geological features.

REGIONAL GEOLOGY

On fhe north side of the low divide one-half mile southwest of Etna
Junction in central Elizabeth Township, Lawrence County, the following
strata were measured :

Ft.  In
Sandstone ..ottt i i e i et e, 30 ]
Coal, good T 2 3
Clay, impure Yower Kttlanmingd . ... ... . ..coviiuiiirnnon.. .. 1
Coal, good R PN 10
Clay, siliceous, Lower Kittanning....... it 1 6
Shales, siliCeous, Eray......ceerocierriirannieninvsarioenes 2 0
Sandstone, shaly .....oiniiienniiiii i i 1 [
Shale, siliCEOUS ... .iviriiiiineiiiarieirrsaesaaasnaurcsnens .. 1
Sandstone, shaly .....coviriiireeiiiiii it 1 0
Shales, SIICEOUS v.voureieanrennereerresneeroncssaserssoncons 1 8
- Coal blossom, Lawrence.......ccovirnviiiiiiiniinnnsirsoncans .. 1
Clay, flinty, dark ] (oo JOT 1 0
Clay, plastic, dark, good B N 1 6
Clay, plastic, light, good, lL"w"’"“’]]
slightly siliceous J Lo 4 6
Shale, BIaY «.vvvvsvvvrrsnienninnnnns B DI .. 6
Ore, nodular, layer in shale,
not continuous l“ore slates” 3 .. ..o - 8
Shale, dark gray ] R DU 1 6
Ore, blocky ] . P 5
Ore, frozen to limestone gF grﬂf"m'sl ........................ .. 3
Limestone, good, Vanport...........coiiveiiiieneniennaien. 6 3
Clay, very siliceous, Clarion...... e 1 o

“On the Ironton-Oak Hill highway, nearly one mile north of Center
Station in the northeast corner of Section 33, Decatur Township, Lawrence
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County, many of the rocks are exposed from the Clarion clay to the Upper
Freeport coal. A part of this section is given below !

Ft.  In.
Sandstone, mMassive .. .....cuiuscaneennns e taereeraaicaea, 20 0
Shale, Gray ....cvovritinniinenineironsiirarrerosoaroncennes 6 0
Coal, smut, Middle Kittanning . ........oovvviviiiiiiiinennn. . 1
Clay, plastic, gray, fair......coiiiiiiiiiiiiiieeiiiiiiiaenas 5 6
Shale, gray, siliCeous. .o vuveieriiiniieiiaiiiiiieaiaannns o1 2
Sandstone, Massive .......cvuveevacncnass e, 40 0
Shale, STlHCEOUS ..vvrveriennriiiiiieriisnsaenacrninennen 2 0
Coal, weathered 1 [eeieeeiiriiiiaiiiiaianan. 1 5
Clay, impure | = e reeeas V4
Shale, dark, hard\Lower Kittanmingd .....ocooovviiiiennan.,. 4
Coal, good | R 9
Coal, bony J T . 1%
Clay, light to dark, Lower Kittanning. ................c....... 1 7
Coal, bony, Lawwrence.......c.oovveiiiiiiiiann. erarasens i
Clay, dark, flinty [or .. 9
Clay, plastie, light, excellent}Lawrence 4 ........cooviiiininnns 2 10
Clay, plastic, light, siliceous | .. ..ooiiiiinniiiiin 1 9
Shale, with ore nodules, [‘Ore Slate’] .......... ... .ooiat. 4 2
Ore, Ferriferots .....oveamnon e tincaamannaaenanans . 4
Limestone, Vomport ........ccoiiiiiimraeniuiisnniinercnns 5 6"

The deposits of this ore in Scioto County were small and were con-
fined largely to Vernon Township. Most commonly in Jackson County
the “ore slate” of the miner is replaced by siliceous sandstone. This is
also true in northeastern Gallia County.

Economic Value

In the main this nodular ore was mined incidentally in stripping for
the Ferriferous ore. Any nodules thus encountered were saved and com-
bined-amounted to a solid layer from 1 to 10 inches in thickness. The
ore is of foundry grade and yields from 30 to 45 per cent iron.

ORES IN LOWER KITTANNING SHALES
INTRODUCTION

Iron-bearing strata of considerable importance during the days of the
charcoal and coal furnaces are present in eastern Ohio in the shales lying
between the Lower Kittanning coal and the Strasburg coal. Such ores
were of most value in Columbiana and Tuscarawas counties but were
worked to some extent in Mahoning, Stark, Carroll, and Holmes counties.
Both blackband and nodular ores were present.

Along the horizon of the Hamden limestone, lying above the Lower
Kittanning coal, iron ore appears in local areas in southern Ohio. It is

1Geol. Survey Ohis, Fourth Series, Bull, 38, p. 80.
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usually more or less nodular in form and is bedded in clay shale or shale.
The largest deposits of this ore are near Hamden in Vinton County. This
ore is high in phosphorus and is of value chiefly for this component.

HAMDEN ORE
REGIONAL GEOLOGY

VINTON COUNTY*
L J

“The Hamden is one of the unsteady and variable members in the
coal formations of Ohio. It may be represented by a regularly bedded
limestone, by nodular limestone, by calcareous shale, by iron ore, or by
some combination of these. It occurs more in the form of lenses of small
or medium size than in that of a sheet of wide extent. The areal range
cf the member as now known is from Beaver County, Pennsylvania, south-
westward to Jackson County, Ohio. Future work may extend this both
to the east and to the south . In this State the material in some form on
the Hamden horizon appears in local areas in Columbiana, Mahoning,
Stark, Carroll, Tuscarawas, Coshocton, Muskingum, Perry, Hocking,
Athens, and Vinton counties.

“The limestone and calcareous shale are of marine origin as they -
bear an abundant fauna of that character, but the method of formation
of the iron ore is not so clearly indicated. Most of it appears to have
been laid down in shallow arms of the sea as a ferruginous limestone
which, during the long period since the Alleghenian rocks were elevated
into a land mass, has been so altered by ground waters, especially near
the outcrop, that the rock has lost most of its calcium carbonate and
gained in iron oxide. Such ore and in many cases the associated shale
are sparingly fossiliferous with either salt or brackish water types. In
the southern extension of the field in Vinton and Jackson counties, the
few isolated bodies of Hamden ore appear to be of true bog or swamp
origin. In the unaltered ore the iron is mainly in the form of ferrous
carbonate or siderite and in the weathered material along the outcrop and
under shallow cover it occurs largely as ferric hydroxide or limonite. The
phosphorus is held both as calcium phosphate and ferric phosphate, but
largely as the latter.

“The Hamden member lLies either directly on or only a few feet
above the Lower Kittanning coal and just below or in many places within
the body of the Oak Hill clay. Where it forms the roof of the coal, the
material is usually shale with more or less nodular limestone, both highly
fossiliferous. In a few localities such deposits consist of bowldery lime-
stone in irregular, lenticular layers, separated by shale partings. Where
bedded within the clay, the horizon is less definitely marked, the most

1Geol. Survey Ohio, Fourth Series, Bull. 31, pp. 303-5.
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common representative being concretions and ill-shaped bodies of ferru-
ginous limestone and impure iron ore.

“In Vinton County the Hamden member is poorly developed except
in a small area near Hamden Furnace in Clinton Township where it occurs
as an iron ore, rather lean in iron but rich in phosphorus. In the old
charcoal furnace at this place the ore was tried but soon condemned as
the iron made from it was hard and brittle. Later a few thousand tons
were shipped to Columbus and Buffalo to mix with lake ores in order to
increase the phosphorus content of foundry iron. The ore bodies are
present in the form of irregular lenses of small extent, but with excellent
thickness. The following record, taken at a mine on land of the Puritan
Brick Company in Section 16, shows the main stratigraphic features:

Ft.  Inm.
Shale, weathered ......cooiivreiierenrrnecneraenostonnennns 3 0
Coal, Middle KSHORRING .. ovuievinvireiensnsennensssnsons vaee e 6
Clay, IMPUre .. iiitriniesrseaeanenaarnrasssasrsnoecancanes 1 0
Shales and sandstones .........nvnviin.n. e eraer s 10 0
Sandstone, shaly, ferruginous .............cceevvevvvneenrnnnn 1 11
Ore, irregular, kidney, 1 to 5 inches, Red Kidney.............. . 2
SHaAlE, BIAY criveiiiiiir et et ann 1 7
Coal, shaly ...iiiiiiiii it ittt ireeerntearaanacsnanans .. 1
Clay, dark, part flinty, with scattered ore nodules, Qak Hill.... 2 8
Ore, Homden ....ooorviiir o iiieieieeaisceranraaroeaneen 9 0
Shale, reported thickness ...........c.ooiiiiiiiiiiiiiiiia 2 0
Coal, Lower Kittanning, reported thickness .................. 1 6

“In this deposit the ore varies from 1 to 12 feet in thickness but
measures usually between 2 and 4 feet. Its position is at the base of the
Oak Hill clay and from 2 to 3 feet above the Lower Kittanning coal. Both
the upper and lower surfaces of the ore are irregular in outline. The
material varies from red to brown to gray, depending on the state of
oxidation. It was mined entirely by stripping. Elsewhere in Vinton
Ccunty the Hamden member is of no value economically and has little
interest stratigraphically. In a few places in Elk, Madison, and Brown
tcwnships, the horizon is marked but poorly by scattered nodules of
impure ore at the base of the Oak Hill clay. Neither the limestone nor
the shaly phase was observed at any place within this area.

Economic Value

“Although the quantity yet available is small, the Hamden ore is of
some interest commercially, more for its content of phosphorus than that
of iron. The element phosphorus is very effective in increasing the
fluidity of molten iron and in preventing the oxidation of other metals
present. It thus assists in the production of sound castings in foundry
work. It is combined with the iron as the phosphide, FeP. In the Ham-
den ore the phosphorus varies from 2 to 12 per cent but averages between
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4 and 5 per cent. In general the ore richest in phosphorus is that in the
lower part of the deposit. The fluctuation in iron in the material is from
2% to 55 per cent, but the average is approximately 33 per cent. This ore
carries also nearly ome-half the bases, lime and magnesia, needed for
fluxing the silica and alumina present. Through the kindness of Mr. J. H.
Frantz of the American Rolling Mill Company, Columbus, Ohio, the aver- -
age analysis of 29 cars of ore is given below: (Percy Daines, analyst)

Dry at

212°F, Natural
Iron, Fe .iiiicriinettiiiriniit it aaararees 33.09 28.87
Silica, Si02 voviviiriinrvrsirniesens verees Chriceccne 820 8.03
Phosphorus, P ...iiniiiiiiiiiniecionsnnseraccncnns 478 4.17
Manganese, MIl ..cviviiinrneiriinniincnnnssrcnanenas 85 4
Aluming, ALOs .ovvriiiiiineerinrecenneeseseanannan 8.37 7.30
Lime, Ca0 iiiiniiiriiiiiirieriiinnrenisereninronn. 9.75 851
Magnesia, MgO ... coiiiiniiiiiaiiiiiiieninnecans 90 78
Ignition 10sS . ..ccvuiriniironevieacinanensnrancsannn 11.60 10.12
Moisture ...conveennanns Cheeareaseaseraraasanerenres e 1275

Under normal furnace practice the iron resulting from the smelting
of Hamden ore alone would have the following approximate composition :

Carbon, € oottt iriieinnetreraer aterasconraraenncreinannns 4.00
SHHECOM, S vovunririneecntsvecsnarsenrsvenceonensocarsnearenssons 2.00
Trom, e otitneiiieiieaanrennrnasacasarennterennavnaresoaananens 81.21
Phosphorits, P o.viieriniiernreneineracansesnresnassronrecnrnsees 11.73
Manganese, Mn .cocuiiincriiiriirirensisrcoransenrosanansasnans 1.06

10 1 100.00

“The product is a ferro-phosphide iron, hard and brittle, and silvery
in appearance. Such an iron is only slightly inferior to that now con-
sidered standard and used widely in foundry work. The Hamden ore has
thus a special field of usefulness in a region where such material is
frequently needed and not widely distributed.”

CENTRAL OHIO

Nodules of ore derived from the weathering of the Hamden lime-
stone are locally present in Perry, Muskingum, and Coshocton counties.
At best such deposits are from 2 to 8 inches in thickness and are confined

" to outcrop conditions. The ore is of fair quality for foundry iron.

BLACKBAND ORE
REGIONAL GEOLOGY
HOLMES COUNTY?

“No better place will be found for a brief account of a stratum in-
cluded in this general district that has provoked a good deal of discussion

1Geol. Survey Ohio, Vol. V, pp. 300-400-407,


http:3!J9...400.40

PENNSYLVANIAN SYSTEM . 167

within the last few years. [1884] It was first described by the late Pro-
fessor E. B. Andrews in a report of an examination of the then projected
line of the Cleveland, Canton, Coshocton and Straitsville Railway Com-
pany, now the Coshocton branch of the Connotton Valley Railway.

“The stratum in question is a so-called blackband deposit, immediately
over the Lower Kittanning coal (No. 5), occurring at a few points in
German township, in Holmes county, and perhaps,also in contiguous
territory. Professor Andrews describes it as follows:

‘Quite to my surprise, I found very large deposits of blackband over
coal No. 5. At one point where coals No. 6 and No. 5 are both well
exposed, the shales between the two seams, here 18 to 20 feet apart, are
very thickly studded with large nodular masses of ore, and hundreds of
tons were exposed in the immediate neighborhood. But a half mile away,
we find 10 feet or more of black bituminous shale over No. 5 so largely
charged with iron in even diffusion as to constitute a blackband ore. . .
North about a mile and a half is an extensive and elevated ridge where
the exposed blackband over No. 5 is 10 feet thick. It is of equal thickness
at another exposure in the same ridge about a mile further north. About
2% miles in a northiest direction from the last-mentioned point is another
exposure where the blackband ore is equally thick, 7 feet 6 inches being
in sight, with probably considerably more below.’

“Analyses were made of two of these deposits, one of the analyses
being supposed to cover 7 feet 6 inches of ore, and the other 5 feet 6
inches. The samples yielded of metallic iron, 27.32 and 22.62 per cent.,
respectively. These figures place the ores, as Professor Andrews justly
remarked, on a level with the Tuscarawas blackband.

“The table of analyses is given herewith from Professor Andrews’
report:

‘I give, in the following table, the results of the analyses of these
ores over No. 5 coal. All the analyses were by Prof. Wormley.

“The analyses show that the blackband ores over coal No. 5 are of
excellent quality.

No. 1 Blackband over coal No. §.
No. 2 Blackband over coal No. 5.

Analyses of Blackband Ores

1 2
Silicde acid ..oveini i e aer s .. 25.52 24.16
Volatile matter .......coiuiiiiriirrnarenroneanneens 13.30 20.06
Iron carbonate «......ceviereennioiennnenennrccnnnnen 4586 33.60
Iron sesquioxide ......ccvvvrrcvcnnnicvninnennees e 740 9.14
AlUminga .. ..vviiverninrerensrorercnrennesvirscsnnns 0.50 575
Manganese . ....uvtiiicvuaearriesarrenraiaraeaiaaas 2,10 1.85
Lime carbonate ........ SN 150 0.95

Magnesia carbonate ... ...oiiiiiii i 3.26 4.20
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SUIDRUE «n e eereieeieeraeaaaenns PR 0.17 0.30
Phosphoric acid ...ceniniiiiriiiiiiiiiiiiiiiiiiia, 0.096 0.032

99,706 100.042

Metallic ifom ....ovcvereenss RUTUUTOTTTTIRR 27.32 22,62
PhoSPhOIS  viieiiveriinenrrrennnroseneroacncenannns 0.043 0.018
Ironincalcined ore...ovvvveiiiiiiiiienniinnnnne. 43.94 3508

“Professor A. A. Wright, of Oberlin College, who made the review
of the economic geology of Holmes county for the present report, was
instructed to give special attention to these deposits. He did so, visiting
ali the accessible exposures. He sent in for analysis, samples of the 7 to
8 feet of ore on Christian Fisher’s farm, German township, perhaps the
best-known and most trusted of these deposits. The results are given
below (No. 1). The average of the seam was taken.

“Afterwards I visited the Fisher bank in person, and selected two
sets of samples, the first to show the average of the seam, and the second
to show the composition of the most promising layers. These are given
below in Nos. 2 and 3. In No. 4 the composition of the nodular ore from
the same horizon is shbwn, The samples were taken from a heavy deposit
in the Rowville cut of the Connotton Valley Railway.

“The ferriferous character of the horizon has been fully established -
by 100 miles of outcrop in the eastern counties. It is the same stratum.
viz., the Kittanning shales, it will be remembered, that bears the shell ore
and the blue block ore of Tuscarawas county, and the kidney ore of Co-
lumbiana county. It is therefore no surprise to find iron accumulated
in force at this level in Holmes county, but blackband has not been hereto-
fore reported from the Lower Kittanning seam. The Fisher bank, which
is represented in the analyses given below, Nos. 1, 2, and 3, deserves the
name of blackband ore. It has too much carbonate of iron to allow it
to be called a bituminous shale. The results obtained by Professor
Andrews would make the deposit a very valuable bed of ore. The results
obtained by the Survey do not indicate any real economic value under
present conditions of iron making. The disparity in the two sets of
analyses, it is hard to explain. Professor Andrews’ work is entitled to
respect and certainly the Survey has not spared trouble to ascertain the
facts.

1 2 3 4
SiliCa wvevreniiiiniiiaan 37.52 34.28 28.82 8.67
Iron protoxide ........... 13.75 15.29 19.85 48.11
Iron sesquioxide ......... 1.57 4.64 5,43 0.42
Aluminag .......oceeenune. 13.81 4.47
Manganese oxide ........ ¢.04 2,07
CLAME e 2.95 5.15
Magnesia ..cocoiivninannn e 0.94 2.09
Carbonic acid ............ e 15.48 32.14
0.275 1.176

Phosphoric acid ..........
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Sulphur ................. 1.810 ¢.178
Water and organic matter. .... e 8.95 0.25
Moisture .....o.cvvvninnn 0.38 0.12
98.41 100.44
Metallic iron ....... U 11.80 15.15 19.25 33.85
Phosphorus .............. 0.160 6.071 0.120 0.513
Sulphur ........... ... .. 0.699 235 1.R10 0118

“The discussion can be summed up in few words. If there is any
considerable body of ore, 3 feet in thickness, let alone the 6 to 10 feet
reported, that will yield before calcination from 22 to 27 per cent. of iron,
as shown in the above quoted tables, the work of iron manufacture may be
begun immediately, and its success can be guaranteed, so far as ore is
concerned. No such body of ore was found by the Survey. On the
other hand, if the Fisher bank fairly represents the blackband of this
district, then iron-making can not be successfully begun here in our day.”

NODULAR ORE IN SHALES®
REGIONAL GEOLOGY
COLUMBIANA COUNTY

“The ore production of Columbiana County stands by itself among
the mining interests of the State. Not a pound of ore is taken directly
from the horizons that supply it, but the ore mining of the county ix
altogether placer mining. The gravel beds that fill the vallev of the
Middle Fork of Little Beaver constitute the present [1884] available ore
deposits of the county. These gravel beds are dug over and sifted, and
the ore is selected from the other materials by hand picking.
~ “The ores of the county all belong to the class of kidney ores. They
are chiefly derived from two horizons, but additions are made from two
others to a small extent. The main horizon is the shale between the
Middle Kittanning and the Lower Kittanning coals.

“The kidneys between the Kitranning coals are gathered into a more
definite horizon, and it may be possible to find localities in the county
in which they can be worked with profit in their native beds, as in adjoin-
ing counties. So far, however, no such accumulations have been reported,
and their whole production is confined to the placer accumulations of the
valley of the Middle Fork. , ,

“The ore exists in all cases as weathered ore. The crust, at least.
of all the kidneys has been converted into limonite by atmospheric agencies.
These ores are within reach of such agencies in the valley deposits, which
are freely permeable, and it is also quite possible that a part of the process
of oxidation was carried on before the kidneys were buried here. These

Hzeol. Survey Ohio, Vol. V, pp. 384-886.
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accumulations stand for the work of the ages, the separate blocks having
been mined out by erosive agencies of the drainage streams through many
thousands of years. Even ii the work of accumulation should be limited
to the time that has elapsed since the Glacial epoch, a vast period would
be available for this history, but there does not appear to be sufficient
reason for restricting the work to post-glacial time.

“It is believed that the best of these supplies has already been taken.
A large acreage is exhausted, and no considerable territory remains to be
attacked, at least under the same favorable conditions that have heen found
hitherto. The excavations are carried as low as 20 feet in extreme cases.
Generally they do not go down more than half this distance.

“The field already worked lies along the West Fork Valley from a
little below Teegarden’s Mills as far soutlr as Elkton. The southern ter-
ritory has proved the best. It was not found possible to determine the
percentage of yield in the worked deposits, nor to refer the kidneys as
they occur to their several sources. Both these questions admit of answers,
but the answers would require more time than was available.

“The character of the ore is excellent, as is to be expected- from the
Lorizons to which it belongs. Its use has been mainly confined to the
Leetonia furnaces.”

The following analyses are representative.!

“No. 1 Iron ore, Lisbon, sent by H. C. Bowman, shell of ore.
No. 2 Nucleus of iron ore.

No.1 No.2

SPecific Gravity ....ieveiiereeiieriencrnenarnsatonans 3.211 3.658
Water combined .........c.ciiiiiiiiiiiiiiniicnnens 10.55 vees
Siliceous matter ........c..veeiiiiaian e teeeenaes 11.25 9.20
Alumina ... ..ttt et i, 1.20 1.60
Iron, carbonate .........ccccviiiiiiiiiiiiii, ceed 68.08
Iron, sesquioxide ..........coveiviiiiiniieaa... 71.8%8 7.62
Manganese, oxide ....... ... ..l 1.90 2.80
Lime, carbonate ................iiiiiiiiii., 1.96 5.20
Magnesia, carbonate .......... ... ... . ., 0.81 4.76
Sulphur ... .. 0.08 0.18
Total ..ol ittt e 99.13 99.44

Iron, metallic .....ccvevnriiiiiiiniiiiinieerennnnnnn 50.32 38.21
Phosphoric acid ....cvievieniiinniiiiiieiiiiiiien. 0.51 0.59

TUSCARAWAS COUNTY*

“The kidney and block ores of the counties now under consideration
remain to be briefly noticed. They are limited to the two counties, Stark
and Tuscarawas, and almost exclusively to the latter.

“The kidney ores will be first treated. Mention has been already

1Geol. Survey Okio, Vol. III, p. 130. ] -
3(Geol. Survey Ohio, Vo. V, pp. 398-399.
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made of the occurrence of many nodules and kidneys in the shales above
the blackband, which are often mined with the latter. These require no
further notice, and only one horizon needs to be named as a further source
of kidney ore in this district. The Kittanning shales, or the 20 to 40 feet
of clay and shale that separate the Lower and Middle Kittanning coals,
have already been shown to be a chief repository of kidney ore in the
territory to the southeast of this. The ‘placer’ mines of the Little Beaver
Valley have obtained most of their ore from this source, as has been
stated. But the same stratum proves even richer in ore as it is followed
to the westward. At least the kidneys are gathered here into a distinct
- seam that justifies mining on a small scale.

“The ore is known in Tuscarawas county as shell ore. Its place is
immediately under the thin seam of coal that comes into the section locally,
midway of the Kittanning shales. This leaves the ore about 20 feet above
the Lower Kittanning coal (No. 5) and about the same distance below
the upper seam (No. 6). The ore occupies 4 or 5 feet of white and
purplish clay, and will aggregate 12 to 18 inches in thickness. In quality
it is excellent, only the mellow and aerated kidneys having been reached
thus far in the simple style of mining followed. All the ore that has yet
been dug, has come from the shallow benches cut down around the edges
of the hills. It is only in the neighborhood of the furnaces, and along
the lines of the railroads, that mining has been carried even as far as this.
It is not known that a single drift has ever been carried under the hills
in pursuit of the kidney ore.

“This horizon can scarcely maintain itself in present competition with
the blackband hills where nothing less than 2 feet of ore is counted
mineable, and where the average of entire acres will exceed 5 feet, but
it is well to remember that the kidney ore is here, and that its aggregate
iti the county vastly exceeds the more conspicuous source which the iso-
lated caps of 40 or 50 separate hills, scattered through 100 or more square
miles of territory, contain. Small supplies can be continued to local fur-
naces for a long while to come.” '

The quality of the ore is shown by the analyses given below :

No. 1. Mineral Point, over coal No. § raw. (Wormley)

No. 2. Mineral Point, over coal No. 5, calcined, (Wormlev)

No. 1 No.?
Specific gravity ... 3.434. 1.076
BT 0.00 2,928
Iron, sesquioxide ...........c... i, 7.60 75.00
Iron, carbonate ......... ... ... ... ... ooi.... 64.17 0.00
Siliceous matter .......... e, R.96 8.46
Alumina ... e 2.60 0.60
Manganese .......c.cciiiiiiiiiiii e e e 1.35 1.85
Lime, carbonate ...........oiiiiiiieiiniiaiaiann.. 7.35 e
| 511 S e 5.94
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Magnesia, carbonate ........... ..o, 6.50
Magnesia ...c.ooiiiiiiiii i e i e it e e e 3.64
Phosphoric acid ..ot 0.863 1.26
Sulphur ... e e 0.18 0.12
99.573 99.15
Metallic iron .........ciiivieeninninnn.n et 36.31 52.50

Analyses of the nodular ore, both raw and calcined, from above the
Lower Kittanning coal at Zoar and representative of the material are
given below.? Analyst Downs Schaaf.

Raw ore Roasted ore

Silica, Si02 «vviiiii i i i et 10.72 15.24
Alumina, ALO: .......ciiiiiiiiiiiiiiieae.. 4.45 6.20
Ferric oxide, Fe:Ox ..o, 1.11 44.78
Ferrous oxide, FeO ......... ..., 38.08 13.66
Pyrite, FeSz . ..ocvvieiiiii e e 0.42 0.05
Magnesium oxide, MgO ............. ...l 3.75 5.10
Calcium oxide, CaO ................oiiieiiiiiinn, 5.19 7.00
Sodium oxide, Na:O .............ccoviiiinnan.. 0.12 0.16
Potassium, oxide, K-O .............ccoioeviinnn.. 0.19 0.27
Water, hydroscopic, H-O— ........................ 0.77 0.32
Water, combined, H-O4+ .......................... .10 0.10
Carbon dioxide, CO:z .........ooiiniieiniaan... 30.20 2.40
Titanic oxide, TiO: ....coviniiiiiiiiiiinniiannn.n 0.22 0.31
Phosphorus pentoxide, P-Os ........................ 1.83 2.50
Sulphur trioxide, SOs .....voveiiiiiiiiianennnn. 0.02 0.75
Manganous oxide, MnO ..................... ..., 1.06 1.48
Zirconium oxide, ZrO: ............coiviiiiiiiin. <0.01 <0.01
Carbon, Organic .....coevevniiinirnreennennuneeennn 0.92 0.02
Hydrogen, organic .........ccvevvivinienernnnnnnnns 0.12
Metal components:
Iron, Fe covvninneii ittt eeeeianens 30.48 41.96
Manganese, Mn ........ ... i, 0.83 1.15
Phosphorus, P ....coovviininnenn... U 0.80 1.09
Total ......ciiiiiiiiiii 32.11 44.20
Slag components
Calcium oxide, CaO .............coiineea.... 5.19 7.00
Magnesium oxide, MgO ................o.aln 3.75 5.10
Sodium oxide, Na:0 .........cccviviveiinnnn.. 0.12 0.16
Potassium oxide, K-O......................... 0.19 0.27
Total ..ot 9.25 12.53

SNOW FORK ORE
INTRODUCTION

“In parts of Columbiana County® a thin bed of fresh water lime-
stone is found at or not far below the base of the Middle Kittanning clay

- 1Unpublished analyses in files of the Geol. Survey of Ghio.
2Geol. Survey Ohio, Fourth Series, Bull. 28, pp. 116-150.
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aud on or only a few feet above the QOak Hill clay where this member
is present. . . . In Columbiana County the Salem limestone lies from 4
inches to 10 feet below the Middle Kittanning coal. The usual measure-
ment, however is 1 to 3 feet. Where both limestone and Oak Hill clay
are present, the limestone lies directly on or only a foot or two above the
clay. The Salem member varies in thickness from 3 inches to 1 foot 2
inches but averages nearly 8 inches. . . . It is generally siliceous and
ferruginous and in places changes into a calcareous sandstone and in other
places intc an iron ore. The fauna indicates that the limestone is of
fresh water origin.”

" REGIONAL GEOLOGY

Locally in the Hocking Valley ore at this horizon was mined for a
part of the burden of the coal furnaces. It was worked most extensively
on Snow Fork for Akron furnace and was known locally as the Snow
Fork ore. Andrews states:* “Nowhere have we found so persistent a
horizon of ore as that found a few feet below the great coal seam [Mid-
dle Kittanningl. Scarcely anywhere was a section made of this part
oi the vertical range of strata without the discovery of this ore. It is
in nodules, often small, but sometimes very large and heavy. Unfor-
tunately, the nodules are generally too much scattered to make mining
profitable, yet there are doubtless many places where this ore might be
_obtained by stripping, in sufficient quantity to serve a valuable purpose
for mixture. A sample obtained on the land of James Hawkins, on Snow
Fork of Monday Creek, in Ward Township, Hocking County, was ana-
lyzed by Prof. Wormley. The result is given below:

Specific gravity ......... R e raereaa e e e raiaaeann 3.200
Protoxide of I10m ..vvivinersnsessnosrinrretneaeencaronecrnnes 37.22
Sesquioxide of iron ................ et it tee ey 3.64
Manganese ......coeeecnnnnns r e arae e e e e aeaaaen 1.20
Alumina .......cc.ciuues h et ee et et eaanaa e e e ey 0.60
Lime ..cvivevennennnnnn., Ceenen e meeae e e, 2.40
Magnesia .....ooviiiinnnn.. e e etk 2.16
FOTeign Matter ....vuuuenrecrereeanonnesoseereeennaneenennunas 18.82
Carbonic acid ...vvevrreviiniiiinrorer e 27.00
Combined Watlr ...uvueinirinn i irenneoeernannuennaeeaaeeeennnnnn 4,40
50T N e 2008
L7 PN 100.00
Metallic 110N ..vi.ii it it et e 31.50

“The ore is a siderite or carbonate of iron, and vields 31.50 per cent
metallic iron. It is often filled with beautiful impressions of coal plants.
“On the farm of Benjamin Saunders, on the west bank of Monday
Creek, the stream has cut its way below the great seam of coal [Middle

1Geol. Survey Ohio, Report of Progress, 1860, pp. 124-127,
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Kittanning], and revealed the same range of nodular ores, found below
the coal on Snow Fork and elsewhere. The ore is rich in iron, but the
nodules are too much scattered to make mining profitable. Generally in
the upper Sunday Creek valley, this ore would be several feet below the
beds of the streams.

“Immediately below the Great Vein [Middle Kittanning coall are
frequent outcrops of a compact, very hard, blue carbonate, which appears
of good quality, the nodules, sometimes, being of large size. . . . This
horizon is accessible in most of the territory north of Moxahala Village,
Perry County, and the indications of the presence of the ore are in all
respects favorable.” !

“On lower Monday Creek, and on Snow Fork, the ore is in flat
discs, which contain coal plants in a state of beautiful preservation. The
same nodular ore is seen under the Nelsonville coal, near the mouth of
Meeker Run."”?

YELLOW KIDNEY ORE
INTRODUCTION

. “A much more valuable ore, and the only seam of the entire series
that is worked at a considerable number of localities, [in the Hanging
Rock Iron District] is the Yellow kidney ore. Its place is go to 100 feet
above the Ferriferous or Vanport limestone, or from 40 to 50 feet above
the ore last mentioned [ore below Middle Kittanning coal]. It belongs to .
the horizon of the Lower Freeport limestone, sometimes replacing it, and
sometimes accompanying it. The kidneys are found scattered through 4
to 6 feet of shale, and when all are counted, the aggregate ranges from
6 to 10 inches in thickness. The ore is valued as highly as any that comes
to the furnaces of the district [Hanging Rock]. It can be mined only by
stripping, and consequently the ore is at its best. The diggings are no-
where extensive, but the seam is opened at a great number of places.
This ore underlies the Lower Freeport or Hatcher coal by a few feet.
It is most largely worked on Howard and Buckhorn furnace lands, but
it is also mined in considerable amount at Centre, Olive, Mt. Vernon,
Hecla, and Little Etna Furnaces.” *

REGIONAL GEOLOGY

“Between the Middle Kittanning and Lower Freeport coals there
occurs in places in Lawrence County a fresh water limestone [Lower
Freeport] which is often very ferruginous. In fact, along the outcrep
it is often an iron ore and is characterized by a high content of phosphorus,
which makes it valuable for some grades of iron. This deposit is best seen

3Geol. Survey Ohio, Vol. IIL, p. 674,

*fdem., p. 866.
3Geol. Survey Ohio, Volume V, p. {83.
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(9] ]

in small areas in Hamilton, Upper, and Elizabeth townships. The thickest
deposit of ore noted on this horizon was in Mile Hollow, on Osborn Run
on the property of the Hanging Rock Iron Company, where the following
record was obtained :

Ft.  In.
Clay, bluish, plastic ... oottt it cies s 3 -
Ore, Yellow Kidney ......ounniirininiiaiearsenananansaaanns 3 6
Sandstonie and covered. . ...t 44 ]
SaAndStONe . .ovvniiiniaerensenearanieo e e anaan 20 0

Coal horizon, Lower Kittanning,

“The Yellow Kidney is a calcareous, high phosphorus ore with suffi-
cient iron to make it worth while for furnace use. As a general thing
it is more than self-fluxing, which adds materially to its value. There
are two benches of the ore, the upper one of which carries the largest
percentage of iron. This ore was used to a small extent by the charcoal
furnaces, and has also been used occasionally by the present furnaces. An
analysis of the ore furnished by the Hanging Rock Iron Company fol-
lows :* :

TEOM, F€ «ennetene e e e e e et e e 34.00
Silica, Si0: ........ e e et aaaaaan 5.85
Alumina, ALOs ................ e ek taa e aa e 3.66
Lime, Cal ... i e i i e et 10.50
Magnesia, MgO ... ..o iiiiiii i i e 0.38
BT 353518 G AN 0.068
Phosphorus, P ..o i i e 2.393
Manganese, Mn ......iiiniiiiiiiini ity 0.94
Tgnition 10Ss ..oviiirnreniieine e anraaianaarcaereneacanaan 13.60
Hydroscopic Watr - ..vueeeenoneennefnmeanannanencoueanarananns 2.00"

SOUR APPLE, STRAITSVILLE ORE*®
INTRODUCTION

“In the Upper Sunday Creek region, and northward to New Lexing-
ton we find an ore horizon a little above the Norris coal {Lower Freeport].
This ore is locally called the ‘Sour Apple’ ore, from an apple tree near
one of the exposures of this ore, the apples of which were quite disappoint-
ing to a party of explorers. It is about 15 feet above the Norris coal.
[Lower Freeport]. .

REGIONAL GECLOGY

“On the farm of Wesley Moore, in Pike Township, Perry Couunty, this
ore is nodular and embedded in white clay [Bolivar]. The nodules are scat-
tered through 2 feet 8 inches of clay, and if in solid mass would form

iGeol. Survey Ohio, Fourth Series, Bull. 20, pp. 396-397.
2 Geol. Survey Ohio, Vol. 111, o. 857: Vol. \", pp. 405410, .
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a layer of 8 to 10 inches in thickness. On the land of Mr. Harper, a little
south of New Lexington, the same ore is in good development,

Analyses of “Sour Apple” Ore

No.1l Wesley Moore’s.
No.2 From Harper’s farm.
No.3 Ore reported seven feet above Norris coal at Moxahala.

No.1 No.2 No.3
Water cavienioinnaann Cevienecireans 5.80 12.00 1.60
Silicic acid ..o.ooiiiiiiiiiiia 15.32 14.96 13,96
Iron carbonate ............... ...l eens e 44.91
Iron sesquioxide ..........c....ovl. 66.66 66,44 IR.5T
Aluming . .ovevnerrrineneniaiininana, 2.20 3.20 0.40
Oxide manganese .................... 1.80 0.50 0.42
Lime phosphate ......... e eseerraenas 0.89 0.51 .
Lime carbonate ..... v resersenreian. 4.84 2.80
Magnesia phosphate ................. eees 2.06 A
Magnesia carbonate .............. ..., 1.39 cees 4.69
Phosphoricacid ....coovenviiiiiii cenn cees 0.32
Sulphur ...ttt 0.13 0.08 0.33

99.03 99.74 e
Metallic iron .. .conivrecniiveninrvanes 46.66 46.57 41.68
Phosphoric acid .........oooiiaall 0.41 1.35 0.32

No. 1 and No. 2 by Prof. Wormley; No. 3 by E. S. Gregory.

“A partial analysis of a sample of this ore from Sunday Creek gave
43.06 per cent of iron. In places this ore will contain too much phos-
phorus, but it often appears promising. Where I have seen it, it is nod-
ular, but further explorations may reveal it in a regular layer. South of
New Lexington considerable quantities of it may be obtained by easy
stripping.” ‘

The Straitsville ore belongs to the horizon of the Bolivar clay, under-
lying the Upper Freeport coal by 10 to 30 feet. Its position is thus 6o
to 7o feet above the Middle Kittanning coal.

“The Straitsville ore has been mined in a large way at but a few
points, viz., in the hills adjacent to New Straitsville, from which several
thousand tons were taken out a few years since [1884] and from the
vicinity of Moxahala, where many unsuccessiul efforts have been made to
find in it a safe basis for iron manufacture. It is known here as the
Sour Apple org, or as nodular ore.”?

BUCHTEL OR BESSEMER ORE
INTRODUCTION

The Upper Freeport limestone maintains fair continuity across
Ohio, but it undergoes variations in thickness, in character, and in

1Geol. Survey Obio, VoL V, p, 410, -
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position. It is of fresh water origin and therefore belongs below a
coal bed, the Upper Freeport member. Usually the limestone is found
irom I to 10 feet below the coal, the two being separated by clay. The
limestone is best developed in the eastern part of the State. In central
and southern Ohio the limestone is less certain in development and the
deposits become more ferruginous in character. Here, locally, the con-
ditions have favored the weathering of the limestone, with the substitution
of iron, FeO, for lime, CaO, to an iron ore. This condition prevails along
the outcrop especially in parts of Athens, Hocking, and Perry counties,
where formerly this ore was the main reliance for several furnaces.

REGIONAL GEOLOGY

In his report on the Hocking Valley, published in 1878, E. B. An-
drews states as follows about the Bessemer ore:!

“The next ore of importance above the ‘Sour Apple’ ore is the
Bessemer ore. This has its most marked development at Bessemer [now
Buchtel], Athens County. At the Akron furnace, at Bessemer the ore
is, by instrumental measurements, 83 feet above the floor of the Nelson-
ville [Middle Kittanning] coal. A little above the ore is seen at one point
a seam of coal believed to be the Bayley’s Run seam [Upper Freeport].
At the outcrop the ore is nodular, but a little drifting reveals a layer of
blue cirbonat_p, which, at one point, I found to be 2 feet 7 inches thick.
Resting upon this layer are thickly packed nodules of ore, the mass averag-
ing, according to Mr. Thomas Black, 1 foot 6 inches in thickness. The
ore is generally more or less oxidized on the outcrop, but in the drifts
becomes hard and blue. At first it was supposed that the overlying
nodules were chiefly composed of carbonate of lime; indeed they were
called “lime bowlders,” and were to be used in the furnaces rather as a
flux than as an ore, but it is reported that they have been found, by trial,
to be a useful ore. T have no analyses of the Bessemer ore at this place.
The ore is siliceous, and obviously not very rich in metallic iron. It doubt-
less contains phosphorus enough to make the iron cold-short; but it is
abundant and near the furnace [Akron], and can be obtained very cheaply.

“The Ogden furnace, higher up the valley of Snow Fork, [south-
east quarter of Section 2, Ward Township, Hocking Counti;] obtains
its native ore from the Bessemer seam. The ore is similar in dppearance
tc the ore at the Akron Furnace. The lower bench is reported to be
from 10 inches to 2 feet in thickness, with an estimated average of 15
inches. Upon this rests a layer of the so-called “lime bowlders,” the mass
ranging from 1 foot to 1 foot 8 inches in thickness. I have no analyses
of the ore of the lower bench, but the nodules above are reported to
vield from 8 to 20 per cent of iron.

“On the Cawthorn farm, on Mcnday Creek, near Bessemer, [ Buchtel]

1Geol. Survey Ohio, Vol. ITI, pp. 868-872.
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the Bessemer seam of ore shows a fine outcrop of nodules, in all from 4 to
5 feet in thickness. There is no drift opened [1884] to reveal the thick-
ness of the lower bench of ore. Here the ore is, by Locke’s level, 83 feet
above the bottom of the Nelsonville [ Middle Kittanning] coal, and 17 feet
above the limestone, which,at this place, is from 3 to 4 feet thick. Some
vears since I obtained a sample of the outcrop ore, thoroughly oxidized,
which Prof. Wormley analyzed with the following results:

R R U PP 10.70
IS 1 T (o Yo U« (AP 36.45
AlUMING cir it i ettt et et eeaana, 0.18
Lime phosphate ......ccoiiiiiniiiiiiiiiiiiiiniiiiiiniananeens 0.62
Magnesia carbonate .........oiiiiiiiiiiiieieteite e 0.52
Magnesia phosphate .........ciivviniiiiiiinen. et 0.33
Iron sesquioXide ......ccocivieinennrnniennnceeriseeennnnenns ... 90.50
I3 33T 1 o .06

o - 1 99.36
Metallic IrON . .o..riiereennnneeeeennonceacerosnnsneenseasnnans 35.35
Phosphoric acid ...covivieiiriiiiine i ieariana i 0.48

“The ore contains an undesirable percentage of silica, but in other
respects is of fair quality. When the mine is driven under the hills, the
ore will become a blue carbonate, but probably much oxidized ore mpay be
obtained by stripping along the outcrop. Here, as at the Akron Furnace,
the ore, limestone, and coal are all in the same hill and can be put into
a furnace at very small cost.

“On Meeker Run, below Nelsonville, the Bessemer ore, 1 foot 11
inches thick, is reported on the land of J. L. Gill, Esq. It is 76 feet
above the Nelsonville [Middle Kittanning] coal. It is 11 feet 7 inches
below the Bayley’s Run [Upper Freeport] coal, here about go feet above
the great seam. About 12 feet below the Bessemer ore is the limestone,
2 feet 10 inches thick. ]

“I have little doubt that the Bessemer ore will be found extensively,
in the hills west of the Hocking River, in the vicinity of Nelsonville. 1
think I have seen traces of it on Floodwood, and it is reported at Salina
[Beaumont], and as far north as Lick Run. In the hills between the
Hocking Rgver and Monday Creek it is often seen. W. B. Brooks, Esq.
reports its existence, in fine thickness, on his coal lands in Section 19.
Ward Township, Hocking County. It is said to be nodular above and
in a solid layer below. This ore is about 85 feet-above the Nelsonville -
[Middle Kittanning] seam of coal and 18 to 20 feet above the limestone.
The Bayley’s Run [Upper Freeport] coal, 3 feet thick, is found a little
above the Bessemer ore.

“The Bessemer ore is reported by Mr. F. Baird on the lands of the
Monday Creek Iron Company [Section 14, Ward Township, Hocking
County], but at the time [1884] of my visit the test pits, which had re-

\
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vealed it, were not open. The same ore is reported at Carbon Hill. On
the coal lands of Peter Hayden, Esq., a somewhat remarkable deposit of
ore is found in the horizon of the Bessemer ore, 87 feet above the floor
of the Nelsonville [Middle Kittanning] coal.

“At several points the ore on the Bessemer level is well opened and
exposed. It is generally a dark red ore, well oxidized. In one hill the
ore ranges in thickness from 1 to 4 feet. Over it is a thin siliceous
band 4 inches thick, and above this from 2 to 20 feet of clay, in which
are occasional nodules of ore—some quite large. In another hill a pit
revealed 1 foot 8 inches of the same red chalky ore.

“In a third hill the ore is nodular, but still red. The nodules are
imbedded in a fire-clay and the clay sometimes forms a part of the nodules,
giving them a peculiar mottled appearance. Over these nodules is a layer
of light colored limestone, but this sometimes becomes nodular. There
is evidently a large quantity of the red ore on the estate [Peter Hayden’s].
Two analyses of the red ore have been made by Prof. Wormley, with the
following results:

. No. 1 No. 2

Specific gravity .......coiiinn erereienaeaianeees 2.558 veen
Water combined ....vivvrevencnrrrivenescnes sreese 3.00 1.70
Siliceous matter . ......eevvavune e rerearaaraneae 28.20 24.52
Iron sesquioxide ..........ccvveciuiannn breaee e 43,51 44.29
Aluming ............ Cerennnnanaen eeveeemnereraeas 2.00 1.80
Oxide Manganese .....ccevvresnesess fenveraeeranes 1.00 0.75
Lime carbonate .............. etsteemnra e 21.21 21.99
Lime phosphate ............c.... e .. 041 2.49
Magnesia carbonate ..... e rrereeararrae ety 0.52 1.36
SHlphur ..o e i 0.12 0.10
Total . i e 99.97 99.00

Metallic Irom «.vviirviienrencncnenurennnsnesacssns 30.56 31.00
Phosphoric acid ....cooviiviiiiiiiiiiiiieinien.. 0,19 1.14

“The phosphorus in one of the samples analyzed by Prof. Wormley
is pretty large, but that in the other is quite small for an ore from our
Ohio Coal Measures. The peculiarity of the ore is the large percentage
of lime carbonate disseminated through it. Thus brought into imme-
diate contact with the particles of silica, the lime will serve an admirable
purpose for flux, and the ore will scarcely require any added lime in the
furnace. The ore is a very peculiar one, and a little special practice with
it may be needed to show the best manner of treatment in a furnace.

“On lower Sunday Creek, in Trimble Township, an iron ore found a
little below the Bayley’s Run [Upper Freeport] coal has been reported.
The ore is nodular, but the nodules are often large. Further exploration
may reveal its existence in a solid layer. A sample was analyzed by Prof.
Wormley.
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RS S AU 6.15
1T 7 SN 18.44
Iron carbomate .. ..oeininiin i it e 31.16
Iron sesquioXide .....vvnnvnrenonoririrane e 26.68
Aluming ...covnvinienennnns R 2.20
Oxide Manganese .......o.veeiiiriirennncniranrriserneneievanns 5.30
Lime phosphate ........ Rt 0.21
Lime carbonate ......ooivnirintaiiiiiiiit e 5.25
Magnesia carbonate ... ...ttt i i 4.54
1§ 5) T O SN .06
Y 99.99
Metallic IrOn oovvutiniieiint e tiiruosrcsacanaiiatasransoanes 33.72
Phosphoric acid ... .ottt e 0.107*

“An entirely similar association of buff limestone and ore is met,
for the third time, at 10 to 15 feet elevation above the last named bed,
[Upper Freeport limestone], or at about 75 to 85 feet above Coal No.
V1. The ore now to be considered is better known than either of the
others [Norris and Straitsville ores} which it resembles so closely. It has
had, heretofore, a very unfortunate desighation, viz: the Bessemer ore, the
name being derived from the site of the Akron Furnace Company on
Monday Creek, in the Hocking Valley. It can well be substituted by the
name of the enterprising head of the Akron Company, and the ore will
be here known [named by Orton] as the Buchtel ore.

“Except the Great Coal seam [Middle Kittanning], no other stratum
of the Hocking Valley has awakened [1884] so much interest and excite-
ment as the Buchtel ore. Its outcrops in the vicinity of Akron Furnace
show a wall from 3 to 6 feet in thickness, and it is evident that the ore
may be quite lean and yet make a valuable contribution to the iron manu-
facture of the State. The ore contains from 20 to 30 per cent of iron under
cover, the average of many analyses being about 24 per cent. The per-
centage of silica varies, being sometimes, though rarely, as low as 8 per
cent, but the usual figures vary between 12 and 20 per cent. The average is
not less than 15. It is to be remembered, however, that in the lime of
which the ore carries a notable percentage, a part of the flux is contained,
and the percentage of silica can accordingly be looked upon as the double
one of ore and flux.

“The results obtained from Akron Furnace have been watched [1884]
with great interest, as widely different views have been held in regard
to the character and availability of the seam. On the whole, it can be
said that a considerable value has been shown to belong to the seam in
this immediate locality.”™

“The Buchtel ore has by far its best development in the vicinity of
Buchtel Furnace, where also it has been largely worked, and the location

1Geol. Survey Ohio, Vol. III, pp. 860-872.
2idem., pp. 908-510.
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of which was fixed in part by the presence of these deposits. The Buchtel
ore is a lean carbonate of iron, always calcareous, and often passing by
easy gradations into an impure limestone. The nodules or bowlders that
compose it are of large size, and are very hard and heavy. They are
imbedded in clay, and are light gray in color, sometimes inclining to blue.
The thickness of the seam at its best is between 5 and 6 feet, and there
are considerable areas where it exceeds 2 feet in thickness. The upper-
portion, where the seam is thickest, generally consists of a separate layer
of nodules, more calcareous than the main seam, and called distinctively,
bowlder ore. The outcrop ore is rough and unpromising for the most
part, though an occasional mass of fair quality is found. Analyses of
seven samples, selected from the stock pile of calcined ore at Akron Fur-
nace, when the seam was first worked, showed an average of a little less
than 21 per cent of metallic iron [Howard]. The bowlder ore was mined
with the rest of the seam at this time. When this is left out, the percent-
age tuns higher. The best of the calcined ore is said to yield 33 per cent
in the furnace. There is a considerable amount of lime in it, but the
proportions are entirely uncertain, and it can never be safely used for flux.
There is no way of knowing what proportions of iron and lime go into
the furnace top where the products of this seam are used.

“The same seam has been mined on a large scale at the new furnaces
[1884] at Floodwood. The ore taken out was mainly outcrop ore, and
it thus makes the best possible showing for the seam, . . . This stratum,
though massive and conspicuous, is not, therefore, considered as adding
to the resources of the valley [Hocking] in iron manufacture.”™

BLACKBAND ORE, UPPER FREEPORT COAL HORIZON
INTRODUCTION

The Upper Freeport coal, marking the top of the Allegheny series,
is one of the prominent fuel-bearing members in Ohio and crosses the
State from Columbiana County on the Ohio-Pennsylvania line to Lawrence
County on the Ohio River. The member is characterized by variations in
thickness and in quality. The horizon may be marked by thick beds of
coal, by mere soot streaks of carbonaceous matter, or by intermediate
phases. The overlying shales, locally, are rich in ferruginous matter, thus
becoming the blackband ores that formerly were so useful in iron smelting.
Deposits of this character are most abundant and have been most exten-
sively worked in Tuscarawas County. They are present also hut to a
less extent and with less purity in Stark, Carroll, Guernsey, Perry, and
Gallia counties.

1Geol. Survey Ohio, Vol. V, pp. 410411,
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REGIONAL GEOLOGY
TUSCARAWAS COUNTY

“The Upper Freeport coal is quite a constant feature in the sections
exposed in Tuscarawas County, but throughout the northern and central
townships, it has little economic value. On entering the county from the
- north, it is first seen in the tops of the hills about Zoar Station, and thence
southward, is continuous in all the highlands, to the Guernsey County
line. It is locally known as the blackband coal, from the fact that the
important blackband deposits of the county rest directly upon it, and hence,
its "place is well known to a large part of the inhabitants. On the old
furnace tract at Zoar Station, Coal No. 7 is 3 to 3}4 feet in thickness,
soft, sulphurous, and poor. In the highlands, between the Conotton and
the Tuscarawas, it is shown in all of the blackband ore mines, being usu-
ally taken out with the ore. 1t is here from 1 to 2 feet in thickness and
generally quite sulphurous. In the highlands west of the Tuscarawas,
in the townships of Salem, Bucks, Auburn, and Sugar Creek, quite a large
territory lies above the horizon of coal No. 7, and it is opened at numerous
localities, in connection with the important deposits of blackband ore
fcund there. Throughout this region the coal is thin and poor.”™

“The blackband ore of Tuscarawas County has been so fully investi-
gated during the forty years [prior to 1878} through which it has been
scught and worked, and so fully described in our reports, that compara-
tively little will need to be said of it here. It is already known to most
persons that this variety of ore is simply a black bituminous shale im-
pregnated with iron. The degree of impregnation varies greatly ; most of
our black shales contain some iron, but generally too little to have any
value as ores. In these varieties which are classed as blackband ore, the
quantity of metallic iron varies from 25 to 40 per cent.

“To an uneducated eye this material has very little the appearance.
of an iron ore, and would be, and doubtless has been, frequently passed
as simply a black shale. It is highly charged with carbonaceous matter,
and its specific gravity is usually not so high as to arrest attention. Its
valuable properties are therefore so much masked that it was rather by
accident than otherwise that Mushet in 1801, discovered the value of the
blackband of Scotland, and laid the foundation of the great iron industry
of that country. To a practiced hand the greater weight of the iron-
bearing shales will serve for their detection, but where the quantity of
iron contained can not be conveniently measured, a sufficient test will be
afforded by burning a heap of shale in the open air or elsewhere, when,
if it contains iron enough to be valuable, this will ‘loop,” as it is said,
that is, will agglutinate and form scoriaceous masses of great density.

“When subjected to the action of the weather the blackband ore
decomposes like any other shale, and its carbonaceous matter being re-

1Geol. Survey Qhio, Vol. III, p. T2
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inoved by oxidation, it falls into a mass of thin brown or rusty flakes,
which, though looking no more like iron ore than the unchanged material,
should be recognized by the explorer, for this is the only form of the ore
which will be exposed to his examination in natural outcrops.

“The geological position of the blackband of Tuscarawas county is,
as has been stated on a preceding page, immediately above Coal No. 7,
and at the base of the Barren Measures. This is a strongly marked .
iron horizon, although the ore found here varies considerably in character.

“It would seem that this ferruginous deposit was made by the drain-
age from a surrounding land area into a circumscribed basin of compara-
tively shallow water. In some parts of this basin carbonaceous mud
heavily charged with iron accumulated, which subsequently formed the
blackband; in others clay without vegetable matter, but generally contain-
ing considerable iron, and this, as is wusual in such cases, subsequently
segregated to form nodules of kidney ore. In the deeper portions of this
basin, where the water was clearer, a limestone was deposited, and this
also, in some localities, contained enough to become a valuable calcareous
ore, now known as mountain ore. These three kinds of material were
precipitated almost simultaneously, and they are frequently found to alter-
nate one with another, so that along a somewhat extended outcrop the ore
worked will be in one place blackband, in another mountain ore, and in
a third shell ore; and also on one side of a hill Coal No. 7 may be overlain
by a sheet of blackband even eight or ten feet in thickness, while on the
other side of the same hill no blackband occurs, but instead some other
form of ore, or even barren material. Wherever blackband and mountain
ore are found together, as they frequently are, the former is always be-
neath the latter, from which we learn that it was really deposited first.
Generally, in such cases, the mountain ore is found to thicken in one
direction, the blackband in the other, showing that the calcareous deposit
extended from a lower level—a deeper portion of the basin—up over the
carbonaceous mud which had previously partly filled it. From what we
know of the formation of coal we can positively assert that Coal No. 7.
accumulated in a marsh, precisely as peat now forms by a growth of
vegetation in the open air; in other words, that it was practically a land
surface. That this peat bed was subsequently covered with shale and
limestone proves that it was depressed and covered, first with shallow
water, in which carbonaceous mud and clay were first deposited, the {or-
mer deriving its organic material from the disintegrated peat. As the
subsidence progressed the water in the basin became clear enough to per-
mit the formation of limestone, which was naturally purest and thickest
in the deeper places, and thinned away to an edge on the muddy shallows.

“It has been reported that the blackband ore has in a few places
been found to reach a thickness of twenty feet, but no such development
of the deposit has come under my observation. It usually ranges from
three to six feet, but at the mines of Mr. A. Wilhelmi, in Auburn town-



184 IRON-BEARING FORMATIONS

ship, and in the. Patterson ore-bank near Port Washington—mnow owned
by the Glasgow Port Washington Iron Company—I have seen ten and
even twelve feet of solid ore.

“The iron found at this horizon, in the form of blackband, or moun-
tain ore, where present in full force, constitutes by far the richest ore
deposit of the State. Tracts of many acres might be specified underlain
by a continuous sheet of blackband, eight feet in thickness, and since this
contains twenty-five per cent of metallic iron, it is equivalent to a sheet of
cast-iron over two feet in thickness of equal extent. The inhabitants of
Tuscarawas county may, indeed, congratulate themselves that they are the
sussessors of nearly all this valuable deposit found in the State, and that
so large an aggregate area of the county is underlain by it that it has
already largely contributed to the wealth of the county, and is destined to
be an important source of revenue for many years to come; but it is
greatly to be regretted that only a small fraction of the original deposit
now remains. This evidently was once continuous throughout the greater
part of the county, but lying as it did high in the series, and near the sur-
face of the plateau, which once occupied all this portion of the State, it
has suffered terribly by the erosion that has carved the present varied
topography out of that plateau, and only a meager remnant in the hilltops
bordering the broad valleys mark its horizon.

“Outliers of the blackband stratum are found in the highlands of
Osnaburg and Paris, in the central part of Stark county, in those of the
western side of Carroll, and the northeastern part of Coshocton, while
local representatives of the deposit are found in nearly all the townships
of Tuscarawas county. It is evident, therefore, that the basin in which
it accumulated once stretched over all the interval between those limits. It
may have reached much further to the north and west, as in this direction
all the old landmarks are cut away by the erosion of the surface; but on the
south and east we are apparently able to trace its former boundaries:
since with abundant exposures of the horizon where the blackband lies.
no indications of its existence are found much beyond the line of Tus-
carawas county.

“The blackband ore of this region was first discovered and utilized
by the Zoar Community over forty years ago. The portion of their lands
which lie in the northern part of Fairfield township, includes hills that
run up into the Barren Coal Measures, and these were found to contain
valuable beds of blackband and mountain ore. To work these, a charcoal
furnace was erected nearby, where iron continued to be manufactured for
twenty years. This is the most northern outcrop of the blackband in
Tuscarawas county. Both varieties of ore occur here, varying much in
their respective developments; the blackband from three to eight feet in
thickness ; the mountain ore from two and one-half to five, perhaps aver-
azing three feet of good ore.

“From the Fairfield fumace the blackband deposits run through the
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highlands toward Dover, and south between the Conotton and Tuscarawas.
In this district the best known ore beds are those of Clover Hill, so long
worked by Messrs. Tod & Rhodes, the Junkin bank, and the mine of the
Tuscarawas Coal and Iron Company. Ore is also found on the farm of
Benjamin Riggle, worked by Mr. Burton of Massillon. The blackbsnd
here is five feet in thickness, with three feet of mountain ore mterd.t .On
the farm of Hugh Kelley an outcrop of the blackband, thmamim a
surface, is seen. -

“The most important deposits of blackband ore in the county are in
the townships of Auburn, Bucks, Salem, and Oxford. Of these, the first
four lie on the highlands west of the Tuscarawas, and are drained by
Sugar Creek, Stone Creek, and Oldtown and Buckhorn Creeks. Here
the land in some places rises to the height of one hundreWwenty—ﬁve
feet above the blackband horizon, and quite a number of more or less
extensive hasins, or patches of ore, are known to exist, some of which have
been worked for twelve or fifteen years. The most importart deposit
seems to be that of Mr. A. Wilhelmi, in Section 24, Auburn township,
where the ore has been taken from seven or eight acres, and thirty or more
-acres still remain, The average thickness of the ore here is from five and
one-half to six feet, though a maximum thickness of eleven feet of good
ore has been met within the workings.

“A section which I took at Wllhehm s bank, is as fo]lows

Ft,

1. Shale and sandstone .....ceviuriviirnrinereenecnnrnvenneennans 125
2, Fine black shale ...vcvverireiniininnniiniarinicnnincnneaann. 1-3
3. Blackband ore ......coiiiiiiiii i e 9
4. Coal No. T voriiiiiiiiiirnaeaaannns e e, 2
S Fire—Clay o oiiiin i i e e e e 1
6. Slope, covered, mostly shale ................ ... ..l 9%
A | B T N 3
8. Fireclay and shale to creek ..o, 15
“At another opening the section exposed is—

b B T 1 PP 15
2. Mountain ore ...........c..u. PN 2-24
8. Blackband ore .......ciiiiiiiiiiaiiii i s raaanaas 23
4. Coal iveiiii et v et i3

Here the mountain ore is seen to run out to an edge.

“There are several limited deposits of blackband in the vicinity of
Wilkelmi’s mine, and between that point and New Philadelphia, belonging
to Gabriel Shull, U. Shaw, and others. A large amount of ore has been
taken from Wilhelmi’s mine, for the most part manufactured in Massillon,
and has been proved to be of excellent quality. Its composition in the
natural state is given in the tables below. Like all blackband ore, it is
calcined with great facility, scarcely requiring any other fuel than that
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contained in itself. When so calcined, on an average two tons of ore
will make a ton of iron which closely resembles Scotch pig, is used for the
same purposes, and is equally esteemed.

“Three miles west of Phillipsburg a deposit of blackband is leased
and mined by Mr, H. Andemann, and the ore is also found in some other
hills in the vicinity. Farther south, on the farm of Jacob Rheinhart, 1
noticed the characteristic outcrop of the blackband in the road near
Mr. R’s house. No exploration has, however, been made in this vicinity
tu determine its thickness and extent,

“Still further south, in Salem township, west of Port Washington,
are deposits of blackband ore, which have been already shown to be quite
extensive, and some of them have been worked for a long time. The
more important of these have been purchased by the Glasgow-Port Wash-
ington Iron and Coal Company, an organization of Scotch capitalists, at-
tracted by the resemblance of the ores of this region to those of their
own country,

“They have erected two large and fine furnaces, and but for the de-
pression in the iron trade would now be producing a large quantity of
first class iron. The purchases made by this company are supposed to
include more than one hundred acres of blackband territory, and it is
evident that if suitable fuel can be prepared from Coal No. 6, which is
here from five to seven feet in thickness, this will become the theater of
an active and successful iron industry,

“The southern limits of the blackband area have, up to the present
time, not been well defined, and it was until recently supposed that no
important deposits of it existed south of the Tuscarawas. FExtensive
explorations have, however, been lately made by Mr. A. Wilhelmi, in
Oxford township, which have resulted in the discovery of ‘basins of ore’
which rival in extent and value any before known, These are all located
within two or three miles of what is called Post Boy Station, on the
Marietta, Pittsburgh and Cleveland Railroad. The several tracts con-
trolled by Mr. Wilhelmi and his associates are supposed to include one
hundred and fifty acres of productive ore ground, where the blackband
varies in thickness from three to nine feet. All these tracts are within
easy reach of the railroad, and it may be confidently expected that a large
contribution will be made from this district to the wealth of the county.

“I am informed by Mr. Wilhelmi that in his explorations for black-
band, in Oxford township, he discovered by boring, an important body
of ore unknown elsewhere, lying from forty to fifty feet below the black-
band stratum. He reports it as a light-gray siliceous ore, shown by analy-
siz to contain thirty-nine per cent of metallic iron, and consisting of closely
approximating layers or plates, having an aggregate thickness of from
three to nine feet.

“On a former page I have referred to the discovery by my associate.
Prof. 1. T. Hodge, of a well-marked stratum of blackband on the Stili-
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water, some eight or nine miles south of Ubhrichsville, No effort has
been made, so far as I can learn, to determine accurately the extent and
value of this deposit, but it affords another indication of the southward
reach of the blackband, and such as should encourage further exploration
in this part of the county. In this connection I will mention that I am
informed by Prof. J. J. Stevenson that a well defined, though perhaps
not extensive development of blackband is found on the farm of Mr.
Proctor, in Liberty Township, Guernsey county.”!

“The Tuscarawas blackband is also less rich than the blackband of
the Mahoning Valley, before alluded to. The following analyses of the
ore used at the Dover Furnace will show the composition of the ore, both
in its raw and calcined state:

Raw Calcined

Specific Gravity . ...vveeveeirinniririariaiiians 2.321 3.411
Carbonic acid .....ccvvniiiiiniii i 15.00 e
Water oo e e 0.25
Volatile matter .................. G 21.00 e
Siliceous Matter .....nennrvecmeeriareraneeenneccs 26,22 17.02
Iron peroxide ....ooviiiioiiiiiiiiiiiiiiiiiaas 8.79 75.00
Iron protoXide ......coeevereiiivenencnoimmenanons 23.02 -
Alumina o...tiiiiie it i i 0.70 0.60
Manganese .......ocieiiireeneniiiiiienanns i 1.70 1.63
7 T 1.70 2.80
Magnesia ......ooooiiiiiiiiiii 0.88 1.48
Phosphoric acid ...ovvvarniiin it senanaenn 0.492 0.773
I3 E10 5T A 0.11 trace

99.712 99,573
Metallic IrOM . ovverin i irriecirnaorananennn 24.06 52.5

“The blackband has been mined chiefly by stripping the outcrop and
quarrying on the face of the stratum. A wall of the ore thus exposed, 10
or more feet in height, and several hundred feet long, is a sight of no little
interest. The ore has thus been very generally worked by simple quarry-
ing, though now considerable is obtained by a regilar system of mining by
drifts and galleries, as in working a coal seam. The great thickness of
the bed renders this method easily applicable, and in this manner the ore
may be mined for 735 cents per ton, one man easily producing 3 tons per
day. When mined the ore is usually calcined on the spot in heaps, and
the burnt ore then transported to the smelting furnaces. In building the
piles, the ore is placed on its edge, so as to facilitate the operation. Con-
siderable quantities of fuel have been heretofore mixed with the ore in
the heaps, though it seems that there is sufficient carbonaceous matter in
the blackband itself to produce the calcination when once the combustion
has been started. The fuel that has been used for this purpose is the
underlying coal No. 7, which contains considerable sulphur, and hence

1Geol. Survey Ohio, Vol. III, pp. 74.80. ¢
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is disadvantageous, as it contaminates the ore with the ash and increases
the amount of foreign matter. The fact of the coal! thus adding impurities
to the ore, which affect the quality of the iron, is becoming understood,
and less is now being used, though any fuel beyond the amount required to
start the pile seems hardly necessary. The ore is so easily reducible and
fusible, that notwithstanding the care which may be taken in the hottest
parts of the pile, and if the heat has been too high, these masses or "loups’
are so hard, as to require severe labor to remove and break them up. In
calcining, the ore loses considerable as fine dust, which is separated by
screening, but it becomes enriched by the expulsion of the volatile matter
from an ore of 25 per cent to one containing 50 per cent of metallic iron.
At the Massillon and Dover furnaces there are consumed about 2 tons
to 2} tons of ore to make a ton of pig-iron. The value of this ore, of
course, varies, owing to different circumstances, but in 1879-80 it was
worth in the neighborhood of $2.50 to $2.75 at the furnaces.”*

STARK COUNTY?

“The chief interest which attaches to Coal No. 7 in Stark county
comes from the fact of its association with the blackband ore which
overlies it. This is a bituminous shale, highly impregnated with iron.
It often, though not constantly, forms the roof of Coal No. 7, and where
present attains a thickness of from thrée to eight feet. The -blackband
ore is generally, though not always, overlain by a ferruginous limestone, in
which the quantity of iron is sometimes sufficient to render it a calcareous
iron ore. From the fact that this is only found in the tops of the hills,
it is sometimes designated as the mountain ore; and the limestone, from
ils ferruginous character, assumes, on weathering, a brownish color, and
is hence often referred to as the ‘buff’ limestone to distinguish it from
the blue limestones below. These ore beds are detached outliers of a
great ferruginous sheet which once covered much of Stark and Carroll
and all of Tuscarawas county. Patches of this ore sheet, separated from
their connections by the erosion of the valleys of the Sandy, Conotton, and
Tuscarawas, occur in the isolated hills of Osnaburg and Paris, the only
portions of the county geologically high enough to include them. Such -
being the geological position of this important formation, it can not be
expected to be found in any other portion of the county, even though the
hills may there rise up to an equal relative or absolute height with those
referred to. It is important to bear these facts in mind in order that
time and money be not wasted in useless search for the blackband and
mountain ore,

“I subjoin analyses of the raw and calcined blackband from Roberts-
ville:

3Geol. Survey Ohio, Vol. V, pp. 465468,
2Geol. Survey Ohio, Vol. III, pp. 175-8.
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Raw "Calcined

W aler v vitenterininnisnteerccnrrincaaensasnaann . 18.60 cees
SIHCA vvvvvververrormererrncranrsrcannans Cheereaas 31.40 12.88
Iron, oxide .....c.vvivernn. N 18.76 69.94
Iron, carbonate .......... erennen, e eieweeartnens 23.14 .
Manganese ........... eeraveraereens treateeenanea 1.80 3.15
Alumina ..... Ceremaanes ferrvsaeananneaes serevvaaas 1,00 7.00
TLime, phosphate ...cvvriviiiniricneirinnnasionenes 0.72 2.35
Lime, carbonate ........coiiiiiiiiniiiiiiiiiiiaen 0.73 et
Lime .ovviviirnennennannnnes estecesrecersensesen cee. 1.76
Magnesia ...ooviiiiiiiniiii e 2.86 2,16
SUIPHEE v iviiieiin it ciieranrer e s 4.28 0.14

99.30 99.37
Metallic iron .. ....oviriniiiinan i iiicaianoaanne 24.28 48.95
Phosphoric acid ............. beeeneens rceressrares 0.31 1.08”

STARK, CARROLL, AND TUSCARAW AS COUNTIES?

“The blackband ore of this area is the most important source of iron
in Northern Ohio. It is the second ore in general value in the State, rank-
ing below the limestone ore of the Hanging Rock district alone in this
respect. With the last-named ore it disagrees in almost every particular
of geological occurrence. The limestone ore is both steady and persistent,
covering hundreds of square miles almost continuously with its thin but
excellent sheet. The blackband is extremely capricious in its occurrence,
and treacherous in its development. It forms the cap of scarcely more
than 50 hills, scattered through three counties, and in these hills it ranges
from a maximum of 19 feet to zero, an acre or two being often sufficient
to accomplish the whole range of changes.

“Threughout this field it everywhere deserves its name of blackband
There is almost always a foot or two of coal, generally poor in quality,
underlying it, and thin streaks of coal generally extend through the ore
itself. But whether coal is present in the body of the ore or not, car-
bonaceous matter is never warting. There is nearly enough of this sub-
stance generally to calcine the ore. Its specific gravity for the same reason
is light for an iron ore, ranging generally from 2.3 to 2.5. When cal-
cined, the figure that represents its gravity is nearly a unit hxgher than
the figures above given. The banded structure is very distinct in all por-
tions of the ore, as much so as in ordinary bituminous shales.

“The raw ore ranges from 20 to 30 per cent in metallic iron, the
calcined ore from 45 to §5 per cent. ,

“Above the blackband proper there are frequently found other large
accumulations of ore, which by strict classification would need to be con-
sidered in other divisions, but which can be dealt with to best advantage
in the present connection. The mountain ore, so-called, is one of the

“1Geol. Survey Ohio, Vol. V, pp. 886-308.
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forms of limestone ore to which attention has already been directed, where
carbonate of iron replaces locally the carbonate of lime in a stratum of
the Freeport type. Many kidneys of ore also occur at the same general
level.

“The geological place of the blackband has already been assigned.
It is borne by and is part of the Upper Freeport coal seam. It is found
only on the outer margin or outcrop of the formation, thus far, though
notable accumulations of iron can often be found with the seam as it de-
scends towards drainage. This marginal development of the ore needs to
be distinctly recognized. The usual element to which we refer in estab-
lishing the sections in which the blackband occurs is the Middle Kittanning
coal, or No. 6 of Tuscarawas county. Counting from this, the average
intervals in different portions of the field are as follows: 110 ft., 114 ft.,
117 ft., 118 ft, 120 ft., 120 ft, 120 ft., 125 ft, 130 ft, 132 ft, 143 fit,
145 ft., 147 ft, 148 ft., and 150 ft. In no single case does the measurc ~
fall to 100 feet. A difference of 20 feet can often be found for the level
of the ore itself in different portions of the same basin. The ore generally
lies on an uneven floor, and frequently in well-defined and quite limited
basins.

“The first display of blackband as we enter this district from the
east and north is found in the northeastern corner of Osnaburg township.
An area of small extent, perhaps not an acre, is found capping a hill with
not a dozen feet of cover at the highest point. It is owned and worked
by the Grafton Iron Company, of Leetonia. The ore has a maximum
thickness of 14 feet. Coaly streaks are distributed through the whole
mass. Much of it is considerably weathered, and it splits into thin
lamina, but the whole seam is taken for furnace use, and taken at the
present time without calcination, being used raw in the furnace. The
deposit is nearly exhausted. The interval from the Middle Kittanning
coal to the blackband is here 118 feet, as outlined by a single measurement.
A single analysis gives the following result:

Blackband from Grafton Iron Company’s Mine—Osnaburg Township
(Average of 15 feet.) (Lord)

Siica ...iiiaiiieiianean. ettt et enae e sar s 13.26
Iron protoxide .....c.couiiiriiiiiiii e 1.80
Iron sesquioxide .......c.evev... e e e e 41.08
Aluming ...ciiiiiiiiiiiiiinian.. g et e 7.93
Manganese oxide ......oiiiiei it it e 1.42
B ORGP 2.07
MAENESIA oot rvnrr e etannaaeaaaieecarearaseaiaranarraraaaeas 0.63
Carbonic acid ........... e et e e e s 3.47
Phosphoric acid ....c.cvriinniniecieanirarein e nmaninaeann 1.362

Sulphur ..... e b e e e aan e eth e et et anaean 0.175
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Water and organic Matter ......c.oeiuiroisrncnasrcanssscancenss 25.23
Moisture ....viiiiiiannnn. frerraa et aiaranes e 2.13
100,57
Metallic T00m vt it viee it i it e rae e 36.15
Phosphortis . ....niit it iiaineieiiicrneiaarinraaisairaaeaanan 0.592
L1131 0.175

“A small area has already been entirely worked out by the Burton
Ridgway Company, of Massillon, from the intersection of sections 11, 12,
13, 14 on a farm now owned by Thomas Tinkler. The maximum thick-
ness of the ore, as reported by Mr. Tinkler, who superir;tended the
mining, was 18 feet 11 inches. This is the highest measure recorded in’
" the field. This body was also without cover, and the whole hill top was
carried away in the workings.

“In Paris township, north of Robertsville, three small deposits have
been worked for a number of years, at intervals. The ore does not rank
as high in these areas as at some other points. The ore hills are known
as the McNutt, Wolf, and Shull banks, respectively. Their combined
acreage is small. A considerable body of the ore is still left in these
deposits.

“In Sandy township, of Stark county, no valuable beds of the ore
have yet been discovered. The horizon is very clearly displayed at many
points, and on several farms the Upper Freeport coal has been worked on
a small scale. On the land of David Stull, for example, on the west side
of the township, a large body of lean ore, overlying the Upper Freeport
coal, was mined and calcined many years ago, but the ore was pronounced
unfit for iron manufacture, and it still lies in the kilns. Several other
attempts have been made to find the ore in this township, but, though
several banks have been opened, none of them has furnished ore of proper
quality. .

“Better fortune has attended the development of this horizon in the.
adjacent township of Rose, in Carroll county. Three separate hut closely
contiguous hills have been found to hold blackband ore of fair quality.
They are situated on the Rhinehart, Creighton, and Newhouse (formerly
Gibler} farms, respectively, and are all embraced in section 24. The in-
terval from the Middle Kittanning coal, which is mined at the foot of the
hills in which the ore banks. are found, is 130 feet for the Rhinehart
farm, and 147 feet for the Creighton farm. The Rhinehart bank has
been entirely worked out, A little ore is left in the other areas. At the
Newhouse bank it is 374 feet thick. Considerable ore has been mined
here, but it was pronounced too lean, and was consequently abandoned.
Samples were taken from this rejected ore for partial analysis, the result
of which is given below:
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Analysis of Newhouse Blackbend (Lord)

Sitica ........... e raaans et 12.39
Metallic dron ... oiiiiiin it a it i 25.63
PhosphOrS ottt i i i i i e 0.157
BT 111 AN 0.46

“The figures show an excellent ore, that ought to be handled with
profit in any furnace that is using blackband. There is certainly nothing
in the analysis to justify the discarding of the ore. It is quite up to the
average of blackbands in metallic iron, and it is much lower in silica
than most ef the ores in this class. The only question is whether the
samples fairly represent the bank. They were taken with this specific
object from the piles that were mined, but never removed from the ore
bank.

“The next deposits of ore in following southwestward are found
in Tuscarawas county. This county is, by way of excellence, the black-
band field of the State, and the seam is generally and justly known as
" the Tuscarawas blackband. ~

“The map of the county that appears on page 257 [Vol. V] indi-
cates the positions of all the ore hills of the county. The observations
already recorded in -Stark and Carroll counties can be combined with
these to show the area occupied by the seam (see map on page 63,
Vol. V). It is confined in its characteristic development, according to
present knowledge, to the townships of Osnaburg, Paris, and Sandy, of
Stark county; Rose, of Carroll county; and Sandy, Fairfield, Dover,
York, Auburn, Jefferson, Salem, and Oxford, of Tuscarawas county. A
line drawn from the northeast corner of Osnaburg township to the north-
east corner of Auburn township would mark approximately the western
outcrop of the ore for the first portion of its extent. Such a line would
be about 25 miles in length, and its direction would be nearly southwest.
From the northeast corner of Auburn township, the field is continued to
the southward, but the direction of its axis is abruptly changed. A line
running from this point die south, and 20 miles in length, will mark
the approximate western outerop of the field in this direction. In both
portions, a breadth of 6 miles, at right angles to the line of western out-
crop, will reach every ore hill. The greatest developments of the ore are
found in Auburn, Jefferson, and Oxford townships, and these are repre-
sented in a subsidiary map which will presently appear.

“Returning to the northern boundary of Tuscarawas county we find
but litile land in Sandy township high enough to receive the ore, but on
at least one of these few points the ore is reported. On the farm of Wm.
Gordon, one mile east of Mineral Point, the coal of the seam is 2o inches
thick, and the blackband is developed also to some extent. As to its
quality and quantity, there are conflicting statements. The hill has been
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sold or leased as an ore property, but the contract is now before the
courts.

“In Fairfield township two bodies of blackband are being mined at
the present time, but a number of separate areas have already been ex-
hausted, the credit for the discovery and first use of the ore belonging to
this township (see Volume III, page 77).

“The two tracts now furnishing ore are the Labb hill, near Zoar
Station, and the Kelly farm, a little more than 2 miles south of the
former. The ore of the first is mined and used by the Tuscarawas Coal
and Iron Company, of Dover; the Kelly ore is mined by a company from
Massillon. This mine is under heavy cover, and the ore is wrought in
rooms by regular methods. The seam ranges from 3 to 8 feet in thick-
ness, and the probable average is 5 feet. 1t is in all respects a fine body
of ore. It has been necessary thus far to follow the seam along the line
of dip, and consequently the workings are constantly troubled with water.
Both blackband and mountain ore are yielded by this mine, the propor-
tions being two of blackband to one of mountain ore. The Riggle Hill,
near by, has been entirely exhausted.

“Extensive stripping has been done on the Labb farm, the height
of the bank sometimes reaching 25 feet, but part of the ore is also gained
by drifting. There is not a large body of the ore left.

“The possible blackband territory of the township is quite exten-
sive, and, though considerable exploration has been carried on by the
drill and otherwise, it is not necessary to believe that the ore is all known
at the present time.

“But two small tracts of blackband are known in Dover township.
There is not a large amount of land in the town that is high enough to
catch the ore.

“A mile south of Zoar Station, and nearly opposite to the Labb Hill
already described, the Tuscarawas Coal and Iron Company, of Dover,
own a small tract of blackband that has not been fully developed. No
mining is done in this seam in Dover township at the present time.

“The two townships south and southwest of Dover, viz.,, Auburn
and York, contain, or rather have contained, some of the noblest bodies
of ore in the whole blackband field, but the ore has been chiefly mined
out from York, all operations here having ceased. From Auburn, also,
a large quantitiy has been taken, but a considerable acreage still remains,
and the work of mining is going forward.

 “The chief banks in York township were the Bear hill, in lot 32,
N. W. 14 ; the Burkholder hill, lots 12 and 13, N. W. %4 ; Winkler’s and
Shull’s hills, section 16, and lots 5 and 6, N. W. 4.

“Considerable ore has been left in all of these deposits, but generally
in such a condition that it can not be recovered with advantage. The
earlier workings were without system, and were consequently wasteful.
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“There is still an area which is supposed to hold the ore, on lots 30,
33, and 35. It is high enough, and surface indications are counted favor-
able.

“Three famous hills contain the known supply of Auburn township,
viz., the Beller hill, the Shaw hill, and the Lahmer hill. All these are
shown in the accompanying map of ‘Blackband Deposits,” section C.

“The Beller hill contains an aggregate of perhaps 160 acres of
blackband territory. Not less than six separate mining properties are
established on -it. They are named as follows: Beitzel's, Reif’s, and
Gribel’s on the north side; Catcott’s, Beller’s, and Rock Island, on the
south. Of these the Beitzel and the Beller workings are nearly ex-
hausted. All the rest hold large bodies of ore.

“Both blackband and mountain ore occur here in their characteristic
forms. They play fast and loose with the seam, and it is hard to esti-
mate the proportions of each. The aggregate often reaches 8 feet, and
sometimes 10 feet. The ore is not worked below 2 feet, as a rule. The
ore is mined by system, in drifts, at the present time. About 2 feet of
coal is expected with the ore. As much of it as is necessary for calcin-
ing the ore is brought out of the mine. A tram road runs from the hill
to Blackband Station, on the Wheeling and Lake Erie Railroad. The
ore from this region has been taken thus far by the Dover and Massil-
lon furnaces.

“The Shaw hill is nearly exhausted, and needs no further mention.

“In Section 19, there is an area on which blackband ore is believed
by some persons to occur, but it has not yet been proved to be present
here, '

“The distance from the Middle Kittanning coal (No. 6) to the
blackband in this region is 120 feet, as shown by a single measurement
on the Catcott hill.

“There are more ore hills in Jefferson township than in any other
township of the blackband field. The dividing ridge between Stone
Creek and Oldtown Creek, in particular, originally held the largest con-
nected body of ore that we know at this horizon. Erosion has separated
it into 8 distinct tracts at the present day. The Upper Freeport coal
.appears in all of these sections in fair condition. Its quality is better
than in the townships already reported. It seldom exceeds 3 feet in
thickness, however, and often falls to 2 feet. The ore alternates between
blackband and mountain ore, and considerable nodular or kidney ore is
found in the overlying shales. '

“Much of the more promising territory has already been exhausted,
but there are still large bodies of ore.

“Adam Baker, in lot 30, holds an undeveloped tract in which the
mountain ore, at least, is good. The coal below is also in good condition.
David Maughermann, in section 21, has 3% feet of blackband, and a
large amount of kidney ore in the shales above the blackband.
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“The Harmon and Keffer hill, in section 10, has also 31% feet of
good ore. This is now worked for the Dover Furnace. The underlying
coal ranges from 24 to 30 inches in thickness. There is also nodular ore
above the blackband.

“In section 19, the Kutcher hill is also counted as blackband terri-
tory, but is now not worked. In the same section, another deposit has
been mainly worked out. ‘

“The Rhinehart deposit is limited in area, and is not now worked.
The Millhofer hill, in section 16, is mainly exhausted. The Lorenz hill,
in lot 36, contains but a small deposit of ore. ‘

“On Benjamin Schwab’s farm near Phillipsburg, good ore has been
taken by drifting. Quite a large amount has been produced by this bank.

“The Meese hill has also a valuable bed of the ore, 3%% to 4 feet in
thickness, underlain by 2 to 214 feet of coal. The seam was mined quite
largely by the Glasgow Furnace when it was in operation.

“This completes the list of the main banks of the township, so far
as they are at present known, but the coal of this horizon holds a large
area in addition to the hills above reported, and it is almost certain that
many other bodies of ore will be hereafter found in connection with it.
Perhaps the heavier deposits have been mainly brought to light already,
but thinner sheets can certainly be worked to profit in connection with
the coal that underlies them, if not now, at a future day.

“In Salem Township six ore hills are known.

“The most northerly of them is the Arth hill, in section 3. The ore
has not been mined here, but it is known to be present. It is connected
with the Rhinehart hill, of Jefferson township, in which the mountain ore
predominates. It is therefore probable that this form of the ore will be
found in the Arth farm.

“The Yackell hill, in section 2, is one of the best-known bodies of
ore in the township. It is worked by the Burton-Ridgeway Company of
Massillon. The ore is genuine blackband throughout, and it reaches a
maximum of g feet in thickness. The quality is fully approved. All the
ore thus far has been taken by stripping, but drifts will soon be required
to reach the remainder. A large amount of kidney ore is now gained by
stripping, none of which will be reached in drift mines. A tram-road
connects the mine with the railroad, 1% mile distant. The underlying
coal is 32 inches thick, and quite sulphurous.

“In sections 5 and 6, the Everhart hill has produced quite a large
amount of ore for the Glasgow furnace. The haul was a long one, how-
‘ever, and the mine was thus at a great disadvantage. The ore was ap-
proved in all respects. The Wiandt hill, in section 14, is nearly exhausted.
Its ore was taken by the Glasgow furnace.

“The J. S. Dye ore hills were owned by the Glasgow Furnace Com-
pany. There are two of them, and, as the map indicates, they are the
only deposits of this kind within a radius of several miles. The ore is .
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not at its best in these banks, but it holds well in thickness, ranging from
3 to 11 feet. The underlying coal is 2 feet thick and sulphurous. . . .

“The next deposit of blackband, and the last in the Tuscarawas
field, is found in the southeast corner of Oxford township, on the head
waters of Bird’s Run. The ore is hauled out to the railroad at Post
Boy Station, and is consequently known to many as Post Boy ore. This
basin was originally one of the largest of the fields as will be seen by in-
spection of the map (see page 392). Bird’s Run and its minor tributaries
have dissected it into ten separate but closely contiguous fragments.

“The general thickness of the ore, so far as it has been mined, ranges
between § and 6 feet. It is not as rich in iron as some other bodies of the
blackband, but it is highly approved in use. The Dover Furnace Company
owns a large tract of it, and most of the remainder belongs to John Booth.

“The interval between the Middle Kittanning coal {(No. 6) and the
blackband, at this point, is 143 feet, as shown in a single measurement.

“The average composition of the ore of the Bird Run field is shown
in the following analysis: T

Bird Run Blackband—John Booth'’s Mine (Lord)

1T . 11.89
Tron sesquioxide .....c.iieiiueneieiinnrvnene e aaaaaaa, 2.00
Iron carbonate ... ...ttt r e, 52.61
AlImiNg .o i i it e 6.04
Lime carbonate ..ottt ittt 2.97
Magnesia carbonate . .... e et eateeare aa e 2,12
Oxide of MANZANESE ..ot iunevntierrievrcanrnrnnrreiaeennananns 0.60
Sulphur ..o e e Veieen 1.08
Phosphoric acid ......civriiiiiiiiiii i i 0.451
Volatile and combustible matter...........coooveiiiiiiniin. 18.94
MoOTStUTE oot treeiuine ettt e ct e e enaiiereererennnnnneanens 1.12

Total oot e e s 100.02
Metallic from .. ociint i i it 26.80
Phosphorus .. ..ottt i it e e 0.196
Sulphur ... e RPN 1.08

“The blackband deposit does not end abruptly, with the Tuscarawas
county line, but through northern Guermsey county, there is always a
probability of more or less carbonate of iron being found above the Upper
Freeport coal. These deposits have been examined in a number of in-
stances by explorers for iron ore, but no valuable beds have yet been
found.

“There are several heavy layers over Steele and Lanfesty’s coal on
the Ringer farm, near Cassell’s Station. Analysis shows the following
_composition :
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Iron Shale Over Upper Freeport Coal At Casseil's Station (Lord)

1 1T 85.34
Protoxide of Irom ..ovvviioreinieriiaiiirriiiiaeaetiraananas i
Sesquioxide Of IrOn ..vvvvniveerirnnenncosirecansasonsanrroacns 17.15
Metallic ITON ..oivrinr et in e iiatenctnnnenaannsoreaneanse 12.60
Phosphorts «.oivviniriiits it iiiat ittt ) 0.166
T T e 13.02

“The deposit has no value unless as a possible source of sulphur.

“As already stated, the blackband carries enough carbonaceous matter
to effect its own calcination when properly ignited. The chief difficulty
in calcining it, in fact, arises from excess of fuel. A tough and flexible

silicate of iron often forms into an ‘iron hat’ near the upper surface of

the kiln, when the heat has been brought to too high a point. This cover-
ing is sometimes 12 to 18 inches thick, and very hard to dislodge or break
through, and an extensive crust of it detracts very much from the value
of a kiln.

“Kilns for calcining the blackband are generally made 120 x 30 x 7
feet. The height of the kiln must be proportioned to the amount of car-
bonaceous matter in the ore. Too high a heat, together with an insufficient
supply of air, leads to the formation of the ‘iron hat’ already noticed. Kilns
require 3 or 4 months time for burning, and after being once ignited,
demand but little care. Each kiln yields about 600 tons of calcined ore,
which overruns 50 per cent in metallic iron.

“The price for the raw ore in the hill usually ranges between 30 and
35 cents per ton.

“This completes the account of the Tuscarawas blackband field. No
explorations of new territory have been attempted, but the sole aim of
the present survey has been to indicate the present state of development
cf the field. The maps of the leading areas appear here for the first time,
as does also the general blackband area of the county (page 257). Doubt-
less, many. additions will be made to the tracts already known, but it is .
probable that the larger bodies have been already struck, as a good deal
of intelligent and expensive proving has been carried on within the last
10 or 15 years throughout the available territory.

“Among those most prominent in these explorations, Mr. A, Wilhelmi,
of Dover, the Dover Furnace Company, and the Ridgway Burton Com-
pany, of Massillon, deserve special mention.”

Tests of blackband ore gathered from various sources are as follows:

No. 1 No.2 No.3
Sitica, SiOs coveiinvireneireananaiians 22.20 30.63 15.36
Alumina, ALiOs ...oovviieinninninnan 19.04 24.10 8.72
Ferric oxide, FedQs .....vvvuvneinn.., 49.24 32.17 el
Ferrous oxide, FeQ ......covcvvvvnen. 4.04 7.15
Pyrite, FeS: . ..ivvriinnneanvniereaneas cens 0.19

Magnesium oxide, MgO .............. 1.29 0.27 1.95
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Calcium oxide ....c.cvvrvennnrinerass 1.25 . 0.56 2.2
Sodium oxide, Na:0O ......cvvevennn. 0.18 0.16 ceas
Potassium oxide, K;0......cvvvvivne..  0.59 0.40
Water, hydroscopic, H:O— ........... 0.14 0.25 30.50
‘Water, combined, H.O+ ............. 0.03 0.8 ...
Carbon dioxide, CO; .........coouuue 0.04 <0.01 e
Titanic oxide, TiOs ...ovvvvvveianen. 0.44 0.55

Phosphorus pentoxide, PaOs........... 0.65 0.95

Sulphur trioxide, SOs................. 0.33 0.22

Manganese oxide, MnO............... 0.66 1.65

Zirconium oxide, ZrO: .....covivvan.n <0.01 <0.01
Sulphur, as sulphide, S ............... ¢.02 been .369
Vanadium oxide, VaOs .......ccnvnens v <0.01

Carbon, organic .....ccovvvvens. tesene  eaus 0.09

Metallic components )
Iron, Fe ................ titeeaaneses 37.58 28.15 29.40
Manganese, Mn .....ccovvernnnnnnnns .51 1.28 0.288
Phosphorus, P ...vveviirnenenans vee. 0,284 0.415 0.338
Flux bases
Calcium oxide, CaO ............. eeer 1,23 0.56
Magnesium oxide, MgO .............. 1.29 0.27

Sample No. 1. Calcined blackband ore from a large pile on the property of
Ernest Couts, central Section 20, Oxford Township, Tuscarawas County. Sampled
by C. F. Euga, Feb. 26, 1938. Analyst, Downs Schaaf.

Sample No. 2. Calcined blackband ore from large ricks on the Frinfrock farm,
southwest Section 18, Rose Township, Carroll County., Sampled Sept. 24, 1935, by
Wilber Stout. Analyst, Downs Schaaf.

Sample No. 3, partial analysis from pile of calcined ore on property of Edward
Zeigler, northeast part of Dover Township, Tuscarawas County. Sampled and
analyzed by the Bailey Furnace Company, Canton, Ohio,

PERRY COUNTY *

“The first ore above the coal, and doubtless the most important, is
the ‘Shawnee ore.” This ore is best known from a fine development of it
at Iron Point, a little northeast of the village of Shawnee, in Perry county.
The elevation of the ore seam above the Nelsonville coal is probably not
far from one hundred feet. This is about the average of many instru-
mental measurements, which, as reported, range from ninety-one to one
hindred and ten feet. There are variations in the bedding of the ore.
and no two measirements are exactly alike. At one exposure of the ore.
where it was worked in open quarry, I took the following section :

Ft. In.
Yellow clay .......... ivsrarecrarecrnennas cetereaserann veess B8 ..
Carbonaceous streak.
Laminated ore .......... e et b taccanerreeretr e 3 3
0+ ) S R feeaes .. 3
Clay. i

iGeol, Survey Ohio, Vol. II1, pp. 873877,
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“A few rods distant the laminated ore was two feet four inches thick.
The minimum thickness is reported by Mr. E. C. Pechin as fourteen
iniches, and the maximum as four feet. In places the ore is a hard blue car-
bonate, showing less lamination, and resembling the ‘mountain ore’ asso-
ciated with the black band over Coal Seam No. 7, in Tuscarawas county.
The laminated ore is, where 1 saw it, much oxydized. In its laminated
structure it much resembles a black band, but is not like the typical black-
band in being a bituminous shale highly charged with iron. There are,
however, sometimes thin films of coal formed by isolated fragments of
coal-forming plants buried in the ancient ferruginous mud. This mud was
deposited in layers; hence the lamination of the ore. The ore is divided
by vertical joints, and is readily split and removed. The following analy-
ses of the Iron Point ore have been made:

No.1 No.2 No.3
Raw Ore Raw Ore  Calcined Ore

SIHEA vivrieereaniiveienenarerannes 33.44 10.60
Aluminag ...ooieiiiiiiiiiiairiiiiaea, 3.14 R 6.69
Oxide manganese ...............u0... 0.91 e 4.49
Lime carbonate «..o.vvvvivrnvonnn ... Trace oo Lime 2.35
Magnesia carbonate ............ vee.. Trace +ves Mag. 0.60
Phosphoric acid- ......covvinreinnivan, 0.39 0.42 0.58
Sulphur ..oviviiin it 0.14 e 0.13
Water, contained ........ e, 5.74 e e
Iron sesquioxide ...............cc..un. 56.03 e 74.66

99.79 100.10
Metallic irom ...oovevirieeeeiiiinnrenns 39.21 35.27 32.26

“No. 1 was made by Mr. E. S. Gregory, and furnished me by Mr.
J. G. Chamberlain ; No. 3 was given by Mr.. A. J. Long, of Akron, to Mr,
Pechin; No. 2 was given by General S. Thomas, of Columbus. An
analysis of the pig iron from the Fannie Furnace is quoted from Mr,
Pechin as follows:

5 L PN 91.43
Tt R 3.89
Carbon graphitic «ovireeneeiiirorininrverscannnrenesssneeeaneans 2.381
Carbon combined .....cuiriniiiriiii it 0.24
BT+ 1T O 0.03
Phosphorus ......... v et a e, .. 0.59
Manganese ......viiiiiiiiiitiiiii i it 0.85
Undetermined ......o.uiienrvrsennanrereeanvmncansnneesronaanes 0.64
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“There are four furnaces in operation at Shawnee all using the
Iron Point ores. These are:

Height Bosh

Ft. F,
Famnie NO. b toiintiiiiiiaiienriaateivirraaaserancncnrarns 48 12
Fannie No. 2 ..viiriiiiiiiiiiieineraitnnnnnrsncaetnnaennns 48 1334
XX or “Double X ... uiiiiiiiiiiiiinieinaiicaraerinaeaes 50 14
Va8 i iiivnnset i itneceaninanaansassnnsesonsanmanarancanes a0 143

“The fuel used at all of these furnaces is raw coal from the Nel-
sonville seam. The limestone is from a seam generally found about sixty
feet above the coal. It is here reported to be from two to two and one-
~half feet thick. Until drifts are required the stone may be obtained at
little expense. All the raw materials are procured at a small cost, and pig
iron is consequently made very cheaply. By admixture of the native ores
with those from Lake Superior and elsewhere, iron adapted to meet differ-
ent wants may be made. The area over which the Shawnee ore is known
to exist in the Iron Point field is not very great but new explorations will
doubtless enlarge it.”

“South of Iron Point several shafts have been sunk for the ore on
the lands of the Stra:tsvxlle Cannel Coal Company of New York. ]J. H.
Lyons, Esq., the Superintendent, has kindly furnished me with the facts
ascertained, About forty feet above the Bayley’s Run coal he found at
every point a thin seam of coal. This is doubtless the equivalent of a
seam found from forty to. fifty feet above the Bayley’s Run seam, on
Lower Sunday Creek. In one shaft he found a blue carbonate of iron .
twenty-six feet below this thin upper coal. Here the ore is two feet six
inches thick. In the next shaft the section is very interesting and signifi-
cant. The following is the section:

Fr.  In.
1. Thin coal ...o.viiviiviinnancninns et e, ... 6
2. Interval not reported in detail ....... et 27 ..
B, Bloe Ore vivviviiiniiiiiitreeeaaerineaacreiiacansaans 1 &
4, SANG-TOCK tuvvrerinnrenssantoenssetsasreiseeeasssssnnns 4 ..
5. BlUe 0re .cuuiviivinnrretrseanasucnscereransncasancsosans 1 6
6. Shale, with nodular ore..cv.vvvuiieiiiiininiiiinenann.. 5 ..
7. Coal, Bayley’s Run seam ....coovvevinnevecnennnecennn., 4 10
8 Underclavandshale .........cocoiiiiiiii i, 8
9. Sand-rock, €lC. ..ieeriuriiiairreuneirar it aas 74
10. Nelsonville or Great seam.

“Here the blue ores represent the Shawnee horizon. The upper ore
is rich on the top, but grows more sandy until the sandstone is reached:
while the lower ore begins sandy on the top and becomes rich at the bot-
tom. The bottom of the ore is ninety-two feet above the Nelsonville
coal, and five feet above the Bayley’s Run seam, which is here in full
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thickness. In another shaft, beginning with the upper thin coal, we find
other ores.

Fr.  In,
1. Thin coal ..... vt e e tearae e aeaas .. 8
2. Shale, with nodular ore ..................... hereeiiaees 3 ‘e
3. Clay shale ...onvvienriersensnrarossenanaescsncennssnes 12
R TR 6§ U P 1 .
5. Interval .........iiiiiiiiias cereans rreareenans PR 7 *..
G. Shawnee ore, Bl ... iiiieiieai e 3 4

“In another shaft the Shawnee ore is composed of a layer of two
feet of blue ore, with one foot five inches of nodular ore underneath.
There are also nodules of ore filling a space of one foot three inches about
ten feet below the thin coal, which is here twenty-nine feet above the
Shawnee ore. By three instrumental measurements, Mr. Lyons made the
interval from the Nelsonville coal to the Iron Point ore ninety-one, ninety-
two, and ninety-three feet, respectively; but he found the ore varying in
level ten feet in the space of six rods. These measurements appear to
verify his conclusion that the blue ore from five to twelve feet above the
Bayley’s Run coal is the equivalent of the Iron Point seam, although it

" nowhere presents the laminated structure of the latter.

“Through the labors of the Moxahala Iron Company, the equivalent
of the Iron Point ore has been found at several places in thickness vary-
ing from one-foot to thirteen feet. The Hone ore, first discovered by Mr.
Lewis Wolfe, is on a hill between Moxahala and New Lexington. It is
reported to be by measurement a little over one hundred feet above the
Nelsonville seam of coal. The ore rests upon a sand-rock, and no coal
was seen below it. In this region the Bayley’s Run coal is generally absent
—replaced by sand-rock. The Hone ore is a local deposit, or pocket, on
the summit of a knob, and covers from one and a half to two acres. It
is seven feet thick, in the center of the deposit—in one place swelling to
eight feet, but becoming thinner at the outcrop. It is covered with clayv
from one to ten feet thick, but the covering has admitted the air, and
the whole body of the ore is thoroughly oxydized. There is little appear-

,ance of lamination, and no traces of carbonaceous matter were detected.
The ore was doubtless originally a carbonate deposited in the form of a
mud remarkably free from silica and alumina. The borings, where the
ore is seven feet thick, were intimately mixed, and constituted a sample,
which, analyzed by Mr. E. S. Gregory, of Youngstown, showed the fol-
lowing constituent elements:

Water combined ...... DD DU N 10.61
Iron sesQUIOXIAE ..vovavserveniniinnnronnsversrsnsesernnanss vrens T9.58
Silicic acid .....00coiiiiiiiiiiiann v e e ey 4.22
AImIng ..o e e eaens 1.16
Oxide manganese .................. e e 1.06

Lime carbonate . ...oovvnriniiiieiie e 1.88
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Magnesia carbonate .......... ... s 0.29

Phosphoric acid ......oooi it e e 1.03

Sulphur ..... b e et a e re e et e e ey 0.07

Total .o e e s 99.40

Metallic fron . .oviniiiiiii i taaa e aa 55.71

PhOSPhOrIS o onn ottt ci it e e i 0.45
-

“The ore is rich in irpn, and is easily smelted. It isveasily dug, and
is delivered by railroad to the furnace very cheaply. There are probably
15,000 tons in this single deposit.

“Another deposit of ore which is believed to be in the horizon of the
Iron Point ore is found on the Whitlock farm, a little northeast of
Moxahala. This deposit is irregular in outline, and the extent is not well
ascertained. The ore where first opened is laminated with occasional
films of coal formed from isolated fragments of coal plants. On the
outcrop the ore is oxydized and dark red in color; but under cover it
becomes a regular blackband, according to Mr. Chamberlain. I have no
full analysis of this ore, but it appears to be of excellent quality, and has
proved itself such in the Moxahala Furnace. A single determination of
the iron in the oxydized portion of the ore, showed 44.50 per cent. of
metallic iron.

“More recent developments of the Whitlock ore show a change from
a blackband to the unstratified oxydized character of the Hone ore pre-
viously described. The ore thus changed is very fine, yielding over fifty
per cent of iron in the furnace after it is calcined. Mr. Chamberlain
also reports that in some places over the stratified or blackband portion of
the Whitlock ore are considerable masses of nodular ore. Thus we have
in the same horizon blackband, massive limonite, and nodular ore. As
Mr. Chamberlain well says, the nodular ore may, in niany places, serve to
indicate the horizon, and further search may reveal the blackband itself.

“In the neighborhood of Bristol, in the same county, much larger
areas of the Iron Point ore have been found. These areas, already proven,
would make an aggregate of from one hundred and fifty to two hundred
acres, in which the ore is believed to range from two to thirteen feet in
thickness. The ore under impervious cover, will doubtless prove to be a
typical blackband, with more than ten per cent of carbonaceous matter.
Through the courtesy of Mr. Chamberlain, of the Moxahala Iron Com-
pany, I have received the following analysis, by Mr. Gregory, of this
newly found ore. The sample analyzed was composed of borings obtained
in sinking holes to test the deposit.

“Analysis of Blackband, Moxahala Furnace, from the large deposit
near Bristol:

11 £ Y O 20
Tron carbonate ..o it iieniiatararann et i 43
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Iron sesquioXide ........vniiiiioiiiiiii i it i 18
Lime and magnesia .........coovvirurennnans e 4
AlUmina ..ot i it it ey 0.72
10 23 £ U 0.04
Phosphoric acid ..ot i iieitieeinaen i iaaeas 0.83
Water and organic Mater .......ueicvneerorracnocreresnerionss 8
96.59
Metallic (10N +v. i ivrseersenrnensseinsasneenanansinesernarases 33.80"

“The last point at which we found ore to be taken from the Upper
Freeport or main blackband horizon in coming south and west is in Ox-
ford Township, Tuscarawas County.! The counties of Coshocton and
Muskingum have been passed without the report of a single deposit of
this character. The ore is not likely to be found in central Muskingum
county, as we know from the fact that the coal is already mined exten-
sively through a number of townships here, and the horizon has thus
been fully disclosed. If the ore had been present, it would certainly have
been brought to light. It has been already shown that in the occurrence
of the ore thus far, it has occupied the exterior margin of its field, the
mineable coal being found farther within the basin. In other words, the
landward side of the coal swamp received the supply of iron, probably
in the waters of the drainage streams that found their way to it. The
Stark and Carroll county deposits, for example, are found on the very
westernmost outcrop of the Upper Freeport level, while the Dell Roy
coal field lies a dozen miles or more from this outer margin. In the
same way, the Tuscarawas ore-hills mark the outermost exhibition of the
Upper Freeport horizon in that county. The Cambridge coal, on the
other hand, lies 20 miles within this boundary, In parts of Muskingum
county, as just stated, the coal is found of good thickness on the western
outcrop of the seam, without the ore, but in central Perry county the
conditions found in Carroll and Tuscarawas counties are repeated. Valu-
able beds of stratified ore mark the northwestern outcrop of the Upper
Freeport seam, while a still more valuable seam of coal is found as the
horizon dips down toward its final cover to the southward.

“The blackband ore of this region was first discovered in the nelgh-
borhood of Shawnee. The hill on which it was found was named Iron
Point, and the ore has been generallv known as the Iron Point ore, but
sometimes as the Shawnee ore. It is confined to section 10, Pike town-
ship. ‘

“The ore lies about 100 feet above the Middle Kittanning coal
{No. 6) which is here the basis of all sections. The range of intervals
is, however, considerable, the distance being sometimes reduced to 9o
feet, and occasionally rising to 120 feet. The level of the ore in a mine

¢ 3Geol. Survey Ohio, Vol. V, pp. 108410,
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that covers even less than an acre will frequently be found to have a
range of 20 feet. These facts are entirely in keepmg with the general
character of the horizon.

“In composition the ore is not in most cases a true blackband but
much of it would rather come under that division of the stratified ores
called clay-bands. Thin streaks of coaly matter are distributed between
the drab-colored layers of carbonate of iron. Below it there is often
found, as in the other fields, a foot or two of coal, generally poor in
quality, and not enough can be depended on to effect the calcination of
the ore.

“The blackband in the immediate vicinity of Shawnee is supposed
to have occupied about 20 acres, but it is now practically exhausted, only
a few small areas being left of the original deposits. Four furnace stacks
were built, upon the discovery of the ore, and they have made, in their
short career, quick work with what has been discovered up to this date.
One furnace might have found a. profitable life in the field, with the
blackband for its main reliance, but four necessarily brought about a
rapid exhaustion of the limited supply.

“The ore seldom rises above 3 feet in working height, and the aver-
age of the worked areas will not probably exceed 2 feet. It was largely
niined by ‘stripping’ or ‘tailing’ at first, but that stage soon passed, and
almost all is taken from regularly opened drifts at the present time. The
calcined ore yields more than 50 per cent of metallic iron.

“In Section 14, Pike Township, about equally distant from \e\x
Lexington and Moxahala, the valuable deposit known as the ‘Hone ore’
was found. The bank covered less than 2 acres, and reached a maximum
of 8 feet in thickness. It has been entirely mined out. It was a distinctly
stratified ore, but contained no carbonaceous seams. It was quite light
in color when under cover. The outcrop was a rich and mellow limonite.
A question has Kecn raised as to the true geological place of this ore, but
there does not seem to be sufficient reason for rejecting the general con-
clusion that it lies at the blackband horizon.

“No such question exists in regard to the “Whitlock ore’ which is
found in section 14, Bearfield township. This is certainly at the Upper
Freeport horizon, and, moreover, it is a true blackband. A long and
valuable section was measured in this vicinity, including the Whitlock
bank. It is as follows:

Ames limestone
. Interval —not measured.

Cambridge limestone

Interval ot it i ettt 30 feet
Brush Creek coal—No. 7a T
Interval ...ooiiiiiiiiiieieiinieans bt 45 feet

Whitlock ore—Upper Freeport coal No. 7
Interval ovnrriinriiiianiiiiyaan s, 6] feet
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Nodular ore and fire clay—Lower Freeport horizon?
Interval i et 51 feet

Middle Kittanning coal—No. 6.
From lowest coal to ore, 117 feet; from same to Cambridge limestone, 212 feet.

“So far as worked, the seam has ranged between 114 to 4 feet in
thickness. It carries enough coal and carbonaceous matter to effect
its calcination. It is under much heavier cover than most of the ore
bodies of this horizon. In fact, not another occurrence of genuine black-
band has been noted in the State directly beneath the Ames limestone.
The area already mined will not exceed an acre, but the hills come down so
abruptly that the possibilities of tailing or stripping the ore have already
been exhausted. Drifts have been pushed under the hill, but they are
not now open. According to what seems reliable testimony, the ore was
left at full thickness at the head of the drifts. If this be true, there is
still a considerable amount to be looked for in this region. The horizon
can be marked through a large territory. All the ore that was mined here,
was taken to Moxahala Furnace. The raw ore contains 36 per cent of
iron.

“There is another important field near Bristol, in the southwestern
corner of Pike township. Two bodies of the ore have been found and
worked in sections 2g and 32, respectively. The former is known as
the Clark ore from the name of the farm on which it occurs; the latter
is, for a like reason, called the Bowman ore. Both have been worked
quite largely, the former for Moxahala Furnace, and the latter for the
Shawnee furnaces. The average thickness of the Clark ore is less than
15 inches. The Bowman ore covered originally about 22 acres, and prob-
ably two thirds of it have been mined out. It occurs in two benches,
separated by about 15 inches of shale. The upper ore bench is 6 inches
thick ; the lower ranges between 12 and 15 inches. The ore is mainly
mined by stripping. A tram-way conveys it from the mine to the rail-
road at McCuneville. These deposits are not equal in value to the Iron
Point beds. They fall below in thickness, and perhaps also in quality,
but they have already yielded many thousand tons of iron, and the supply
is not exhausted.

“To the south of Moxahala, several large deposits of rough ore
occur at the same general level, but experience does not warrant us in
assigning to them any real value as sources of iron. One of them is so
high in phosphorus that it would serve a better purpose as a fertilizer:
than as an iron ore.

“In section 2, Ward township, Hocking county, on the Helen Furnace
lands, a blackband ore has been opened and worked to the extent, at
least, of several thousand tons. It lies 93 feet above the main coal
(Middle Kittanning or No. 6). It carries a foot or two of coal above it
(Upper Freeport or No. 7) and below it there is also a sulphurous, car-
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bonaceous deposit that verges toward coal. The Lower Freeport coal
also appears in the section. The ore ranges from 6 to 15 inches in thick-
ness, It lies under comparatively light cover. When calcined it yields:
fully 50 per cent of iron. It has been mined by drifts, and shows itself
a persistent deposit, so far as it has been followed. It appears to held a
considerable area, being found in several tracts that are separated by
valleys. It did not work as kindly in the furnace as could be desired,
and since it cost as much, or nearly as much, as the Baird ore that the
other furnaces of the valley were handling, it was found necessary to
abandon its use, at least for a time.”

MOUNTAIN ORE
INTRODUCTION

The Mountain ore appears to belong to the horizon of the Mahoning
limestone, lying below the Mahoning coal. “This calcareous ore, which
elsewhere is a non-ferruginous limestone [Mahoning], has been exten-
sively mined in eastern Tuscarawas County, as on the property of the
old Zoar Furnace, in Fairfield Township, and is known as the ‘Mountain
ore.?

REGIONAL GEOLOGY
TUSCARAWAS COUNTY

- “The Mountain ore is of but local importance and has been obtained
chiefly in the eastern part of Tuscarawas County, in Fairfield Township.
The ore is subjected to calcination in heap, as is usually done with ores
of its class. As an ore it is highly valued.”®

“The limestone ore [Mountain] shows equal irregularities of thickness
to that of the blackband. At Wilhelmi’s mine [Auburn Township] in one
of the old openings, it is seen increasing from nothing to 3 feet in thickness,
running down a slope of blackband ore, and practically taking its place.
Throughout the area occupied by the limestone, that is, over parts of Stark,
Carroll and much of Tuscarawas, the limestone [Mahoning] is met with
at intervals, having, where present, a thickness of 4 to 5 feet. Even where
not forming an iron ore, it contains so much iron as to assume, in weather-
ing, a decided buff color, and it is frequently referred to in our [Newberry]
notes and reports as the Buff Limestone.”

PERRY COUNTY

“About 4 feet above the upper or Stallsmith seam of coal, [Upper
Freeport], is a deposit, apparently in very large nodules, of an earthy blue

1Geol. Survey Ohjo, Vol. V, p. 461,
*Idem., p. 468,
3Geol. ‘Survey Ohio, Vol. TII, p. 78,
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carbonate of iron or siderite. On the Latta farm, near Millerstown
{Monroe Township, Perry County), the thickest nodule measured 2 feet
in thickness. . .. On the Rogers farm, in the same neighborhood, the same
earthy blue carbonate of iron was seen, grouped in three layers of nodules,
measuring respectively 13 inches, 14 inches, and 6 inches, making in all
33 inches. To determine whether these nodules will prove sufficiently
contiguous to constitute regular seams, will require additional excavation.

“As this was by far the largest development of ore seen above the
horizon of the great seam of coal [Middle Kittanning], samples for analysis
were taken from both the Latta and Rogers farms. The sample from the
Latta farm yielded, according to Prof. Wormley’s analysis, 26.12 per cent
of metallic iron, and that from the Rogers farm 23.78 per cent.””?

ATHENS COUNTY

E. B. Andrews, in Volume I1I, Geological Survey of Ohio, 1878,
reports as follows:

“On lower Sunday Creek large bodies of ore are found above the
Bayley’s Run [Upper Freeport] seam of coal. The ores are, generally,
nodular on the ocutcrop, but further exploration might bring to light locali-
ties where they form regular layers. The largest deposits, so far as 1 have
seen, are found in a horizon ranging from 10 to 25 feet above the seam
of coal referred to. The ore, is, in places, very abundant, and could be
advantageously mined. At no point have I seen these ores assuming the
character of blackband. The following analyses were made by Prof.
Wormley of samples taken by myself from different localities:

Analyses of Lower Sunday Creek Ores

1 2 3 4

Water ...... i 6.15 12,506 5.85 7.90
Siliceous matter .............. 18.44 21.96 15.97 8.36
Iron sesquioxide .............. 26,68 59.48 23.86 36.70
Iron carbonate ................ 31.16 19.38 12,87
Aluming ....coviinaneennn. 2.20 0.80 0.90 1.60
Manganese .........c.iiinennt 5.20 1.40 0.95 6.20
Lime phosphate .............. .21 Trace 0.69 .89
Lime carbonate ............... 5.25 1.60 22,24 20.96
Magnesia carbonate ........... .54 2.72 4.24 3.63
Sulphur ..oovvviiiiiinvinienns 0.06 Trace 0.06 .10

Total ............. 99.99 100.46 99,14 99.21
Metallic iron .......coeuiiian, 33.72 41.57 29.56 31.90
Phosphoric acid .............. 0.10 Trace 0.31 0.41

“No. 1 was from Section 7, Trimble Township.
Nos. 2 and 3 were from the ‘Dugway’ in Trimble.
No. 4 irom Laurel Fork, in the same township.

1Geol. Survey Ohio, Report of Progress, 1889, p. 123,
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“Some of the ores are excellent. No. 2 is quite rich in iron, with only
traces of sulphur and phosphorus. Taking the four analyses together it
will be seen that the average phosphoric acid is only 0.21 per cent, which
is quite low for Coal Measure ores. The average percentage of iron is
34-19. It is to be expected that the ores under impervious cover will be
carbonates exclusively, and, consequently, a little less rich in iron.”™

“A line of facts, similar to the foregoing in many respects, is found in
what is called the Dugway ore. This is a deposit of the same general
character as the Buchtel ore, but lying above the lower stratum of the
Mahoning sandstone. . . . It lies from 15 to 30 feet above the Upper Free-
port coal (No. 7}, and about the same distance below the Brush Creek
coal. [Mason]

“It occurs in massive blocks or bowlders that lie in a red and white
clay. The bowlders will often make a thickness of 3 or 4 feet in an
aggregate of 6 feet of outcrop. The horizon is quite steady, being shown
in almost every section where it is due, especially along the Sunday Creek
Valley. An analysis of a selected sample of the weathered ore from the
farm of Joseph W. Jones, on Mud Fork, near the Blondin well, gives the
following results:

Analysis of Dugway ore, Mud Fork, Trimble Township: Analyst,
N. W. Lord.

131 T N 11.97
Iron protoxide e e e 29.01
Iron sesquIOXIAe ...vvrvuvsernnrrneeisarrneerarssrannensvecenns, 14.43-
ATUMING o oviiiitiainsiannoaaerassoseennsetontansneosnenscnunes 6.29
Manganese oXide ... .iiiiiiii i i i i, 0.83
D 57 T S 6.10
Magnesia ....... e et e e 2.83
Carbomic 300 . v.iirvueeiicreeiraanreriarasanarannessaaranaracn 25.68 |
Phosphoric acid .....ovieannraiii et 0.828
LT 1)1 N . 002
Water and organic matter ..... S A 2.41
MOISHIEE «vteevnanrsecnaneeseansoncrasssssonsoncnennnsnsnss C 0.4
Total ............. Ceeereeevans PR N 100.84
Metallic fron ......covveavnnn e retee et vereee.. 32,70
Phosphorus ........cooiiuiuas e e eaen et aa b 0.361
] 17 11 o AP 0.024

“Iron could be made from an ore that would maintain this character
and compesition, but experience has shown a rapid reduction in the per-
centage of iron as soon as the outcrop is left. A few attempts have been
made to mine and work the ore. At Corning several hundred tons were
taken out of the seam, which is in full development and easily reached, but
the use of the sample that was mined created no demand for more.”””

1Geol. Survey Ohie, Vol. III, pp. SIT-8T8.
2(Geol. Survey Ohio, Vol, V, pp. 111412,
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“Ore about 15 feet above the Bayley’s Run coal [Upper Freeport] is
called by Prof. Weethee the ‘Great Vein Ore’ as it reaches a thickness
in places of over 5 feet. One specimen of the unroasted ore yielded 42 per
cent metallic iron, and the average of several analyses was 35 per cent. Its
outcrop may be seen on Section 17, Trimble Township (Athens County) ;
Section 11, on the Follet land; on the Moody farm in Fraction 36; on the
Blonden, Johnson, and Hope lands, on Mud Fork; on Jones’ Run, Frac-
tion 1; on the Russell lot, in the village of Trimble; on the Jennings farm
at the Dug Way of Trimble, on the mill-dam in Millfield in Dover town-
ship; also, on Section 5 and 18, Dover Township, etc. Its very numerous
and heavy outcrops indicate that it may be found at this harizon throughout
nearly the whole valley. It consists of layers of nodules, some of quite
large size, bedded in shale, some of the nodules containing considerable
siliceous matter, and others 20 to 235 per cent of carbonate of lime. The
_iron exists mainly in the form of a sesquioxide, but some of it as a
carbonate.

“At the Dug way, north of the town site of Ewing [now Jacksonville],
the ore is opened up so as to disclose in a vertical height of 6 feet the
equivalent of 5 feet of solid ore, while above this are 5 feet of red ferrugi-
nous shales containing nodules of rich ore indicating valuable deposits
above the massive nodules. The lower stratum is blue, but burns to a black
_oxide which is highly magnetic, and all the strata appear to lose-their
siliceous character, which marks some of them at the outcrop, as they are.
followed into the hill. This is a magnificent exposure of ore; and several
other entries gave promise of an equal thickness. Different openings in
Trimble and Dover townships give the following measurements of solid
ore: Five feet, three feet, four feet, two and one-half feet, etc. There
can be little doubt that this fine bed of ore is continuous through all the
hills in this neighborhood and of sufficient thickness to mine by drifting.
The ore rests upon a white fine clay, and is bedded in clay colored red by
the iron. This ferruginous clay extends up to a thin seam of coal [Maho-
ning] five to ten feet above the ore, and is generally so compact as to
constitute a good roof. The ore can be mined without blasting, but the
nodules are sometimes so large as to make it difficult to handle them.™

GALLIA COUNTY

“On Dry Ridge, a few miles southeast of Gallia Furnace, a section
was taken in order to get the approximate stratigraphical position of.an
iron ore. The section is as follows:

Ft. In
Sandy limestone, fossiliferous [Cambridge]................... 1 3
Not exposed ..ooovreit it ianreeartangeoraraanans 86 0
L 3 s ¢ o - 1 3

iGeol. Survey Ohio, Vol. I1I, pp. 688-889,
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Not €XPOSEA v .vvrvrinnts et rnnnatansoncereraerarearersens 90 (4]
Sand-TOCK .t ie it e ey 24 0
Sheridan [Middle Kittanning] coal, no epening................

“The ore in the above section has been used with acceptance in the
Gallia Furnace, but it is too far away to make its use profitable. The ore
is a dark red limonite, but has a decided tendency to crumble, and hence
can best be used as a mixture with other and harder ores.”™

“Throughout the southern counties this horizon {Mahoning limestone}
is always conspicuous as an ore or limestone horizon. It lies a little higher
above Coal No. 6 than to the northward, its average height being about
130 feet. It yields an ore of large volume at Gallia Furnace, which has been
worked to a considerable extent under the name of the Banda ore. At
Hecla Furnace it is known as the Top Hill ore.”™

LAWRENCE COUNTY

“The Hallelujah ore of Mt. Vernon Furnace lies, according to the
best interpretations, a few feet above the blackband level, {above Upper
Freeport coal], but upon this point there is room for difference of opinion.
. . . Wherever it goes, will probably also go the Banda ore of Gallia
Furnace, an ore once mined in considerable quantity, for a short time.
Neither of these ores is distinctly stratified, and yet both agree with this
class [Limestone group] more nearly than with any other.

“The Hallelujah ore has large volume for a Hanging Rock ore, ranging
from 114 to 2 feet in thickness. It is red on the outcrop, but under cover
it is blue with a greenish tinge. Thus far [1884] it has been worked only
in one hollow of Mt. Vernon land, but the same ridge that covers it reaches
through to Buckhorn land, and it will probably be found here also when
looked for. )

“The ore imparts a peculiar character to the iron into the production
of which it enters, causing it to crystallize in large plates, like spiegeleisen.
For some time this character of the iron [high manganese] worked against
it in market.”” V

The Oak Ridge ore belongs on the horizon of the Anderson coal, with
its associated Portersville and Bloomfield limestones. The ore is very
local in extent and has been worked in only one locality, near Qak Ridge
Furnace in Lawrence County.

“About 20 feet above the Cambridge limestone, in Aid Township,
Lawrence County, quite a heavy deposit of ore occurs. It was the main

1Geol. Survey Obhio, Report of Progress, 1870, p. 170,
2(ieol. Survey Ohio, Vol. 11T, p. v11.
3Geol, Survey Ohio, Vol V, P. 434,
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reliance of Oak Ridge Furnace for the short time that it was in blast.” !

“The last ore of the series scarcely deserves a place in the column.
The Oak Ridge ore was discovered, it might almost be said, invented, to
meet the demands of a newly built furnace [Oak Ridge built 1856-57]
that was located outside of all the main ore belts. Something must be
found from which to make a stock pile, and the Oak Ridge ‘ore’ answered
that purpose, and it also served to use up the charcoal supply of Oak
Ridge Furnace during its first and only blast. The ore lies about 20
feet above the Cambridge limestone. It is a lean and coarse deposit,
known in but a small territory and not likely ever to be mined again as a
source of pig iron:”

ORE IN ROUND KNOB SHALES
INTRODUCTION

The upper half of the interval between the Ames and Cambridge
limestones is generally occupied by red shale, for which Condit proposed
the name of Round knob from a hill of that name in Madison Township,
Columbiana County. ‘““The beds vary from structureless, purplish-red clay
to deep red, even-bedded shale, which may alternate with bluish layers.
The more sandy portions frequently show ripple-marks and sun-cracks.
Lenticular siderite concretions are common in the bluish shales and
nodules of limestone and hematite in the structureless red clay. The hema-
tite is in dense, reddish nuggets of sub-metallic lustre, which contain 55
to 60 per cent of iron and would be of value as iron ore were the quantity
greater.”’?

REGIONAL GEOLOGY

These shales are well marked across the State and usually bear fer-
ruginous matter in the formm of nodules of various sizes and shapes.
Only where concentrated along stream beds and available through placer
mining would the ore be of sufficient interest for working. Some idea of
the quantity of ore in the shales may be gathered from the following:

“In the shale underlying the Crinoidal [Ames] limestone in Union.
Lee, Center, and Monroe townships, Carroll County, there is always more
or less iron ore, sometimes plate, sometimes blackband, but usually in
small nodules or evenly disseminated throughout the mass, which is often
20 feet thick. When concentrated in one layer, the ore is rarely more
than 4 or 6 inches thick.”*

“This is called the Fulton ore because first opened on the farm of
D. Fulton, Section 29, Dover Township, Athens County. Its position is a
_—:Geol. Survey Ohio, Vol. ITI, p. 911. ’

2Geol. Survey Ohio, Vol. V, pp. 434-485,

3Geol. Survey Ohio, Fourth Series, Bull. 17, pp. 35, 36.
4Geol. Survey Ohio, Vol. 111, p. 197.
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few feet below the Ames limestone, and indications of its presence in many
places may be observed. It has been opened only on the Fulton farm and
on Fraction 36, Trimble Township. On the Fulton farm the opening
has been carried some 50 feet into the hill, but no roof reached. The
maximum thickness at place observed is 18 inches, but the nodules and
fragments of ore, some of considerable size, in the earth above, indicate
a thicker stratum when the rock cover is reached. This is a remarkable
Coal Measure ore, a yellow sesquioxide of iron, almost pure, yielding a
fraction over 60 per cent of metallic iron, of sulphur a mere trace, and of
phosphoric acid 0.19 per cent only.”*

ORE IN “BIG RED"” SHALES
INTRODUCTION

“In the interval between the Ames limestone and the Pittsburgh coal,
which varies from 220 feet in Jefferson County to 155 feet in Meigs
County, the predominating rocks are red ferruginous shales, gray marly
shales, fresh-water limestones, and massive sandstones. The red shales
are most always present and usually make up a fair part of the total strata.
In these red shales the chief coloring pigment is hematite laid down as
such, in fine dispersion and also in nodules varying in size from one-tenth
inch or less to 3 inches or more. These nodules vary in shape from nearly
round, to very irregular, to flat or oval. In general these nodules are
quite pure hematite, varying from 45 to 60 per cent iron. Some of the
larger nodules may also be pyritic in character. For the most part the
nodules are scattered irregularly through the mass of shale. However, in
some sections they are confined more or less to bands or zones, quite
continuous. In general the ore-bearing shale is not sufficiently rich to
be worked for the ore alone, except possibly in some restricted areas.
Through erosion many valleys in eastern and southern Ohio are cut largely
in these red ore-bearing shales, where the fine materials have been carried
away and the coarse and heavy matter left along the streams as valley
fill. Such conditions offer possibilities for placer mining of the ore.””

REGIONAL GECLOGY

“In Stock Township, Noble County, on the land of Mr. Smith nodules
ot excellent iron ore were seen 135 feet below the coal. [Meigs Creek].
These nodules are generally rich i iron, but they are seldom found in
sufficient quantity to warrant drifting for them. . . . Some ore of very
superior quality was also seen on the farm of A. Enochs, in Section 36. . . .
The ore is a sesquioxide of iron and slightly hydrated, the combined water

3Geol, Survey Ohio, Vol. III, p. €00,
2A Survey i{ now, 1944, being made of these deposits.
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being only 4.60 per cent. The following is the analysisb of the ore by
Prof. Wormley:

B L R 4.60
I 1 PR 10.76
Sesquioxide of iron. ............. T e 80.51
ARG © oottt iat i iee e cvinanstsnnasnsasaneraarincanacenaas 1.20
Magnesia . .vuiiiinnnee ittt e et a e 1.30
05 SO 1.30
Phosphoric acid .....ocvniiiiiiniiiiii it e Trace
Sulphur ...oiiiiiiiiia... e neeee et raaaas 0.00

Total ..oviriiiiimir e e eneieeiaes 99.67
Metallic IrOmE .. o. it e eiiec it tracananasnaennns 56.36

* “The ore is rich in iron, and its remarkable freedom from phosphorus
and sulphur makes it the best possible material for an iron for conversion
into steel. . . . In the slide of the hill-side were large, laminated blocks of
ore 6 inches thick. It is an ore of very great promise.”?

In a report on Noble County, in Volume II, Geological Survey of
Ohio, page 516, E. B. Andrews writes as follf)ws:

“Between Hiramsburg Station and Ava Station in Noble Township,
Noble County [horizon of ‘Big Red’ shales] Col. Teeters, of Caldwell, to
whom I am indebted for much intelligent aid, found some ore (but not,
I think, in place) of a good quality as seen by the following analysis:

Water ....... o rasteee s n ey P 12.85
Siliceous matter, €1C. .....iiuuiniiiiia i e aieeeee. 20.04
Sesquioxide of iron ... .civiian.ld et 58.27
ARNIMINDA ot ittt aeaner i ai et i Trace
Manganese . .o...veiiiritnsesuiiirontronaennsesntttaranennraras 35.80
Phosphate of lime .....o.ovuviiiiirnraneenoiinveraneenunnnns 1.30
Carbonate of lime ........... e e neeacaaacare b e ey 0.14
Carbonate of magnesia ..... ..ot iiiiiiiiiiiiiiirii i 1.21
SUIDRUL .o i e e e s e, 0.10

Total ...... ettt 99.71
Metallic iron ........ eeeenirseteaar e e, 41.78
Phosphoric acid ...cvverreiinnsoriasestecnnnsnnraersrennannnnas 0.60

“The percentage of phosphorus is not large, and the amount of
metallic iron is considerable. The manganese would make the ore valuable
for certain purposes.”” ‘

Such ore is also found along Duck Creek in Aurelius Township,
Washington County. Andrews states :*

1Geol. Survey Ohio, Vol. II, pp. 524-525.
2]dem., p. 516,
STdem., pp. 489-90.
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“Iron ore oi excellent quality is often found in this [Aurelius] and
adjacent townships. It is always in nodular form, and is derived from
the disintegration of clay shales (in upper part of Conemaugh series) in
the hill sides, from which it is washed out. Sometimes very large nodules
are found. It is often difficult to trace the ore to its original bed, but
where I have succeeded in doing this the nodules are too few to warrant
drifting into the shales, for them. Doubtless other and better localities
will be found where drifting may be profitably done. The following is
an analysis by Prof. Wormley, of a sample of ore from the farm of
James Dutton, in this township:

SPECHIC ETAVIEY oot iiivrennrearernranrennsrecnnsnrerssnnnsnns 4,554
Water, combined .............iiineenn e eeeaaas enienaaeae. 1.20
Sesquioxide of Iron ... . il i e PRUT 78.90
Alumina ......... e n e e eaeea ettt s et ae s 7.70 .
Silica and insoluble matter ....... ... ittt i 10.60
Sulphuric acid ..vvvriirenrinrinr i arnnaes et reeaaeaan FTR 0.25
Phosphoriss .. cooeeint it i i i e 0.00
0 7 98.65
Metallic S00m ucurerr s er it ie i et i ananans ... 55.48

“This is a rich ore, and would make an iron adapted to Bessemer
Steel. If it can be found in adequate quantity, it will be of inestimable
value,” :

These red shales are prominent features of the Conemaugh series
in southern Ohio in Lawrence, Gallia, Meigs, Athens, Morgan, Perry, and
Muskingum counties where the thickness varies from 25 to 100 feet or
more. The common measurement, however, is between 25 and 75 feet.
Thick deposits are also present locally in Guernsey, Noble, Belmont, and
Harrison counties and are found to a less extent in Washington, Tus-
carawas, Carroll, Jefferson, and Columbiana counties. Some of the strati-
graphic features are brought out in the following sections:

In Columbiana County the full thickness of the Conemaugh series is
not present as the highest knobs coatain only the Connellsville sandstone.
The following record, taken along the road in the northern part of Section
21, Wayne Township, Columbiana County shows the detail of the shales
between the Connellsville sandstone and the Harlem coal:?

Fr. In,
Sandstone, part covered, Comnellsville ......................... 14 0
Shale, yellowish ... ... o i e 4 0
Shale, red .o.coiiiuriniriieiitenaresrarvennrearneransanncans 2 1]
Shale, yellowish ..ottt 4 0
Clay shale, red ...ttt iiiicsaiaenins 4 0
Sandstone, shaly .......cioiieaimiiiiii i 4 0
Clay shale, red, full of small limestone nodules, Clarksburg.... 13 0

iGeol. Survey Ohio, Fourth Series, Bull. 28, p. 354,
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Shale, drab, part siliceous ...........ceevievrenrennnrannnnn. 2 0
Clay shale, red ....coiiiiinrieivniiiiianiiriianevannan, 14 0
Shale, drab ..cuvriiiiiiiii i it e e 4 0
Covered .uivernvonnroninriiaaee iy S 3 0
Shale, gray to drab ...o.oiviini i 26 0
SHAlE, GAEK o nvomeeneenee e e e e 10
Coal, weathered, Harlem ... ... ... i uiriiraiinnanrnaanns 0 10

In Carroll County the conditions are not essentially different. In
Jefferson County the deposits of red shales are irregular in thickness and
in character. Only locally do they have good thickness. The following
record taken along the road in the central part of Section 1, Salem Town-
ship, Jefferson County, shows one of the thicker deposits and its place
in the column

. Fe. In
CLIMESIONE L. .vieieaniiant i ratii i aaans 1 0
Shale and covered ........ovuvriieiriineernnrannercrrnnennnns 33 4
Clay and covered ......ovirnnnerininersnianreneonssasnsanns . 8
Limestone, nodular, Summerfield ..........c.oeviivinvinnn... .. 8
Sandstone, shaly, with some sandy shale, Connellsville ........ 26 0
Shale, red .ivivrivrinniririiienrnesronsensernnnrsnccennennes 88 0
Coal blossom, DuQuense ......ccoiiiuiensonnrosnsareecennnes .. 3
Clay cievvrivieiinnnnnn, e ettty 4 6
Shale, gray, arenacloUs .......oeenvusrorennnmnennceersanscis 7 10
Limestone, shaly at top, dAmes . ........oivieiiiiiirinnann, 1 8"

In general in Harrison County the red shales make up from 30 to
60 feet of that part of the Conemaugh section lying between the Morgan-
town sandstone and the Summerfield limestone. Parts of it contain ore
nodules in fair abundance. Such deposits continue without much change
across northwestern Belmont County. The conditions in Guernsey County
are represented in the section given below and taken in Section 11, Lon-
donderry Township *

Ft.  In.
“Pittsburgh or No. B coal ....vvnererniiniivrnirnsinarrnans .. ..
L8 = P 3 0
Shale, sandy - ..o e 3 [t}
L08R PERT PR 13 0
LAmestone, Bray ...veveerneinenievaasvinecenuacnsononnssonecs 2 6
Clay, colored red to gray, nodular limestone present .......... 28 0
Shale .ot e e e 18 0
Limestone, Sunumerfield, having many minute fossils: color of
rock, buff ......... ... ..., e e, 2 10
Clay shale, with nodular limestone ...........veeiiiiviinnan.. 25 0
Shale, sandy, with calcareous and ferruginous concretlons, [ore
ROTIZON] oot ieii v ittt et 90 0
Clay shale .. oouiiitiiii i ettt 4 0
Limestone, Ames. A fossiliferous rock ........... ... ... 1 107

Geol. Survey Ohio, Fourth Series, Bull. 35, p. 167.
(ieol. Survey Ohio. Fourth Series, Bull. 17, p. 171,
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Red shales are conspicuous features in -the upper half of the Cone-
maugh series in Noble County, but they show much variation from place
to place both in thickness and in character. In general the deposits con-
tain considerable ferruginuos matter in the nodular form. The following
section taken near Senecaville, in Section 6, Wayne Township, Noble
County, shows the general nature of the rocks between the Ames lime-
stone and the Pittsburgh ceal :* -

Fr. In
“Coal blossom, Pittsburgh ... ... ... .c.coiiiiiiiiinvn... .. ..
Clay oeriiieii i, e rveeiaenan e 0 10
Limestone, dark gray .....cooooiiriiiiiiiii it 1 3
08 S 3 0
Limestone, dark gray .......oniveiiiniiiaiiinuennrceceasnen.s 1 g
Clay shale ... .ot it eeiaeaannnns 10 0
Limestone ..........coocovvennnn e e 2 0
Shale, sandy ....coivirioiiiii it e 33 0
Limestone, Summerfield.. There are several layers interlain with
clay. Some of these consist of buff limestone having im-
bedded lumps of white limestone ....................... 4 0
Clay shale, with a few beds of sandstone and red clay, having
concretions of limestone and hematite .................. 82 [
Shale, sandy, with irregular layers of calcareous concretions
and two layers of impure fossiliferous limestone, Skelley 13 (1
Limestone, Ames, fossiliferous.......... e e 2 3

The area of outctop of red shale is small in Washington County and
is confined largely to Duck Creek in Aurelius Township.

In general a good thickness of red shale is present in the Conemaugh
series in Muskingum County. A typical section is shown in the follow-
ing record which was taken along the road in Section 4, Union Township.

Ft. In.
Shale, SiICEOUS, BraY.u.oreveenrrvinrenresseronnrcnnnsnnecesn 6 0
Coal blossom, Pittsburgh. ..ol 0 6
Clay shales, mottled, calcareous......co.oivvviiviinnninnnnn.. 35 0
Shale, SilICEOUS, Bray...ouvviuensieariiritisoaceroneancannan 6 0
Clay shale, calcareous, mottled................... P 11 0
Limestone, light . e 1 0
Clay shale, calcareous YSummerfield { ........... 4 0
Clay shale, with limestone bowlders | loveeeeinnes 7 0
Clay shale, mottled, with marly limestone.................... 11 4]
Clay shale, light, with marly limestone........................ 4 0
Shale, gray . .o.ovineteaneraneerncintssstomcnnensennernsanaes 9 0
Clay shales, red and gray, with ferruginous and calcareous nod-

1 L P B LT T vers 86 0
Clay shalegred, part covered ............ frereaieraeiinenan o 13 0
Shale, gray «....oovvnnvnnrnns e asataerasanateenenanrraan 14 0
Limestone, fossiliferous, Ames..... S 1 4

Geol. Survey Ohio, Fourth Series, Bull. 17, p. 169,
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Shale, gray . .evviiiniiniiiiiiii ittt 14 8
Coal blossom, Harlem. ..., 1 0
Clay shale, mottled, parts covered, Round Knob................ 21 0
Sandstone, shaly ......cooiiinimiiii i 5 0
Shale, s0ft, Eray....cocvvneteninoiiiii ittt 3 0
Shale, gray, siliCEOUS. .« .vvverernniieiiii et iennann. 38 0
Shale, dark, fossiliferous, Portersville.. ... ................... 3 0
Coal blossom, Anderson............ e 2 0
Clay shale, light........... o i e 12 0

Throughout western and northern Morgan County, thick conspicuous
deposits of red shales with ore and limestone nodules are present in the
upper Conemaugh Section, mainly between the Ames limestone and the
Summerfield limestone. Locally these shales contain not only the highly
diffused pigmental iron oxide but also hematite nodules, mainly small in
size. The record given below was taken by C. N. Brown, east.of Mec-
Connelsville in the southwest quarter of Section 12, Morgan Township,
Morgan County:

Ft.  In.
Limestone, light ......iiiiiiiiiiiiiii it iiiiiiiineenn 16 0
Covered ...viiiiiinnirinereestiiantttieeteianaeeaaaaeans b} o
Limestone, light .....o.iviiiiiiieiiiiriesrernneereeennvennn. 2 0
L0 1o O 23 0
Coal blossom, Meigs Creek. .....oounennnuennniiiiininnnnnnn 1 0
Covered ..ovnviiiiiiiiiii et s e e 12 0
Limestone, light ...... ... i 4 0
Covered . oivviieiiiii e e 10 0
Limestone, light ........ ... ittt inannn, 1 0
Covered ...t e e e, 13 0
Sandstone, shaly .......coiiiviiiiiiiiiiiiiie P (1] ]
Shale, with thin bands of coal, Redstone...................... 1 )]
Shale, dark ... ... i i i e 11 0
Shale, calcar€ous .....covureriiitirii i e 7 0
Clay shale, light. ... ... coieiiiiii ittt 5 0
Covered .. ...o.n. i e - 1
Coal blossom, Pittsburgh. ... ... ... ..o i i 1 0
Covered ....ovniiii i e e 2 U]
Limestone, light ....... .. ... . ... ... . . . . 5 0
Shale, sandy .....ovvtinninniii i 2 0
Limestone, light, Summerfield.............. . ............... 1 0
Covered .....ooviiiiiiiii i i i e e 9 0
Clay shale, red, with red hematite ore........................ 15 0
Limestone, rough, nodular................. ... ... ... ........ 4 0
Shale o e 10 0
Sandstone, Massive .........c.eviiiieiit i 14 0
Clay shale, red or drab............... ..o i 9 0
Shales, sandy .....coviereiiiiitri i e e 16 0
Covered . ..viiii ittt e e e 25 0
Shale, sandy ....uueiiiinrinn e 10 0
(0053 -« 18 0
Limestone, Ames ..ouuiier ettt 2 0
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A sample of iron ore, gathered by Pearl A. Miller, from the stream
bed along the East Branch of Sunday Creek in Union Township, Morgan
County, gave the following results: Analyst D. Edwin Morgan, Globe
Iron Company, Jackson, Ohio.

o YR S 59.20
Silica, Si0; oo e 815
Alumina, ALO:s ... o 255
Phosphorus, P ... el 0.112
Manganese, Mn ........iiiriiiiriiniiiii ettt 0.62
Ignition 10ss ..o e e 1.7

These ore-bearing red shales are present locally in southeastern
Perry County in Bearfield, Pleasant, and Monroe Townships. The Ames
limestone is overlain by 30 to 75 feet of shale mainly red in color and
along certain zones rich in hematite nodules.

Throughout western Athens County the upper half of the Cone-
maugh series consists of variable deposits of red shale, gray shale, sand-
stones, and fresh water limestones. Some of the red clay deposits contain
hematite ore in the nodular form usually concentrated into bands or zones.
The following record taken by Ellis I.ovejoy southwest of Athens shows
this condition:

Ft. In.
Clay, red, with heavy nodukes of fron ore..................... 23 0
Limestone, bouldery ........... ... ... . . i, 2 0
Clay and clay shale, red, parts covered....................... 2% 0
Limestone, light ........ .. iiiiiiiii i, 1 0
Clays, red .....coiiniiirii it e e e e 13 0
Clay, light, with nodules of limestone......................... 11 0
Clay shale, red, with streaks of iron ore...................... 19 0
Shale, sandy ........ciiiiiiiiiii i e e 19 0
Limestone, Ames .. ..vviuri i e e 1 0

“Red beds” are prominent features of the Conemaugh series of rocks
in the western part of Meigs County. Aside from sandstones the ferru-
ginous shales are the outstanding deposits between the Ames limestone
and the Pittsburgh coal. One or more layers or rather zones of hema-
tite nodules are present with regional continuity.

“The following section was measured along an abandoned road lead-
ing southeastward from Hanesville [northeast Section 1, Salem town-
ship]. Strata above the Pittsburgh coal are also included :!

) Ft. In
“Sandstone, coarse, friable................c i 18 0
1T [ 5 0

Coal blossom, probably Pitisburgh............................

1Geol, Survey Ohio, Fourth Series, Bull. 17, p. 102,
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Concmangh formation

Shale, with white nodular limestone.......................... 23 0
Clay, red ..ot i e c ittt 11 1]
QANdStONE .\ttt e e e 4 0
Clay shale, red ... ... ..o i i i 31 [}
Shale, calCarBOUs .. ovvvvsrrinrinceiaen e rrrirneraaiianvesan.s 2 6
Sandstone, shaly ......viiiriiiiriiareiariiiiitnriieiiains 8 0
Clay shale, red, with nedules of hematite and limestone........ 41 0
SANTSIONE ..t vtrirvrenet e rcerarnarreearsaieranacanreaaans 3 6
Clay shale, red. .o iviiniiiii it et enercaicanan s 14 0
Limestone, Ames, very impure, fossiliferous................... 1 6
Shale, calcareous ...... Cerreessavavena et re e 34 0
Limestone, white, with ferruginous layers at bottom........... 2 0
SandStONE . vvtvtii i sy 1 0
Clay, red, with many hematite nodules.................... L., 13 0
Sandstone, shaly ... ... 22 1]
Limestone, Cambridge .......ccoiiiieinii i iiiiianinna . 2 3
) 7Y - O U .2 0
Coal, unmeasured [Wilgus]. ... .. i i i .. .
SRale vt e e e 12 0
Sandstone, thin bedded........ ... ... o i 11 o’

The Conemaugh series is widely distributed in Gallia County, being
present to some extent at the surface in every township. Red clay shales
appear at several horizons especially both above and below the Ames
limestone, A section upward from the Cambridge limestone to the Pitts-
burgh coa!l in the hill to the south of Northup [Section 13, Green Town-
ship, Gallia County] was measured. The lower exposures were found
along the ravine and the upper portion along the road leading southward
from Northup !

It In.
“Coal, Pittsburgh or No. 8 ... oo iiiiniaaniainenns .. ..
Shale, with limestone nodules .............. ... iiiivna. 24 0
SaANAStONE ittt e 4 0
Shale, bluish ... ..o it i i 3 0
Clay with limestone nodules. ........ooiiiiiiiii e nnons, 12 0
Shale, red .ottt e e 30 0
SaANASEONE oo vttt e e i 4 0
Clay, red ..ovr i i et et 5 0
Clay, bluish ... . i e et 2 0
BaANASEONE .+ ittt e e, 9 0
Clay, red . it e s e e e 4 0
Sandstone, not well shown.........cviviieneviiieannannn, 9 0
Shale, red ...t i e e 10 0
Sandstone, shaly . ...coiivririiiiir i i s 3 1]
Clay, red, with nodular limestone................ e 29 0
Sandstone, shaly ... ovruriniinrneieeiiocreanneeannreanens 9 0
Shale, calcareous, probable place of Ames limestone............ 13 0
Interval mostly covered, consisting largely of red clay with
nodules of limestone and hematite....................... 33 0

*{jeol. Survey Ohio, Fourth Series, Buil. 17, p. 6.
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Shale, reddish-brown, alternating with bluish gray beds........ 12 0
Shale, fossiliferous .........evvvuininiinineiieiennnenann.. 2 4
Limestone, Cambridge ............ovveeiiiiniiininanann. 2 6

Clay shale, unmeasured............vvrininiineeeinannnnnn.

“The interval between the Cambridge limestone and Pittsburgh coal
as shown by the above section, is about 237 feet, and since more than one-
half of it consists of red beds, it is evident that red clay is a prominent
feature in the hills of this region.”

Much the same condition exists in eastern Lawrence County where
the red beds are conspicuous geological features in Rome, Union, Wind-
sor, and Mason townships. This is especially true along Greasy Ridge
the slopes of which contain much red clay, soft and greasy when wet.
The following section was taken on Greasy Ridge from the crossroads
northwest to the valley in Southeast Section 9, Mason township:

Fe.  In

“Coal, Pomeroy, unmeasured...........ccuovuuiininnnennnannnns .. ..
Gyt e e e 3 0
Shale, sandy ....vvueivierinnereirieerernireeanieeenieannnns 32 ]
Clay, horizon of Pittsburgh coal............................. 1 U
Interval, red clay, shale, and shaly sandstone.................. 100 i
Limestone, non-fossiliferous ............. ... ... iiiia.. 1 3
Shale, calcareous ......coivenuniiiiiiin it 3 )
Sandstone, Morgantown, coarse-grained, with a conglomerate at

the DASE ..vveirrierrtioanannteeneonaeantannatannnaennas 40 0
Interval, partly covered, much red clay seen................... 50 U
Shale, sandy .......cccviiiiiiniiiiiiiiiiiiiii i, 40 0
Limestone, Cambridge, fossiliferous...........ccooviveeee.... 1 0
Coal, HIGUS oottt ittt et et s 2 11

Clay, unmeasured ..........ccoiuiiiiieeir i,

A partial analysis of a small sample of ore nodules picked up in a
stream bed in southern Rome Township, Lawrence County, yielded
slightly over 60 per cent iron. This sample was probably above the
average in richness. The area is now (1944) being surveyed.

MONONGAHELA SERIES

The outstanding features of the Monongahela series across Ohio are
the abundance of fresh-water limestones and calcareous shales, the con-
tinuity of great sandstone members, the presence of thick coal beds, and
the impoverishment in iron ores, either bedded or nodular. Such ore
deposits as exist are usually derived from the weathering of limestone
beds along the outcrop or under shallow covering where the conditions
are favorable for solution and exchange. Lean ores of this character
were observed at a few places in Morgan, Athens, Meigs, and Gallia
counties.

1Geol. Survey Ohio, Fourth Series, Bull. 17, p. 66.



DUNKARD SERIES OF PERMIAN SYSTEM
INTRODUCTION

“The Dunkard is a most variable series of rocks. There are sand-

stones, shales, beds of limestones, and coal; in fact, it includes nearly all
the different varieties, of sediments from coarse sandstone and conglomer-
ate to the finest grained shale. These change rather rapidly from one to
the other so that it is often impossible to trace a horizon for any great
distance. And then too there is considerable similarity between a number
of beds at different stratigraphic elevations. This is especially true of
the shales which are often featureless and devoid of any marks whereby
they might be recognized. Shale is the most abundant rock in the series.
The higher shales are often red in the northern part of the area, while
to the south, red is the prevailing color of the shale throughout the whole
series,”” .
One division of the Dunkard series is prevailing red in color through-
out its entire range. It is known as the Creston Reds and occurs about
160 feet above the Waynesburg coal. “These red beds occupy the entire
space between the Lower and Upper Marietta sandstones in the region
about Marietta. They consist of thick beds of red shale with occasional
layers of sandstone.””

Although the Dunkard series contains much shale both red and gray,
these only locally carry iron oxide or carbonate in the nodular form, It
is rich in diffused iron components but not in concentrated forms. How-
ever, these rocks have provided ore for one small furnace for a number
of years. ”

REGIONAL GEOLOGY

In 1857 a small furnace using native ore and local fuel was built
at Martins Ferry. Cyrus Mendenhall, a prosperous Quaker of Mount
Pleasant, conceived the idea of utilizing for iron smelting the native ore
on his 50 acres of farm and on that of his neighbor, Ellis Steele, located
in Sections 1 and 36, Pease Township, Belmont County. Mendenhall
and Jenkins built a small stone stack, 40 feet in height, at Martins Ferry
in which the burden was native ore from their property, coal from the
Lower Freeport member at Steubenville, and limestone from the Fishpot
member in the hills nearby. The ore was mined by stripping and was
hauled to the furnace mainly by wagons. The ore was a limonite derived
from the weathering of a ferruginous limestone. The position of the
ore was only a few feet above the Washington coal in the Dunkard

1Geol, Survey Ohio, Fourth Series, Bull 22, p. 15.
*Idem., p. 19.
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series. The venture proved a success and led to larger works in the
district. .

Conditions found locally in the Washington formation are shown in
the section given below and taken one and one-half miles south of Bethesda
in the south central part of Section 22, Goshen Township, Belmont County.*

Fs.  In.
“Argillaceous red and buff shale ..............ooviviiiinns. 12 6
Gray shale with numerous dark-gray nodules of limestone,

Upper Washington limestone. ....................... e, B 0
Covered interval ...... PP 16 0
Covered slope, probably argillaceous shale................. ... 26 3
Gray shales and nodular limestone, Lower Washington limestone 16 [
Gray shales, and thin bedded, gray sandstones................. 3 0
Gray shale containing one thin, lenticular bed of limestone...... 1 0
Coal blossom, Washington coal...........c..... .. oviien... 2 U
Bluish gray shale containing large iron nodules................ 8 8
Covered interval ......... P PN 29 4
Buff shale full of small iron nodules...................c.voen, 13 ]
Partly covered buff sandstone and shale....................... 20 0
Laminated, micaceous, gray sandstone......................... 16 0
Transition beds from the coarse, friable sandstone below to the

laminated sandstone above.......cooiiiiiiiiniiiniiann., ) 4
Coarse grained, friable sandstone which weathers to buff,

Woynesburg sandstone ..........ccuiiiiiiiiiiinaiin. o2 6
Argillaceous buff shale............ e 0 1
Coal blossom, Waynesburg coal............cc.ccoiviiino... U} 107

“On the land of Edwin Guthrie Section 28, Belpre Township, Wash-
ington County, we find the following geological section, which reveals
considerable iron ore:*

Ft. In
“Shale, with kidney ore in nodules near top..................., 3 ]
08 (1) eenee e e e e o 1
L] 11 AP 2 0
107 5 T 0 3
Shale v e e et 1 8
Ore (B) ittt e e e 0 4
Shale ... e 1 0
01 (4) ovit i e 0 3
Shale v iv et et 2 6
Ore (B) vrieiiee e e e e ¢ 6
1] T £ N 2 b}
Sandstone, quarried . ... .. .. 15 U]
Sandy shale ... ..ot e 20 0
Sandstone [Upper Marietta] ...io..ooviiiiii i, 25 ]

iData from “Iron and Steel in Wheeling” by Henry Dickerson Scott, 1829, page 25, and
from field notes of George W. White taken in 1943,

#(eol. Survey Ohio. Fourth Series, Bull. 22, p. 74

3Geol. Survey Ohio, Vol. II, pp. 156-166,
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“Samples of all the ores, except the nodular one at the top, were taken
for analysis by Prof. Wormley. The numbers begin with the upper layer.
“Numbers 1, 2, and 3 gave only 12, 13, 18.03, and 18.00 per cent of
metallic iron respectively. The detailed analyses of Nos. 4 and 3 are as

foliows

No.4 No. 3

SPECIfic BTAVILY vvvivreniin e iir et 2.916 2,924
Combined water .....ciiirierruriiiiiiiriireaarainnans 7.20 5.20
SIliCeoUs MAMEr . ..vvvennerrannerrnnrrrnrcnmnaronnacs 1640 2168
Tron sesquioXide .. .c...ciiinrr i 1486  60.44
AUIMINA o v it eri i erteeearnrcrntonanceannaneeionnennns 3.60 0.00
MaNganEse . .veievrnsenrerinrecannorarecrinenees AU 2.00 8.00
Phosphate of lime.......c.oooiiiiiiiiiiiiiiiiiiennn, 1.50 0.54
Carbonate of lime.............cooiviviinnnn e, 22.18 2.08
Carbonate Of Magnesia......c..oveverurvannserarneannnns 143 2.04
SUIPBUE e e e trace trace
............................................ 99.17 9998

Metallic fron .. ovtir it e 3140 4231
Phosphoric acid ... cevnii vttt e 0.70 0.25

“No. 5 is a good ore, and worthy of some practical investigation. The
layer is thick enough to be worked under favorable circumstances, and
being near the Ohio River, it might be shipped to furnaces down the river.”

In Athens and Meigs counties the Dunkard series contains much red
and variegated shales, the dominant pigments of which are ferruginous
components. Locally these shales bear nodular ores, some apparently rich
in metallic iron. The nodules, however are scattered through the shales
and so lack concentration necessary for working except possibly along
stream beds as placer deposits.
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L0 T £ 12T 8
Coshocton County
BOBES OT€ ..ottt ettt i e e e 46
Hamden ore. ... e e e e 164
Harrisom Or€. ettt et e et e 25 26
Lower Mercer o€, ... ittt ettt e 74
L) (T g L o o) o <3 AU 17
D
Devonian system. .. ..ol H- 15
PNKATA SETTES .. vt vr ittt ettt et e e e 221-223
Chemical analyses. ... oot i e e 223
E
Elkhorn shale ... oo 19
Erosion Interval. ... ..o o e 16- 27
F
Fermiferous Ore. ... 122-161
Chemical analyses.........ccoooooniiiiiiiiii o 131, 146, 147, 1534, 160, 161
Ferruginous ConCretionS. . ... vt oottt ee ettt e st iieci s e eianans 14- 15
Chemical analyses........ ... 14
Mineral composition ...l ol 14~ 15
- Ferruginous travertine.............ooiiiriri it aanrnnns R 6~ 7
Ferruginous tufa .. ... ... i i s e 6~ 7
Fine Kidney (See Lower Mercer)
| T o S U AN a

Franklin ore (See Ferriferous)

G

Gallia County

Big Red shale Ore......ovoiri e e 2102220

BTl eroUs OF€. . vttt et it e ettt ar e i raeannnn 136-138

M OUNEAIN OT€. s ot ettt ettt e et ettt e e 209-210

NOQUIAT OF€. v\t vttt e e ettt e e e et e et e et 163
Geauga County

B2 T o 1Y) s T ¢ - 26
Guernsey County

Big Red shale ore......coo it caiaean s 215
Guinea Fowl ore....o.ooo il e 37— 42

Chemical anmalyses. . oottt et et et i 38
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H
Halleltgah ore. .. i e e e e 4
Hamden ore. ... ... it e e 164-166
Chemical analysis ..ottt ier it e e 14345
Harrison County
Big Redshale ore.....ouiunii i e 215
HATTISOM OF €.t et vttt et et et et et e e et e n et e et e e e e e e 17- 27
Hematite ore. ...t i i e 5
Hocking County
Blackband ore (Upper Freeport coal horizon)...................... H)3-HM;
BOEES OT€. ot v it ettt e - 3
Buchtel or Bessemer ore........c.ovviinvean... e 177-1280
Ferriferots Or€. ... vttt et 135-157
Guinea Fowl ore. .. o i i i i e 41- 42
Hamden ore.............0.coivviniinenn.. RN 164
Harrison ore. ... e e e »
Jower Mercer Or€.. ... viuin ittt et et 3
Snow Fork ore.. ... e 173
Upper Mercer ore. .. ... . vt ii i CH3-115
Holmes County
Blackband ore. ... ... oot 166-169
Harrison ore.................oc0. e e 26
Lower Kittanning shale ore........ ... ... ... o i ... 163
Lower Mercer ore. ..o ittt s [E SIS
Upper Mercer Ore. ... civn ottt e e i 117
I
Tron carbonate OTes. .. ...t e 3~ 4
J
Jackson County
Boggs ore...................... N - 51
FerTiferous Ore. .ot e e e e s 138-147
Guinea Fowl ore. ... ou i e 39
Harrison Or€. . ... e e e 20~ 22
Jackson Sand Block ore. ...t e 43— 18
Lower MerCer Ore. .. .. ottt e e 67— 71
Nodular Ore. . ..o e 163
Sand Block Ore. ... oot T8~ 10
Upper Mercer. . it e e e 43103
Zaleski fInt. ... ... e 118
Jackson County field
I 2T R A 32- 3t
Jackson Sand Block ore. . .o i 12— 46
Chemical analysis.......... i e 15
Jefterson County
Big Red shale ore........ ... .. .. . i i 215
Junction City ore {See Boggs)
K
KIdney Ores. oottt e i e e 7
L
Lawrence County
Big Redshaleore.........o i inin e e 20
Boggs ore. ... o e 3
L1 o 122
Ferriferous ore. . ...t iie e e 123-134
Lower Mercer ore. ... ... . i e tn
M ORI 0T, v o vttt et e e et e et e e e 210-211
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Nodular ore. . .ov i e e 162-163
Sand Block Ore. . ori e e e e 77- 7%
L0755 T3 i U T O DI 86-95
Yellow Kidnev ore. ... i 174-175
Licking County
Harmison Or€. . ..ot it et e 26
Limestone ore (See Ferriferous) ...ttt it R
LR 01T SR o =X O 1+ 5
Lincoln ore.................. N Locovss 42- 46
Little Red Block ore. . ..ottt e et e e 7, 64~ 76
Lower Kittanning shale ores. ... ... . oi i i it 163-164
Lower Mercer ore. ..ot iiiiennnan e P 04— 76
M
Mahoning County
Ferriferous ore. ... o i i i e s 161
Hamden ore. ... .ooeeiiiiiiiii it et 164
Lower Kittanning shale ore................ et ans 163
Lower Mercer ore. ... oo i it i it 76
Mineral Ridge field. ... 30- 32
Sharon Blackband ofe ... .. .. i i 20 32
L4715 Y, U3 ) o o O A UG 117
Mahoning Valley -
BOBES OF€. .o i e 64
Medina County
5 R R 110y oY o O SO 26
Meigs County
Big Red shale ore.. ..o i e 218219
Dunkard Series. . vvvueen it e e 223
Mineral components
Brassfield member.. ... i e 12
Ohio shale ferruginous Concretions. ............ovecunmunoiniin.n. 14~ 15
Mineral Ridge field
Sharon Blackband ore........ ... ... .. i . e 20.. 32
RS T R .Y o PRI - 8
MSSISSIPPIAN: SFSEIM. Lottt it i et e irsrceanar e NS 16
Monongahela series. .. ...t e e 220
Morgan County
Big Red shale ore...... ... it 217-21%
DY T L 2 Y A <3 A O 8, 9, 206-211
Chemical analyses .. ...t s 208, 208
Muskingum County
Big Red shale ore..... ... 216-217
Boggs ore... ..ot e 3R~ 64
Ferriferous ore........cooivveiieinoinnenernenns e 161
Hamden ore. . ... e 164
Harmis0m Or€ . o i e e e e 24
Lower Mercer OF€. .. .ottt e et e e KESIE
L 137 . 0 2 = UG 116-117
N
TP - - S T o - A 1
Noble County
Big Red shale ore............... ... ... e e 212-213, 216
NodUlar OT€S. . ..ottt et e ety & 162-163, 169-172
Chemical analvses................ e e 170172
8]
Ohio shale ferruginous cONCretions. ... ...covvvii i an, PER - 15

Ore slate (See Nodular ore)
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})
Pennsylvanian syStent ... ..o oot i 208371
Permian system...... e e 221223
Perry County
Big Red shale ore..... ... i i i 213
Blackband (Upper Freeport coal horizon)........................... 14982145
BogEs Ore. .. e 56~ 5
Buchtel or Bessemer ore....... ... 177
Ferril oS OrC. . i e 157161
Hamden ore............. ... e e e 164
Harrison ore.......... e 2224
Lower Mercer ore. .. .oo.oi i ]
Mountain ore.....oovviii i e 206-207
Sour Apple Ore. .. e 175-176
UPPEr MEICer OT€. ..ottt e i a et 115
Pike County
B arrison D€, . ittt e e e 20
Pike County field
SBAron OF€. . ...t e 30
Portage County .
Harrison ore. ... v 24
Upper Mercer ore........... . e 117
Putmam Hill limestone horizon............. ... .. . it iiiiiinin,... 117
Q
Queenstown shale (See Elkhorn)
R
Red Medina shale (See Elkhorn)
Round Knob shale. ... .. 211212
S
Sand Block 0re. ... e T,oT- &1
Scioto County
Bog@s Ore. .. e 47— 30
CaNArY OT€. ..ttt ettt e e 121-122
Ferriferous ore. ... o e s 134136
Guinea Fowlore.............................. J 37— 34
Harrison OTe. ..o e 12~ 20
LAncoln ore. ..ot 12
Lower Mercer Ore. .. ... c.iririn et e 63— 67
Nodular ore. . ... o 163
Sand Block ore. ..o 7
SO OT€. . ittt e e 35~ 36
Upper MerCer Or€. ... .vu.iuee et et w2 R
Shamn Blackband ore... ..o 22- 32
Chemical amalyses. ... ... ... . i 31, 32
Y 1T 5T oY - 32-36
Shell Ore. . o 7
Siderite ores..... e B |
SHUFIAN SFSLeII. Lttt e e e 10- 13
Snow Fork ore. .. . a9, 172-174
Chemical analyses..... ... .o i e 173
Sour Apple ore.............. .. ... R e a9 175176
Chemical analysis. ... i i e 176
Stark County
Blackband ore (Upper Freeport coal horizon) ... ., ... ...... ... ... 132108
Ferriferous ore.........ooioiiioim e e 161
Hamden ore.... .ot e 164



Lower Kittanning shale ore........... ... iiiiiiieinannnennans 163
Lower MerCer Or€. . ...vurniseeaneneiaene i et aanan 73
U DPEr M EICEr OI€. . v\t en s cr e e ineseae ce e et i oo anaeees 117
Straitsville ore (See Sour Apple)
Summit County

Harrison ore.......c.ooiiiiiiiennnennnsn e e 26
T
Trumbull County
Harrson OF€. .. et it e et e 20— 27
Mineral Ridge field. . ... ... ... i I 1
Sharon Blackband ore........vviiinei i 29
Tuscarawas County
Blackband ore (Upper Freeport coal horizon)....................... 182198
Hamden ore. .. ..oceoviiei i ittt 164
Lower Kittanning shale ore..........coiiiiiiiiiii it 163
LoWer MerCer OTe. . cuvunr it e e e ea et e 75
Mountain Or€. ...ttt i e 206
Nodular orein shale. . ... i e e s 170-172
Upper MerCer Or€ ...ooiiiireear e etan e em e iieanennas 117
(8]
Union Furnace ore (See Boggs)
LS (T3 £ o « < G PO R1-117
Chemlcal analyses. . ... e 23, ¥, 88, 89, 90
Uses of iron ore.......... FR S
v
Vinton County
BOgES Ore. . ottt e e 51- 55
T T OUS O €. ittt et e et et e e m e s et e 147-1585
Guinea Fowl ore. ... oo it e e 39- 41
Hamden ore. ... oo e e 164-165
Harrison ore. ... .. vr e s 22
I T L x -2 R 46
Lower Mercer ore. ... ... . it 71- 73
Sand Block OrE. .. ittt e e e 79- 81
Upper Mercer OTe. .. ittt ettt e 105-113
Zaleski FEDt. oot 120121
W
Washington County
Big Red shale ore..... ...t 213-214, 216
Dunkard Series. . ... vt s 222223
MW aVerlY BIOUD. vt ettt it et e e e 16
Wayne County
| TN . £ o oGO GO 5
Upper Mercer.......... R DU AU 117
v
Yellow Kidney Or€ ... .. i e s 174-175
Chemical amalyses ... v oiiun i et e 175
Z
Zaleski flint Borizom. .o i et e e e 117-121
Chemical analyses .......... oot 120
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