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PREFACE TO SECOND EDITION (NEW SERIES,.

It being necessary to publish a new edition of the Reports
of the Geological Survey, it is thought proper to change the
arrangement of the reports in the several volumes. This is.
advisable in order to bring together in one volume the several
reports relating to a given subject or locality. In the first
edition (second series) the volumes were made up of reports,
regardless of subjects treated, and in order to learn all that
may be published of a locality, the reader must examine sev-
eral volumes. For instance, the reports on the iron ores and.
" the iron manufacture of Greenup, Carter, Boyd, and Lawrence
counties is in volume 1, and the Report on the Geology of the
above named counties is in volume 2. The Chemical Reports
and the reports on the Timbers are scattered through four
volumes. This arrangement of reports could not have been
avoided in the early history of the Survey without a delay
in the publication of the volumes. It is thought that the
arrangement in this edition will more fully meet the wants
of the public, and will render the reports more valuable.

The first volumes of this edition will comprise the fol-
lowing: Chemical Analyses, Reports on the Eastern Coal
Field; Reports on the Western Coal Field; Reports on
Timbers. Other volumes will be published from time to
time, preserving the same order of grouping reports. Some
of the preliminary reports contained in the first edition have
been omitted, in order that there may be no duplication when
the final reports are published. I am of the opinion that
enough preliminary or reconnoissance work has been done
by the Survey, and the work will be directed with a view of
securing (so far as the means will permit) com;.)lete reports.
on the geology, soils, timbers, etc., of the various regions.
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studied. As the stereotyped plates of the omitted prelim-
inary reports are preserved, new editions may be ordered
should there be a demand for them. A change has also been
made in the size of the volume by decreasing the size of the

margin, which, it is thou
convenient size, both for library use and for sending through

the mails.

JOHN R. PROCTER,
State Geologist.

ght, will make the volume a more
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REPORT ON THE GEOLOGY OF GREENUP,
CARTER, AND BOYD COUNTIES, AND
A PART OF LAWRENCE.

The coal measures of Eastern Kentucky are represented, in
the counties included in this report, by rocks which have an
aggregate thickness of about goo feet. These rocks rest on
the sub-carboniferous limestone, or, in its absence, on the lower
carboniferous sandstone and shale, at such an inclination as to
present the whole series, included in this thickness, in an up-
ward order, along any line from the limstone-capped hills west
of Tygert’'s Creek to the Chatterawha or Big Sandy river.
Variations in thickness of the different parts of the series,
and also in the aggregate thickness, are found along different
lines; but the order is generally preserved, with no consider-

“able disturbances to complicate the problems involved in a
study of this part of the coal field.

A brief description of the underlying formations will serve
‘to make the geological position of the coal and iron-bearing
rocks ‘plain, and also to throw some light on the question of
‘the inclination or dip, to which reference has been made.

To facilitate a study of these lower rocks, a profile section
is given, which shows the order of superposition and the
‘thickness of different formations along the located line of the
Lexington and Big Sandy Railroad, from the Licking river to
‘the mouth of Soldier's Fork of Tygert’s Creek. The Upper
Silurian rocks, which cap the hills around Owingsville, and
‘which bear the iron ore deposits of Bath county, fall below the
-drainage at the Licking river. The Devonian black shales
form the base of the hills east of the river. The thickness of
‘these shales is not clearly shown; but the base of the overly-

ing formation, the Waverly sandstone, is about 150 feet above
3
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the bed of the river, which is formed in the limestone of the

jon. The

i les at this poin ) ; !
ziivzr;;a?nstiaresting chigﬂy from the effect which they have 1n
giving character to the topography of the countr})lf. A

The Waverly* sandstones and shale-s, or the i
formation of Mr. Joseph Lesley has a»thl'ckness of. 400 feet In
this section. At Springville, and on Indian .Run_, in Greenug
county, over five hundred feet.of this f.ormatlf)n is shown, an
it is probable that the whole thickness is considerably greater.
The thickness in the eastern part of Montgomery county, 1n
the opposite direction, is given by Mr. Lesley as 330 feet. In
Ohio this formation has been found by Mr. Andrews to have
characters which warrant a division into three parts. South
of the Ohio river, however, such natural diyisions are not so
apparent, the whole series being made up of fine-grained sand-
stones and shales, generally of an olive—greenish color, but
with occasional bands of red and of whitish shales. At the
base, and at various other levels, fine building stone is found,
which has already acquired a wide reputation. Fossils are
abundant in many parts; but the most characteristic impression
is that of a Fucoid, the form of which, resembling somewhat
the cocktail, is readily recognized, and not easily forgotten. 1t
is not found in the coal measures above, and therefore, in the
absence of the sub-carboniferous limestone, it serves to' mark
the transition from the coal-measure to the Waverly rocks, the
line of which is often without other distinctive marks.

Going eastward along Triplet Creek, the Waverly rocks form
the whole height of the hills at Morehead; in Rowan county,
the Devonian shales having fallen below the drainage. The
hills to the east of Morehead are capped by a coarse hard sand-
stone, at the base of which a thin band of cherty limestone is
found in some places. These are the outlying representatives

: ;I have preferred the name Waverly to that of knobstone, for the reason that the latter term’

is likely to lead to confusion from the fact that other formations give rise to a topography equally:

ﬁr n}\:re knobby; as illustrated by the «“knobs” of East Tennessee, in the Lower Silurian, the

p::ﬁcutr;()wsley county in lt)he coal measures, and other instances. The former name is without
appropriateness, but is the one adopted in the Ohio reports, and i i

any perhaps, and therefore has some claim tc}) general use. Ao ke el

4
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of the sub-carboniferous limestone and the conglomerate sand-
stone, both of which have a considerable thickness to the east
and south. The latter becomes particularly conspicuous over
a large area of country. The dip of the rocks is slight from
Licking river eastward; the rise of the bed of the creek
accounting in part for the disappearance of the lower rocks.
East of the divide between Triplet and Tygert’s Creeks, the
base of the limestone is found, at the mouth of Soldier’s Fork,
-only about 75 to 8o feet above drainage; giving a fall of about
320 feet in 24 miles, or nearly 14 feet to the mile along this
line. The dip does not appear to be greater more directly
east or south of east, as may be seen by the height above
tide of the top of the Waverly in section 4, plate No. 2.*
The Waverly sandstone is shown in most of the sections
given west of the divide between Little Sandy river and
Tygert's Creek. The inclination is such that this formation
falls below the Little Sandy, except near the Ohio. At the
mouth of the Little Sandy it rises from 15 to 20 feet above low

#The sections on plates T to 24 are arranged with reference to tide level. Low water at the
mmouth of the Little Sandy river, or 485 feet above the sea, is chosen as the base, and the figures
at the left of the plate reckon up from this level. The locality of each section is indicated by
a number on the map corresponding with the number of the section. A good idea of the posi-
tion and dip of the various rocks in this region may be obtained by a study of these sections in
connection with the map. But to present the main facts in a more ready form, profile sec-
tions are also given, extending across the field in three lines; the first from the Ohio, below
Springville, in Greenup county, to Catlettsburg, in Boyd county. The second, from Kenton
Furnace, in Greenup, to the mouth of the Bear Creek, in Lawrence county. The third, from
Boone Furnace, in Carter county, to Louisa, in Lawrence.

The determination of the height from tide, and also above drainage, has been greatly facil-
itated by the numerous railroad surveys that have been made in this field. Repeated barometric
measurements have, for the most part, supplied the details; the hand-level being used some-
times, and such other means as could be made available.

The abreviations made use of 1n the sections are as follows:

S. S., sandstone.

L. or L. S., limestone.

S., shales,

S. S. S., shaly sandstone.

Cong., conglomerate; Cong. S. S., conglomerate sandstone.
C., coal; C. C., cannel coal.

F. C., fire-clay.

Sections on plates numbered 24 to 30 are not arranged to indicate height above tide. In
.each column the natural succession of rocks is shown. When two sections from different
Tocalities are included in the same perpendicular column, they are joined on some identical coal
or ore; as in sections 5 and 6, on plate 26, where an oblique space indicates the top of one
and the bottom of the other; or where all the rocks of the series, from the base of one to the
top of the other, are not included, the intervening space represents the normal thickness of the
rocks wanting, unless it is otherwise indicated by including lines, or by statement on the plate
to the contrary.

5
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astward than Riverton, where-

water. It is not seen further e

it is exposed at low water.
The limestone formation, wWhi
order of superposition, is wanting
part of Greenup county. Section 25, plate 9, el :
of Little Sandy, shows no trace of limestone. On Coal branch

a few inches of calcareous rock is shown. (.?C(?tl(?n 1, plate
29.) * A thin layer of limestone is found on Smith’s .Branch.
The hills back of the lime-kilns show the .only considerable
development of this formation near the Ohl.(). }Icr('z the_de-
posit reaches a thickness of 35 feet at one point; but it rapidly
falls away in thickness, so that outside of an area of a fe.w
square miles, only a thin cherty rock occurs to represent this
formation ; and often this is entirely wanting in the neighbor-
ing hills. The hill back of Springville shows no limestone.
(Section 3, plate 3.) At the head of Indian Run a cherty bed
several feet in thickness occurs. (Section 1, plate 2.) Frag-
ments of a similar bed, in the valley of Montgomery Creek,
show its extension into Lewis county, where the hills, for some
distance westward from Greenup, are capped by rocks similar
to the outlying rocks of Rowan, as mentioned on a previous
page. Southward the sub-carboniferous limestone increases

hich follows the Waverly in the
or very thin over a large
near the mouth

in thickness from a few feet, at the head of Shultz Creek, to-

140 feet, at a point on Tygert’s Creek near Carter Caves.
(Section 20, plate 6.) On Kenton Furnace lands 10 to 20 feet
is shown. (Section 12, plate 5.) On Boone Furnace lands
from 8o to 100 feet is exposed, and this thickness is repeated
or increased along Tygert’'s Creek southward to the divide
between Tygert’s Creek and Big Sinking Creek. Westward
from Tygert's Creek, this formation rapidly loses its import-
ance. To the eastward, also, it thins out nearly as rapidly.
(Profile sections II and IIL.) A considerable thickness of
limestone is reported, however, in some of the wells drilled in
the Big Sandy valley, near the southern line of Lawrence
county. T.he effect of the thinning out of this formation east-
ward is an increased inclination of the overlying rocks towards.

:he east, and a corresponding limitation of the area in which

AND BOYD COUNTIES, AND A PART OF LAWRENCE, ) &

a given thickness of rock is exposed by the.drainage of the
Little Sandy. The decrease in thickness northward also tends
to increase the inclination of the overlying rocks in that direc-
tion. The fall towards the Ohio river, a little east of north, is
about the same as that of the general surface of the country,
and, in general, the disappearance below drainage of rocks of
the same geological level is along a line running nearly north-
northeast and south-southwest. In the southern part of Car-
ter and Lawrence counties the dip is changed to the north;
the underlying rocks to the southward being elevated or thick-
ened so as to form, with those along the western side of this
field, two sides of a geological basin.*

The top of the Waverly, near Morehead, where the place
of the limestone is shown, is about 1,150 feet above tide. At
the head of Indian Run the height above tide is about 1,000
feet. At the most western outcrop near the Ohio, of the con-
glomerate formation and the thin representative of the sub-
carboniferous limestone, the height would reach 1,050 feet, a
difference of 100 feet in a distance of 30 miles, or an average
fall towards the Ohio river of three and one third feet to the
mile. Besides the general inclination of the top of the Wa-
verly, it is characterized by undulations, which, together with
the varying thickness of the sub-carboniferous limestone, give
to the base of the coal measures an irregularity which is not
only very noticeable, but which sometimes leads to confusion
in the order of the overlying beds. The sub-carboniferous
limestone, when present in considerable thickness, is usually
made up of rocks varying in character from a pure white or
grayish limestone to that which is sandy or ferruginous or
cherty. The former rock makes an excellent quicklime, as
shown by the demand for the products of the lime-kilns on the
Ohio, in Greenup county. At some points a thin bed of what
may prove to be lithographic stone of good quality, has been
noted. At the bridge across Tygert’s Creek, near Olive Hill,
on the old State road, a thickness of eight inches is shown

#*Whether to the east of the Big Sandy, and near the Ohio, the rocks Vdip to th§>§;e§tward,
forming the third side of a great geological basin, has not, so far as I can learn, been fully deter-
mined, but there seems to be strong indications that this is the case.

b4



3 REPORT ON THE GEOLOGY OF GREENUP, CARTER,

near the level of the bridge, and about 25 feet above the base

of the formation. The notion prevails to some extent, thlf.t
silver may be found in these rocks; but any eff'ort to .ﬁnd the
necessarily result in disappointment.

precious metals must : . :
1l the formations in this

This remark applies equally well to a
region.

THE COAL MEASURES.

At the top of the sub-carboniferous limestone, anc'i resting
upon it, is the so-called *limestone ore,” or “lower limestone
ore.” With this ore, which is one of the most valuable in
Eastern Kentucky, the coal and iron-bearing rocks begin;
though, strictly speaking, from its association with the lime-
stone and its limitation to the area of this formation, the ore
itself might perhaps be regarded as belonging to the sub-car-
boniferous period. The character of the ores of this section
are fully discussed by Mr. Moore in his report on the ores of
this part of Kentucky.

The coal-measure rocks of Eastern Kentucky are readily
separated into minor divisions by characteristic rocks at dif-
ferent horizons. What the relation of these natural divisions
is to those which are found in localities widely separated from
this field, is a question that may be left for future considera-
tion; the present purpose being as well subserved by a state-
ment of the facts as they are found in this field. The names
which have come to be used to designate these rocks will be
retained, however, without assuming the equivalency which
they suggest. The conglomerate formation, as described by
Mr. Lesley, is the lowest division, and varies in thickness
from a few feet, as shown near the mouth of Tygert’s Creek,
to 100 feet or more, as exposed on the Big Sink‘ing. It usu-
all}/ occurs as a coarse .ferruginous sandstone; but at various
R R e e
in Greenup and Carter this r(P))ci( is fo a):iers. 'At R 1
upon the sub-carboniferous lime i réstmg T

stone (section 2, plate 3), but

iy
8genera ly it is separated from that rock by shales varying

AND BOYD COUNTIES, AND A PART OF LAWRENCE. 9

in thickness, nowhere in these counties exceeding 30 to 40
feet. These shales, which constitute the sub-conglomerate
member of the series, become thicker and include a number

of important beds of coal, to the southwest. In Greenup and

Carter one thin bed is found. The rocks above the conglom-
erate are more uniform in thickness, as shown by measure-
ments between well-known beds of coal at different points, but
they are also much more varied in character. Shales and
sandstones frequently interchange with each other in such a
way as to greatly disguise the real stratification of this region.
In general terms, the coal measures above the conglomerate
may be said to be made up of, first, a shale formation of from
50 to 100 feet, resting on the conglomerate, a series in which
shales largely predominate, and which include Coal No. 1, and
one or two block ores. (See general section, plate No. 1.)
Second, a sandstone series, or one in which the sandstone
makes up a large part of the whole thickness, or from 240 to
340 feet. This series includes Coals 2, 3, 4, 5, and 6, with two
block ores, and the so-called limestone and limestone kidney
ores. Above, shales again predominate, in a third series of
rocks largely made up of greenish shales, with shaly sandstone,
which have a thickness in Greenup, Carter, and Boyd counties
of go to 120 feet. In some parts of Lawrence this series is
almost entirely wanting, or replaced by coarse sandstone.
Coals 7 and 8 and the kidney ores, with the so-called * bastard
limestone ore,” are included in this formation. Above these
shales, a coarse ferruginous sandstone, sometimes banded with
conglomerate layers, is usually found in varying thickness—
the Mahoning sandstone of Owen and of Lesquereux. This,
with the overlying rocks, which are largely shales and shaly
sandstone, with beds of impure limestone, but which in some
places appear in an almost unbroken series of sandstones,
adds to the coal measures of this section a thickness of nearly
400 feet. Sections 71, plate 19; and 81, plate 21; and sec-
tion 6, plate 25, show a large part of this series, which reaches

to the tops of the hills along the Big Sandy. It includes Coals
E
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9, 10, 11, and 12; the so-called
other ores of less importance.

COALS, ORES, AND FIRE-CLAYS.
at the base of the coal-bearing rocks, a thin coal
is found near the sub-carboniferous limestone, or, in its absence,
near the Waverly sandstone, as at Olive Hill, in Carter, and

Coal Branch, in Greenup, and at other points; and though the
s wanting over a part of Greenup,

Beginning

conglomerate formation i
where this coal is shown, yet it should doubtless be regarded

as a sub-conglomerate coal. As the coals below the conglom-
erate are known to have a considerable development elsewhere,
this bed is left to be numbered with them. It is mentioned in
reports of the old Survey as Coal No. 1 A, being erroneously
regarded as the same bed as that found on Chinn’s Branch,
and at Steam Furnace, &c. (Volume IV, page 410.) The bed
of non-plastic fire-clay, which occurs near this horizon, is also
a sub-conglomerate bed. (See section 2, plate 29, and section
28, plate 8.) Like the coal with which it is sometimes closely
associated, it is often entirely wanting at points where the con-
glomerate sandstone follows the limestone, without an interven-
ing bed of shales of considerable thickness. This is the same
fire-clay as that used at Sciotoville, in Ohio. The value of the
deposit can hardly be estimated at present. It is of fine qual-
ity, and inexhaustible in quantity. An analysis of an average

sample, taken from an exposure at Boone Furnace, shows the
following result:

UPPER PART OF BED.
SRS LT

Aleiadti A 2T idewan liaGRE BB s 1 R S R 48.56
v LRGN SR e R s R ST L 37.471
R R I R e e A S A « + At
o e b T B T Jd12
T TR O A e 0 L e SR R SR R B a trace.
o el PSR i et R R S PP Wy .255
o SR P SR VU R RN e T R O O ST T .289
Aty eapellad stied Bank:. . 15 00T W UL e RN e SN e e 283

Other analyses show a larger per cent. of silica. (See the

last report of Dr. Peter.) Thj b ¢
. @ d

six feet. ) is bed has a thickness

10

of four to
On the place of Mr. Ratcliff, near the lime-kilns, a

’

Rough-and-Ready ore, with:

AND BOYD COUNTIES, AND A PART OF LAWRENCE. I1r

thickness of eight feet is shown, but the additional thickness.
is of poorer quality apparently. The bed is found over nearly
all of that part of Greenup and Carter counties which presents
the rocks of this horizon above drainage. (See sections 1 and
4, plate 2; sections 35, 7, and 8, plate 3; section 9, plate 4; sec-
tion 19, plate 6; and section 25, plate 8, in addition to those
referred to above.) It has also been noted further southward,
along the western outcrop of the coal measures. It is mined
and shipped in large quantities to Cincinnati from the head of
Indian Run, in Greenup. It is reasonable to suppose that this
deposit will in time become one of the important sources of
wealth to this part of Kentucky.

Above the conglomerate sandstone, in the shale series which
follows it in the order of succession, are several ore deposits
of greater or less range, and also a coal bed; which, from its
wide range and its quality, will prove one of the most valuable-
in Eastern Kentucky. In thickness this coalis variable, being,
in some places near the Ohio, too thin to work with profit,
except for local purposes. It appears to be the equivalent of
the Jackson shaft coal in Ohio; and as it is the first coal above
the conglomerate, and the first of any importance in this part
of the coal field, I have designated it Coal No. 1, or the first
in a series which includes all the coals of importance in this
section, including also those above the so-called Mahoning
sandstone. This separation of the sub-conglomerate coals.
from those above, while no division is made on the Mahoning
sandstone, is adopted simply as a matter of convenience.
The sub-conglomerate formation, not having been worked
up, is left to be considered by itself. The rocks above have
been carefully studied, and, as seems most convenient for prac-
tical purposes, the beds are numbered in a continuous series,
without reference to any division into periods, the equivalent
or otherwise of those demonstrated in other parts of the conti-
nent. Coal No. 1 has been opened and worked at a number of
points in Greenup county. Near the foot of the hill back of
Greenup it is 12 to 18 inches thick. Back of Riverton it is.
near the bed of the creek. Eastward from this point it falls.

3 43
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below drainage. (See profile section 1'\0. I:;) ?t Iie;c;:r(;onog;;_
nace it is 30 inches thick. On the Little San .y, 1 wnywith 2
-site Buffalo Furnace, a thickness of three feet is sho O,n e
-clay parting separating it into about' equal pa.rt;. s s

rett's Creek it is about the same thlckn-ess, without p g”
A bed of coal recently opened by Mr. YI’lerce,.near HOPEYVCI

Station, is probably the same coa}. Near \/Vllla-rd, onf 1ltte
Fork, this coal is three and a half feet, with an inch of s at.e
To the eastward from all these places, this
to the west it is found,
in varying thickness, but
Jost western exposure, in

near the bottom. ;
coal soon falls below the drainage;
along with the dip of the formation,

gencrally thinning out towards'its n
the tops of the hills along the line between Greenup and Car-
ter on the one side, and Lewis and Rowan on the other.

The change in the dip of the rocks mentioned on a pre-
vious page, brings this coal above drainage further east-
ward. south of Willard. It is exposed near the head of Dry
Fork. near the bed of the creek. On all the upper branches
of Blaine Creek, and on Little Blaine and George's Creek,
always in shales, and here about 60 to 70 feet above the con-
glomerate, as shown at the mouth of Hood Creek, and along
Blaine for some miles above, where the conglomerate comes
to the surface, as also on Brushy Creek, between Mr. Hol-
brook’s and Mr. Swetnam’s, where the conglomerate rises to a
height of 25 feet above the bed of the creek; on Hood Creek,
where the cliffs reach a height of 8o feet, and on the Laurel
Creeks, where the cliffs of conglomerate reach a height of
120 feet (see section 8, plate 3; sections g and 10, plate 4), and
on Keaton's Creek, where, at one point near the mouth, the
conglomerate rises 20 feet above the bed of the creek, the
coal always occurring at about the same distance above the
conglomerate. The shale series above the conglomerate is
greatly thickened up in this direction, and includes several
bands of calcareous rock and many lozenge-shaped blocks of
calcareous rock imbedded in the shales.

Northward, glong Blaine and Brushy Creeks, Coal No. 1 falls
below the drainage.”” Its furthest exposure northward in the

“ -
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valley of Blaine is at Haw’s Mill, at the junction of Brushy-
Creek with Blaine. At Mr. Graham’s, near the mouth of
Cherokee, it is carried below the bed of the creek by a down-
ward bend of the rocks. Probably the coal shown in the
bed of Irish Creek may be referred to this bed. Eastward,
from Hood and Brushy Creeks, the conglomerate disappears
below the drainage, and Coal No. 1 falls to near the bed of
the main streams. It is opened at several points on George's
Creek, and on Little Blaine. It is not opened immediately on
the Louisa Fork of Sandy, in LLawrence county, that I can learn,
but would be found near low water, probably. At Warfield, on
Tug Fork of Sandy, in Martin county, it is the main coal, and
near high-water mark. At Flat Gap, in Johnson county, this
coal is found in good thickness near the base of the hills. It
is below the drainage in all the country drained by Rockcastle
Creek:and to the northward between the Forks of Sandy.
Southward, from the line of Lawrence and Johnson, the change
of level is slight along the Louisa Fork at least, No. 1 Coal
being near high-water mark at Prestonsburg. It is probable
that the dip to the east, which follows the disappearance of the

- conglomerate sandstone eastward from Hood Creek, will be

found to continue in the belt of country to the southward, along

Louisa Fork.
In thickness, Coal No. 1 varies in different sections; but
so far as developed, it has a local uniformity which promises
to make mining easy and profitable at these points when it
reaches a workable thickness. Openings already made show
15 inches near the Ohio; three feet at the Hanna bank; about
the same thickness on Barrett’s Creek; three and one half
feet near Willard, on Little Fork, and on Dry Fork, about three
feet on Deer Creek west of Willard in the Little Sandy valley,
two to three feet on the head waters of the Blaine, and on.
George’s Creek, and at Warfield five feet. At all these points,.
except the Hanna bank, it is without any considerable parting.
At some points it has no underlying fire-clay. (See plate VIL).
" This coal is no exception to the general rule as to variation.
in quality at different points. It ranks with the best coals,
13.
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nalyses by Prof. Peter and Mr.

: i m a
er. as will be seen fro : :
i en at two points, which show

3 tak
Talbutt, of average samples ¥ !
the range in quality in Carter and Lawrence counties. Two

samples carefully averaged* from Little Fork, near Willard,

show the following results:

haxd, 1.269
BEARRE @EACHY = RS R N S S lp e A D e 3.50 3.60
AR RS R I e SRR IR R R s L §n 35.40
Volatile combustible matter . . . . . . . « - St BT SERTIY §7.30 §7.60
FiRal Comlboll i« s’ 20 wria sl n, b wl el Sy S T 2.90 3-40
SR ek B i e SRR TR Ty T e R o g 1.148 1.108

Suiphur . . . . . :

Sample from Mr. Swetnam’s coal, on Brushy Creek, gives a
otill better result. The ash is doubtless too low. Near the
Ohio river this coal is less reliable in quality than in Carter

" %A remark on the method of collecting Snmplcs. of C():l].\'. for 5\11;11)\1\' is made necessary by
the seeming excess of ash and of sulphur, which will be nnucc.‘r-I. in some C()?lf_lzs. knu;vn to :xc o]fl
superior quality, and of which analyses have been made on a different plan of samp n;g. n ';
instances, the aim has been to secure an average of tl_lc wh_o_lc thickness of the bed to be
represented, or of different parts of the bed, including all impurities that would not be separated
from the coal in the ordinary process of mining. When pracn_cul»lc, this has been repeated, at
different points in the same mine, to average as nearly as possible the vanations that are found
at different points in the same entry. Unless this is fully understood, the rFslllt of comparison
with the analyses of coals of other States will be an unfavorable impression of the quality of
the coals of Kentucky, while in reality they do not suffer by comparison. Analyses of the best
coals from neighboring States, collected in the same way, are given by way of comparison. It
is taken for granted that practical men desire to know the average quality of coal as it goes to
market in bulk, rathér than to know how pure it can be made to appear on paper; and though
in attempting to obtain samples to this end, there is a likelihood of giving too large a per cent-
age of impurities from the increased proportion found in that part which becomes slack by
exposure, and is eliminated to some extent by handling, and also from local variations; yet this
average carefully made is more likely to be near the true representation than samples as
ordinarily taken. The analyses of the coals of Eastern Kentucky were made from average
samples, taken by Mr. Moore or myself, unless otherwise stated, as also were the analyses of
* coals from other States, which are introduced by way of comparison.
The following table shows how imperfectly a single block of coal represents the whole bed :

No. 6. Turkey-pen Hollow.| No. 7. Pritchard’s coal.

Average. |Single block.{ Average. |Single block.

Moisture

............ .40 ' 3 .

Volatile combustible matter . . . . 33.;0 > 3:.;(0) 32.;2 3;?3
I;;;ed earbol ' . . L, ST 55.40 59.04 52.52 56.40
~ 1 oL St B R 8.90 1.90 9.38 2.00
PR 2 i e o <y L 1,23 .983 2.306 571

The difference shown in the proportion of ash and i
; h s of sulphur is such as should be ed
:‘1’ eany be? o}:’e consxderable'thlckne‘ss. When an attempt ig made to selects x\o;l)lock t;:{)?:m

rage of the whole bed, in quality, the difference would be less perhaps; but aside from the

impossibility of selecting i 3 £ % .
<ol 't hestyspeci; :’C‘s’nsnzn ti\;erage sample in this way, the personal bias is alwa{s on the side

; result of comparison with 1
oy P : ; ps a sample carefully taken from the
-, ace of the bed-would, in ‘nearly every instance, be very much like that shown in the

‘14
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and Lawrence. The following is the result of an analysis of
Mr. Swetnam’s coal:

Specific gravity . . . .

B IO FLAVITY roit i et a il o L R o T o e i e mah e e o b BN 1.281
LR e R IR B SRR S e S R R O S 5.10
feOlale’ chmbusHbIe TaltEe ¥ mer e Comng o W IR e g e LI e 35.30
A carbons i S e i s g e L e 5;.80
O T i DL PO R ANl R 1.80
1 DT P SR S T AR | o S P A AT R T A R N B 0.73

An analysis, by Dr. Peter and Mr. Talbutt, of a sample col-
lected by myself at Jackson, Ohio, at a point in the Star Fur-
nace mine where the coal was regarded by the superintendent
of the mine as equal in quality to any in that region, gives the
following result:

SR liciamavity S UL Ui S I e e L R L Ak T R s b 1.361
T A S s S A L e L SN i o T ) 4.54
ENvlatiic combhstible -mattet o) o T b i A i R e e g et 29.68
BaEseiTan o L G R S T s e S G e R SR e 58.86
Skl i R S By i S S S S e SR o LG R RS L 8.72
ST AT g RO R P St T Ay img et AT AR ki e St hene g 0.756

The Jackson shaft coal has already acquired considerable
reputation as an iron-making coal. In Kentucky no trial has
been made of this coal for this purpose. Steps have been
taken towards the mining of this coal near Willard, and I un-
-derstand that it will be used for iron-making. The Warfield
-and Prestonsburg coals appear to be fully an average in qual-
ity, while considerably increased in thickness. This coal is not
‘mentioned in the old report on Greenup and Carter.

Coal No. 2 is of less importance in this field than Coal No. 1,
being less trustworthy, both in thickness and in quality.” It is
‘present, however, over a wide range of country, and on Ever-
man’s and Barrett’s Creeks (Kibby’s, Jones’s, and Lewis’s
-coal), in Carter county, it is found in workable thickness and
-of very good quality. This coal has been opened on a small
branch back of Riverton (see section 4, plate 27), where it
'showed a thickness of two and one half feet at the outcrop, but
'soon disappeared on account of a slide of the rocks, and no
further effort was made to ascertain the value of the bed. On
Ulin’s Branch, twenty-five feet above the bed of the branch, a
thickness of two and one half feet is shown in two parts, sepa-
rated by seven inches of clay, and immediately under a thick-
bedded sandstone. This coal is spoken of as Coal No. 1 A,

x5
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e IV, page 410). but is not the equiv-

i first reports (volum
. 3 ; al, and of the others.

alent of the Chinn’s B@nch bituminous coO

enumerated as belonging to No. 1 A. :
Mr. Moore reports two beds between Coals 1 and 3, at Rac-

coon, Buffalo, and Iaurel Furnaces. The same occurs 'at Irc')n
Hills Furnace. The upper bed being thin, and’!lmlte’(.] in
range, I have thought best to call it Coal -2A. .lhe Kibby
coal, on Everman’s Creek, is 28 inches thick, without part-
ing. The opening by Mr. Elwood, on Everman’s Creek, shows
about two feet of coal. The entry of Dr. Jones, on Stand Branch
of Barrett's Creek, presents a forty-three inch face, including
six inches parting. On Mr. Lewis’s place it is about the
same. This coal has not been traced continuously southward
across Carter and to the east, along the northward dip in Law-
rence: but it has been noted at a number of points as a stain,
or, where better exposed to view, as a thin coal. At Peach
Orchard it is about two feet thick, and is known as the Barn
Branch coal. The following is an analysis of the Kibby coal,
which appears to be an average in that section:

SpECIBCIEERVILY 5/ % o ‘shm b ion GIEL TG B 5575 i L (e fe e T e, iel e i end 1.289
T B T R o o T e e R e OISRy o i 4.10
Volatile'combustible matter (e 000 TR ¢ Ve aiie v s O TR Tef S TR 34.60
 OF 2T ) Rt e o SR e e sl S E e L R oot R (R R e 55.25
707 Y ML R U T ke Oy A (N S e o e R A DI A B O e S ! 4.775
L T S R o e M e e L e e N e LS AT S Ty i it o P 1.414

The place of Coal No. 3 is generally well defined in Green-
up and Carter, and in a part of Lawrence. It is found above
drainage in a small portion of Boyd. It is the Coal No. 1 A
of M. Lesquereux, as mentioned on Indian Creek, Chinn’s
Branch (Chinch Branch of his report), near old Steam Furnace,
at Caroline Furnace, Hamer’s coal at Amanda Furnace, on
Bush Creek, and near the bed of Williams’ Creek below Buena
Vista Furnace. But to the westward it is higher up than the
?oal referred to No. 1 A. At Raccoon and Buffalo Furnaces it
is sometimes called the Top-hill coal. (See sections 21 and 22,
plate 7, and section 26, plate 8.) It is more commonly known
?.s.the Turkey Lick coal. Eastward from the localities named
it is lower down than the coals referred to-1 A by M. Lesque-

:fux, falling below drainage east of Hood’s Creek and Little
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Hood. (Section 50, plate 14; section 353, plate 15.) On the
former stream it is shown near the bed of the creek for some
miles above Bellefont Furnace. In the greater part of Carter
it has about the same eastward dip, being near the bed of the
creek at Mt. Savage Furnace (section 37, plate 10), and well
up in the hill on Wolf Creek, and in the hills on Barrett's.
Creek, and on the Sinking Creeks. In the latter places it is a
cannel coal, as appears from observations made in that section:
both by Mr. Moore and by myself. (Section 32, plate g9; sec-
tions 23 and 24, plate 7.) In Lawrence it follows the change
in dip which has been noticed, being near the bed of Blaine
at the ford near Mr. I'. Carter’s (section 10, plate 28), and
about 180 feet above the bed of Brushy Creek at Mr. Hol-
brook’s.

McHenry's coal, six miles south of Louisa, and the main
Peach Orchard coal, which are referred to this bed, are 170
and 200 feet, respectively, above the bed of Big Sandy. (Sec-
tions 86 and 87, plate 23.) A coal imperfectly opened one
half mile below the mouth of Rockcastle Creek, and 175 feet
above Tug Fork, is probably the same bed. At Louisa it is
probably from 6o to 70 feet below the bed of the river. In
Greenup and Carter a block ore is generally found 30 to 35
feet above. In Lawrence this ore is not exposed; probably it
might be found in the western part of the county. The rocks
below Coal 3 to Coal 1 are variable in thickness. Between
Coals 2 and 3 a block ore is sometimes found. These rocks
are variable in character also, as will be seen from the sec-
tions given. The rocks above, for nearly 200 feet, are variable
in character, but preserve a uniformity in thickness that is in
marked contrast with those below; and this fact comes to-
have a very considerable importance from the facility which it
secures in the tracing of beds both of coal and of ore. This.
will be seen as the beds above are taken up in this order;
and the identification of Coal 3 will be made more certain, in
most of this field, from its relation to overlying beds.

In thickness, Coal No. 3 varies with the different localities..
At Raccoon, Buffalo, and Laurel Furnaces, it is pretty uniform-
r
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ly three feet. At Pennsylvania Furnace it rea.ches five feet,
with two partings. At Bellefont Furnace 1t 1s about three

feet, with a thin parting. At Hunnewell (old (;vre.enup Fur-
nace), it is two and a half feet. At Mt. Savagc.lt is not f-ull.y
opened, but is probably thin. On Wolf Creek, in Carter, it is
said to be three feet. On Blaine it is generally three feet.
At Peach Orchard it is six feet, including three thin partings.
McHenry's bank shows four feet four inches, including two
thin partings. On plate III this coal is shown, as found.at a
number of points, with its immediate surroundings. It will be
seen at once how unreliable an identification would be, based
on resemblances, either in appearance or in details of the bed.
The same is shown on other coals, in fewer representations on
the same plate. Nor is the quality of the coal a satisfactory
evidence of equivalency, as will be seen from the following
table of analyses of Coal 3 by Dr. Peter and Mr. Talbutt:

En A - a4
) £ 2 3] E
= = el i 4
oS k2R o B4 AW
o= = B = = = ]
Raccoon, Greenup . < v o v o . s %335 4.54 35.58 49.7
)| . . o5 35.5¢ .79 10.0§ 3.77
Buffalo, Greenup . . . . . . .. 1.385 2.80 34.98 49 .44 12.50 4.279
Laurel, (xre.cm{p ......... 1.289 4.10 34.96 55.54 5.40 1.590
Pennsylvania Furnace, Greenup . .| 1.300 3.20 36.60 53.14 7.06 2.264
Mclleynry's. Lawrence .. L0 0, 1.316 4.60 35.70 53.28 6.42 1.080
Boggs’ bank, Lawrence. . . . . . 1.317 2.50 | 38.78| s3.10 5.57 2.466
Holbrook’s, Lawrence . . . . . . 1.349 2.10 | 33.90| 356.00 8.00 6.736
Peach Orchard, Lawrence. . . . .|. . . . 3.24 | 36.56 | 54.95 ;l 2 118
%[:mcr Farm, near Grayson, Carter .| 1.389 E;.oo 36.20 4:;: 24 . ;() I ; }8?
unnewell, Greenup. . . . . , . 1.333 3.20 2.90 53.80 10.10 |.b43

I?art of the variation shown by this table is doubtless owing
to imperfect opening of some of the coals, which have been
mined only along the outcrop, and which therefore show, to
some extent, the effects of the broken and displaced surrou,nd-
ing rocks.

Coal Nc{. 4 is less persistent than the previous. It is a can-
nel coal, with accompanying bituminous parts and is found 35to
40 feet above Coal No. 3, or just above the block ore mention-

ed in connection wi i
e ith that coal, though that ore is commonly
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-wanting where Coal No. 4 has any considerable development.
It is the Coal 1 B of Mr. Lesquereux, as described on the land
of the Maysville Oil Company, and on Indian Creek, and
around Greenup Furnace, now known as Hunnewell Furnace.
It is traced eastward in Greenup and Boyd to Hood Creek
(section 50, plate 14), though not opened to show either the
thickness or the character of the coal. It is probable that only
the bituminous part is present in this direction, though in the
bed of Mile Branch, near Star Furnace, as shown by section g,
plate 29, by Mr. Moore, a considerable development of cannel
coal is found. The cannel coal of Stinson Creek, and on the
McGuire place, in Carter county, may be referred to this bed;
though Mr. Moore, who has given more special attention to
this part of the field, regards it as uncertain whether it is the
equivalent of the Hunnewell cannel, or of the cannel coals of
Barrett’'s Creek and the Sinking Creeks, which are referred
to Coal No. 3. Coal No. 4 has not been found in Lawrence
county, though at a number of points a bituminous slate occurs
so nearly in its horizon that it might be regarded as its repre-
sentative in this direction; section 5, plate 27, and section g,
plate 29, with section 33, plate 10, and section 41, plate 12,
show the place of Coal No. 4, and its relation to other beds
where it is present. The cannel coal of this bed is well known
in the market as the Hunnewell cannel coal.

Coal No. 5 is from 30 to 50 feet higher up. It has its
greatest development in Carter and /La\vrence counties, where
it is known as the Pennington coal, and the Cooksie Fork coal.
It is mined at Buena Vista Furnace, in’ Boyd cdunty, at a point
a little way east of the furnace on Straight Creek. It is here
-considerably divided up by thin partings'at/‘the top of the bed,
but shows a thickness of 38 to 40 inches of coal\‘of good qual-
ity. On Brush Creek, it is shown with a blue ore, immediately
above, in a thin bed of shales, which separates it from a thick
sandstone above. It is also exposed, though not opened, close
to the furnace. (Section 61, plate 14.) On East Fork, near
‘Mr. Calvin’s, it is exposed in the bank of the creek at the

‘bridge. (Section 7, plate 25.) And at many points along the
19
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xington and Big Sandy Railroad, this

coal is shown near the grade. (Sections 54 and 56,'plateh15;
and sections 57, 58, and 59, plate 16.) But few openings have
been made to show its thickness and value. As shown in some

of the railroad cuts, it is not thick enough to work to advantage.

It is probable that Coal No. 5 might be found at some points
ounty, as it is shown to be

in the eastern parts of Greenup col R
present at Old Kentucky Steam Furnace, l.)y a well marke
coal stain (section 34, plate 10), but no openings of note have
been made. In Carter and Lawrence counties this bed is great-
ly increased . in thickness. Little has been done, however, to
determine the real value of the bed. Section 39, plate 11;
section 66, plate 18, show its position in the series. Plate 31
(Coal 5) shows the thickness and surroundings at several
points chosen to illustrate the general character of the bed,
where it has a considerable thickness. The place of Coal No.
5 is from 30 to 40 feet below the so-called limestone ore, where
that is present. The horizontal range of the two beds seems
to be about the same, though their boundaries do not coincide.
The quality of Coal No. 5 has not been fully determined
from the difficulty of obtaining average samples; the bed not
being worked, except at Buena Vista Furnace, where the fol-
lowing result was obtained by Dr. Peter and Mr. Talbutt:

eastern division of the Le

Sl om e sy ST A e R S SR S I (U S AR R S S 1.360
T EAIERe TR T e W I gy, PRl O e e
Volatile combustible matter

Fixed carbon . . £, . «! .. . ;;8)
BRSSO QA T e G N L R G iR T e 11.5)
BIDhET = . T, v o LS K. S N R e e R e B T 1.999

The per cent. of ash is largely increased by including the
upper thin layers, which might be rejected ; the slaty portions
of the bed interfere with the profitable mining of this coal, as
shown by such openings as have been already made.

Coal No. 6 is found from 15 to 20 feet above the limestone
ore. It is the Coal No. 1 B of Mr. Lesquereux, as reported
near Catlettsburg, on Horse Branch, and on Catlett's Creek
and Coal _No. 2, as described at Amanda Furnace and at Ash:
land. It is known as the Keys’ Creek or the River Hill coal.

P : o ’
aoroﬁle section No. 1 shows the position of this coal along the
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Ohio. It has its greatest development in Boyd county, where
it is mined at many points for local use and for shipment.
Section 81, plate 22 ; section 77, plate 18; sections 61 and 62,
plate 17; section 57, plate 16; sections 53 and 54, plate 15;
'sections 49, 51, 52, plate 14; and sections 1, 3, 4, 5,.and 7,
plate 25, give a good notion of the coal in Boyd. Detailed
sections, plate 31, give the thickness and surroundings of this
bed.

In Greenup this coal is shown at many points, but is less
reliable both in thickness and quality. It occurs, but is not
opened, at Old Steam Furnace. (Section 34, plate 10.) At
Hunnewell Furnace it has been opened at several points. In
Carter county the bed has still less development, though it
is readily traced along with the outcrop of the limestone ore
and the overlying ore. It is shown at Mt. Savage. (Section
45, plate 13, and in sections given in Mr. Moore’s report.)
At Willard it is shown in a railroad cut, and at a number of
points west and south. (Section 1, plate 26, shows the place
of Coal No. 6 on Little Fork, a short distance westward from
Willard.) In Lawrence county this coal has been noted at sev-
-eral points, but it has been worked only at Louisa, along the
Big Sandy river, near high-water mark. (Section 10, plate 28.)
It is little more than two feet thick where opened at this point.
The quality of Coal No. 6 is good, and even superior in some
localities, especially in Boyd county, where it has its greatest
thickness.

The following table is made up from analyses, by Dr. Peter
and Mr. Talbutt, of average samples from Boyd county:

Specific | Moisture. | Volatile | Fixed car- Ash. Sulphur.
gravity. combustible bon.
maftter.
Turkey-pen Hollow . 1.359 3.40 32.30 55.40 8.90 1.230
Keys’ Creek .. 0 .. 1.279 2.904 32.50 56.70 7.74 1.972
Horse Branch . . . 1.315 2.70 36.70 52.60 8.00 1711
Amanda Furnace . . 1.335 4.04 33.60 53-34 9.00 1.318

Plate VII shows the variable character of this bed and its

-surroundings.
21
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Coal No. 7 is normally from 40 to 45 feet al.Jove Coal Not.h6,_
and 20 to 25 feet above the so-called y.ellow kidney ore, ox:rhf
«plack vein,” as it is known by miners in some 1(7)'ca11tlc;§. ES
is Coal No. 2 of the old report, as observed at Kilgore’s. Itis

as the Coalton coal, having been extensively

now widely known ;
4 ber of points

mined originally at Coalton, as it is now at a nu.m .
on the eastern division of the Lexington and Big Sandy. Rail-
road, and also at Willard, on the Eastern Kcnt.ucky Ranlx:oad.
This coal has already acquired a wide reputation as an iron-
making coal. Its western outcrop is along the eastern border
of Greenup county, and across Carter, a few miles \'vest of
Mt. Savage Furnace; and thence along the line of hills east
of Little Fork and of Little Sandy. The low hills of the
«Flat Woods”’ country do not include this coal, there being
very little eastward dip across this belt, and the hills being
barely high enough to include the limestone ore. From a lit-
tle east of Ashland Coal No. 7 rapidly falls to the base of the
hills that skirt the Big Sandy. (See first profile section.)
The thickening of the sandstone above Coal No. 6, near the
Big Sandy, on Keys’ and Catlett’s Creeks, is accompanied by a
corresponding decrease in the thickness of Coal No. 7, and the
distance between the coals is increased to 55 feet or more, the
sandstone entirely replacing the shales below, and even the
coal itself in places. At Catlettsburg it is shown as a stain
evidently of a thin coal, about 60 feet above Coal No. 6, which
is opened below high-water. (Section 81, plate 22.) Near
the mouth of Chadwick’s Creek, however, it has a thickness of
three feet without partings. It was formerly worked at Clinton.
Furnace, about 40 feet above the bed of the creek. (Coal No.
1 C, of first reports.) It is opened near Cannonsburg in sev-
eral places, and it shows a good thickness in the road from
Cannonsburg to Coalton, near the tunnel. Along the railroad
southward to Rush Station it is from 8o to 100 feet above

grade. (Sections 57, 58, and 59, plate 16.) On East Fork, at

the mouth of Old Trace, it is from 40 to 50 feet above the bed
of the Fork. A coal that appears to be the same is shown in

:}:e bed of Ellington’s Bear Creek, near the school-house and
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church. At the school-house, above 7. Kouns's, it is in the
bed of East Fork. On Four-mile Creek it is opened at 7.
McBrayer's. Further southward it is below the waters of
‘East Fork. It is found on all the Buena Vista lands, rising
towards the tops of the hills on the west side. (Section 31,
plate 14.)

On the Hunnewell side of the divide between the waters of
East Fork and of the Little Sandy, Coal No. 7 is too high up
to be profitably mined at present. Its place is shown by a
stain in the road leading down from the ridge to Cannel
Branch of Cane Creek, and at the head of Cane Creek it is.
opened. (Section 36, plate 10.) It is present in most of
the Mount Savage Furnace lands, following the eastern dip,
which brings it below drainage on the East Fork side of the
main ridge. (Section 27, plate 8; section 65, plate 18.) (See
also sections in Mr. Moore’s report.) At Willard Coal No.
7 is about go feet above Dry Fork, rising rapidly to the tops
of the hills westward and southward, from near the mouth of
Caney Fork, where it is lowest; while northward it rises less.
abruptly, and to the eastward it rises slightly for some distance,
probably to the divide between Lost Fork and East Fork. In
Lawrence county Coal No. 7 is below drainage along the north-
ern part, and it has not been opened, except near Louisa (section
2, plate 28), and perhaps on the farm of Mr. Burchett, on Muddy
Branch of Blaine, where a coal not readily distinguished from
Coal No. 8 has been mined for local use. In the southeast part
of Lawrence county the coals above Coal No. 3 have not been
fully identified, the work not being completed in this section,
partly from a want of time, and partly from the fact that in this
direction changes in the character of the rocks occur, which
make it desirable to study this section in connection with the
adjoining counties to the south and southwest. The thickness
of Coal No. 7, where it has been identified, is from three and
a half to six feet, in two or three parts of about two feet each;

 the upper part disappearing when the bed is less than six feet.

The partings are remarkably regular, and have a thickness

of from one to three inches each. The Big Sandy valley fur-
23
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nishes an exception to the general character of the bed as
found elsewhere. Plate 31 shows the general character of the
bed at some of those points where it is best known. Coal
No. 7 is more widely known as an iron-making coal than any

other bed in Eastern Kentucky, being used without coking

with marked success. Mr. Moore has discussed the metallur-

gical qualities of this coal in his report.

Above Coal No. 7 from 20 to 30 feet is the red kidney ore,
as it is commonly designated. This ore and the ore below,
generally accompany this coal. From 40 to 55 feet above
Coal No. 7 is Coal No. 8, the bed next below the Mahoning
sandstone of Owen. It has its best development apparently
.on Garner Creek. It is commonly known, however, as the
Hatcher coal. It is present in a field very nearly coinciding
with that of Coal No. 7 in its western outcrop, but it is found
above drainage over a large territory to the eastward, being
above the bed of most of the main creeks. On East Fork,
from the mouth of Jack’s Fork to near Mr. Webb’s; on Bolt's
‘I"ork‘ an.d on Long Branch of Blaine, it is below drainage. It
is sometimes wanting entirely in parts of this field. At Coal-
Fon 1t. was opened, and showed, as reported, between three and
four fch. ()n. Garner Creek, and near the head of Lost Fork,
?\iai\l\:_hl\,l\%gl)’b{tgSlcl)(;wls(‘;;arllr);rfﬁur fet:F[of C(‘)le without parting.
the bed of the ‘c’rcek ;nhsuch ‘t"a'co'd'.l I')mt Cz““fd- s
B S i : (S;tr-dtlggip 11@:;11 rc])nttons as to be
Big Sandy it is seen.at'a nun(lz}l?n fa‘ P_]*‘te SRR s
o Rk Mt ber o ‘.pOll.]tS. al)(?ve and below

g er n the West Virginia side it is mined at a num-
.bcr of points above the mouth of Bear Creek:; and the open-
ings along I'ug Fork, near Louisa appear t ,] i is :
Coal No. 8 is generally inferior iny 1'll'( O Ve ’thls i
‘has therefore been o ened in b R e s
Boyd R g }()i 5 in uF few places.
ik ks ‘and ;jso kiitlsntard hmestolxlle ore’ occurs about
. >4 idney ores still above. Gene
however, an impure yellowish limestone follows Coal Noc.rg,“:t:'

as i
hort distance above, succeeded by a coarse san

gyt ; dstone or a
g rate sandstone. Section 60, pl . i
i » plate 16; sections 62,

In a part of
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63, plate 17; sections 69, 71, plate 19, also furnish examples
of this. See also sections on plates 26, 28, and 30.

Coal No. 9 is from 40 to 50 feet higher. It is not worked
except for local use, but it is present over such an extent of
country as to entitle it to a place in the list of coals of this
region. It is opened at Mr. William Davis’s, on East Fork, in
the hill opposite the mouth of Garner Creek. It shows at the
head of Lost Fork and of Bell’s Trace, near Willard ; is seen
occasionally eastward, on the waters of Cat Fork of Blaine.
Sections 69 and 71, plate 19; section 3, plate 30; section 8,
plate 26; and section 4, plate 28, show this coal.

Coal No. 10 is known over less territory, and is opened in
only one place, so far as I can learn, though ‘a coal stain has
been noted at a number of points, showing that it is more than
a local deposit. On Cannel or Rock-house Branch of Jordan’s
Fork, where it is opened, it is a cannel coal of good quality, two
and a half feet in thickness, immediately under a calcareous
rock, the second fossiliferous limestone. (See section No. 1.)

Coal No. 11 is also little known, and opened only at one
point near Col. Bolt's, on East Fork. (Section 8, plate 28.)
It is known as Bolt's coal, and has a thickness of three and a
half feet. It is about 40 feet above the second fossil lime-
stone. (See general section, plate 1.)

Still another coal is shown near the top of the hills between
the Falls of Blaine and Louisa, but little is known of its thick-
ness or value.

Having given an account of the coals, and incidentally of
the ores that occur in this part of Eastern Kentucky, and such
an account of their range as is shown by openings already
made. it seems desirable to present the whole subject in such
a way as to give the number of coals and of ores that are
likely to occur in each considerable valley, and to point out as
well as may be the place of each bed. This will place, in the
most available form, the facts, which it is the purpose of the
survey to collect, at the disposal of those who are most imme-
diately interested, viz: the owners of the land. At the same

time the geology of this field may be presented more in detail
=3



26 REPORT ON THE GEOLOGY OF GREENUP, CARTER,

the student, and for those who are interested in mineral

for
If there were no considerable variations in

lands generally.
the rock beds as they extend across the country, and as they

appear in the series from the base upwards, there would be
little need of a more detailed account than has already been
given. But the changes which occur in the rocks of the same
geological level—changes which affect the distribution of the
coals and ores—make it impossible to represent by sections and
general statements the range of beds so distinctly as to pre-
sent the facts in the most useful form for each locality. In the
sections which accompany this report (excepting the profile
sections), it is intended to present such features only as have
been seen, though there might be good reason for supposing
that other features, known to hold a somewhat constant rela-
tion to those observed, were covered by the soil which hides a
largé proportion of the rocks of most hills. In offering sug-
gestions as to what may reasonably be expected to occur in a
particular valley or hill, it is necessary to go beyond this, and
to consider the probability of the occurrence of beds known to
be present elsewhere at the same geological level. It will be
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& ores may be found. The thickness or value
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of the beds may, to some extent, be inferred from its character,
where known; but only actual working of the bed can fully
determine such questions. But while in general a good deal
of useless expenditure, both of time and money, would be
saved by such directions as will be given here, it is possible
that local beds of great value may have been overlooked in so
rapid a survey as it has been necessary to make of this large
field.*

The general section (plate 1) presents, in one view, all of
the most important beds of coal and of iron ore, as also of
limestone and of fire-clay, as they occur in different parts

“of this field. The profile sections show most of these beds

with their probable range, east and west. From these sec-
tions it is easy to determine, in a general way, what geologicall
horizons are included in the hills along the different belts of
country from west to east. Ior instance, profile section No. Il
shows that it would be useless to look for Coal No. 6, or the
ferriferous limestone and ore just below it, west of the Little:
Sandy river, along this line, and that it would be equally use-
less to look for Coal No. 1 above the drainage, for any con-
siderable distance east of the Little Sandy. The reasons for-
this are sufficiently apparent from the section itself. Profile
sections 1, 1I, and I1I, together with those sections which are
based on tide-level, complete this general representation of
the range of beds in this field. It remains to call attention to-
geological features of different localities as they
{ distribution of the coals and iron ores.

o the map, the prominent

the special
affect the question o

For convenience ofs reference t
streams will be used to indicate locality.

On Indian Run the Waverly formation rises to a height of
about 300 feetabovelow water in the Ohio. Neither coal, nor
ore in paying quantity, will be found in it. Some compensa-
tion for this is found in the building stone that occurs in the-
Waverly formation, and in the nearness to river transportat'ion.
A few feet above the top of the Waverly, as marked by a flinty-

#Observations which come within the range of the report covera territor
than 1,000 square miles in extent. &

y something ‘more-
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bed of rock, occurs the bed of non-plastic fire-clay, which is
shown at many points along the western part of the coal field.
A general description of this bed has been given on a previ-
ous page. Below this bed, and at the top of the flinty rock,
there are slight indications of the lower *‘limestone ore.” As
this cherty rock is doubtless the representative of the sub-car-
boniferous limestone, it is not unlikely that the ore which rests
upon that formation may extend to this part of the field; but
the indications do not warrant the assertion that it would be
found in paying quantities at this point. About 40 feet above
the fire-clay Coal No. 1 occurs, as shown in a well near the top
of the hill. The Ziznness of this coal at this point will make it
available for local use only. All of these beds rise towards
the west, and to the eastward would be found lower down.
The average dip to the eastward is about 45 feet per mile
from the head of Indian Run. The character of the rocks
between the fire-clay and Coal No. 1 is imperfectly shown,
but from what is known of the rocks of this horizon, it may
be assumed that no other beds of considerable value oceur
in this section.

\V.hitc Oak Creek heads back of Springville, the river hills
ff)rn.ung.onc side of the White Oak valley. The river hills at
Springville show a continuous section of Waverly rock to near
the top. (Section 3, plate 3-) The fire-clay bed is found cov-
ered by no more than ten feet of rock and soil. The dip of
the rocks to the ?ast\vzxrcl brings this bed lower in the hill
lt(())\‘:::d ;};tﬁ igfiirt tsh((:rﬁcek \]/fllley. so that, though the hills are
RN e Su{ﬁcien‘t Jle{idy to“;ards th.e mouth of.\'Vhite
No. 1 Coal. Seuthward azr(;lsess g Ove’rlymg b

3 s the White Oak vall X~
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» by a change from greenish

t ark shale or to a coarse
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grey sandstone. The readiest way to find this bed is to meas-
ure upward from the Waverly the normal distance, as shown
in sections given, nearest the point where it is desired to
develop them. Some variations in thickness will be found,
but these variations will be readily detected and indications
of the beds found when they are present.

The exceptional dip mentioned in this region deserves a
passing notice. In general the rocks of a given geological
level rise towards the south, as noticed before, but the eleva-
tion* of the Waverly rocks, as shown in the hills back of Spring-
ville, presents a marked exception to the general rule, and this
exception continues eastward to the river hills above the lime-
kilns. The top of the Waverly at the lime-kilns is fully 100
feet higher than at Bennett’s Mills. (Section o, plate 4, and
section 17, plate 6.) The top of the Waverly again rises to
the southward, from Bennett's Mills. It will be seen by refer-
ence to the map that this region of southward dip is included
in the bend of the Ohio river. It has its limit on the south,
near a line which might be drawn from near the mouth of
Smith’s Branch, to a point a few miles south of Indian Run,
including most of the Shultz Creek valley. Probably the dip
is not uniform over the area included in these boundaries.

The hills which form the valley of Shultz Creek rise to the
height of from 350 to 450 feet above the creek. The follow-
ing section of the hill, on the south side of the valley, near the
mouth of the creek, shows an ore which may have more than

a local distribution:

t
Fapratanilabove creslesoio S it o Tansd i il sl be 3 Ba @I o 4;;;) f?‘e
ot o SR U LR S e B el LN I EaN S il . 2T
TR b L B S A e S R e A L MR R S o Sgaros
gt S L e iR A G5 A L R ST S S R SRS R P R ¥ PRty i e
Conglomerate sandstone . . . « . . . RNz e TR SR SE ; . 2
Shale 000 R a e e Viie gl R s el B 3
Clharty Boestonese LA s Luphiratlors e o w el gle wiaE s »

Waverly sandstone and shale . . . o o o o o o o o 000 e e e e

in dip is i { an upheaval of the Waverly-
it that the change in dip is in consequence o f Vaverl
1'4:;(:!(1:«':t rl:t}?;:bte}‘}:):: ofaa thfckening of those rocks. Mr. Andrews has remarked inequalitics in

the surface of the Waverly formation of Ohio, which would give rise to nearly as great a.

chang inclinati Waverly. But in the region in question the overly-
i Tof:]?sf ::S};n:::gr;fnzi I;ugﬁ(f&&tg; of the %Vﬂverly in stratification, and the ocl:‘cn;rence
o‘:'gslight faults, such as noted near the mouth of Linn Branch, tend to make probable the former

explanation. 4
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On the Plum Fork side, on the place of Judge Fullerton, this
ore is shown, and also another, 30 feet higher up—the well-
known lower block ore of this belt of country.

Top of hill.

GHVerediBIope’s i st n Al iR R o e B kil R S Rerint Sl S e X S e 15 feet,
Block ore. ’

Coveredrspace 2. il S E N ST T NS g ceitie, et i) ek w e 6 e RIS Sue Tl g0’ %
Block ore shown in well.

SITRRBI k. £ e R T Ve ke e e e ) w o e Wia b hile e S L k.

Conglomerate sandstone.

The fire-clay is wanting on the south side of the valley,
where the conglomerate sandstone has a considerable devel-
opment. On the opposite side the conglomerate is not so
prominent, and the fire-clay is said to be present. Near the
head of the valley the following section is shown on the right
hand side:

Top of hill above creck at Mr. Aldrich’s

e R RS . A S U el S R Tl S T hpppe
Rlodiows (Tower Blogkl) v i ¥ T e R ailgis
Co¥ered spaces:, ‘i Lerg D00 T

Lunmtone, cherty st o = ol 0 n g ST 0 e R R A (g 3 «
Waverly sandstone and shale to bed of CI‘L:CI\: ............. 282 ::

The fire-clay would probably be found all along the ridge.
c?oa] No. 1 has not been opened in this region, but it would
oubtless be found, wherever the hills are high enough to in-

clude it, in sufficient thickness to supply local de
conglomerate sandstone
sandstone simply.

: mands. The
v 1n“th;s region is a coarse ferruginous
1s well shown at Mr. F : re i
g?rms an escarpment around the hill, ta\ll\lldr'alt ltliizrltl(:;s‘(:‘tihl(;:rt
i;iviogl::mh'i‘ where a small cave is formed by the overhang-
p:)mine\nt. 3 ;)]lvzttr'ds. ‘the heac'] of the valley this rock is less
s Cou,mr aP;t Is not noticed as affecting the topography
e y- um Fork valley is nearly the center of the
Q basin formed by the uplift that has been described.
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At the mouth of Brushy Creek the coal measures begin at
about 150 feet above the bottom land of Tygert’s Creek val-
ley. At the New Hampshire Furnace it is also about 150 feet
above the creek; the dip to the eastward being about the
same as the fall of the stream. The lower limestone ore is
found towards the head of the valley ; its limit eastward is not
clearly made out, but it is not likely to occur in paying quan-
tity near the main Tygert Creek valley. The following sec-
tion, together with section 11, plate 4, and section 41, plate 12,
indicates what ores are likely to be found in this valley:

Top of hill north of furnace.

Cloverbd slopes 22T o i Ui S RO A L S T S S e 15 feet.
Block ore. 3

(B AR ke S el e P S R TR R IO U S G IO S R N {0 A
Limestone ore.

Waverly o hearth of furnaces « L ¢ e s o' vloieie s o isiw o e silaaiet . 1005

No coal is shown. It is likely, however, that a thin coal
would be found a short distance below the lower block ore.
The limestone ore is not present throughout, but it is mined
at many points for Kenton Furnace. The fire-clay bed was
not seen in this valley, but there are no geological features
that would lead to the conclusion that it is not present.

The hills near the head of Big White Oak Creek are high
enough to include the lower block ore only; towards the mouth
of the creek the hills include more of the carboniferous rocks.
Section 12, plate 4, and section 2, plate 29, and sections given
in the report of Mr. Moore, show the position of the ores of
this valley. It will be noticed that in Powder-mill Hollow the
fire-clay is shown between the limestone (sub. carb.) and the
coarse sandstone (cong. S. S.) above, while at the Shover drift,
where the sandstone is considerably increased in thickness, it
is entirely wanting. Coal No. 1 is from one to two feet in
thickness, and is mined for local use on the Kenton Furnace
Jands. It is valuable for blacksmithing purposes. An analysis
made by Dr. Peter and Mr. Talbutt, from sample taken from
stock pile, shows the following properties:

MOIStHES. & oo sl%e 5l ie! o TN VE TS sk AD R Sl EREFEP S iR RATs - p1 < etve 4.82
Volatile combustible matter. . . « « « « ¢« o « o o s o o s & s s oo o o oo . 32.90
Fivetl carboni 3t N> & o8 b3 MR ¥ o RIS N R0e S RIRGEE R vl Ja s 6% e/ge W 55.18
DRI o o e e g € e aR el sk ke A SR e s e e S oS L 7.10

AT AR TR AR S L O AP B SR X e s AR AL e 1.407
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The coal opened at Thompson’s bank appears to be lower
than Coal No. 1, though it is doubtless above the fire-clay, and
may be found to be the equivalent, in this locality, of No. 1.
The section at Thompson's bank is interesting as showing a
band of somewhat silicious limestone, which has been noted at
a number of points, and which is probably the equivalent of
the Putnam Hill limestone of the corresponding belt of coun-
try in Ohio.

Top of high point.

Foverer slapie ' & 0 bl S e S B T A R T S Rt e 40  feet.
Blue silicious limestone . . . . . R T U e e e LR . 2 L
Covered (sandstone and shales) . . . . . . . . i g ] A B AR A 95 "

Rough block ore.

Siialesswith santiatone gt fop o St SN cDSEs Bt il ot 8 i 15 o
Block ore (lower block).

Shales mostly . . . AT IR A G R L e : 30 9
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Shales, including fire-clay . . . . . . . . . 200«
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Waverly to bed of White Oak Creek,about . . 175 %

...... .« . 75

The thickening of the limestone, as shown southward from
B'rushy Creek, continues across the heads of Little White Oak,
Big Lost, and Leatherwood Creeks. Few openings have been
lea(le on these creeks. The sections given onhthv. Kenton
I‘urnace. lands would doubtless be foundba sufficient ;flli(i(‘ for
cglevslopmg; tllm ore of the region drained by th(fs:j crc‘eks.
Section 18, plate 6, near the m i o ek, s
only the limestone ore; but the (l)llilltl: ;)ri* I‘i]iihl‘(*mt Crrluj\" SI]IO:S
all the ores shown in the sections nea; Coat P

3 . : ;
el esturen, The, sy o™ beyond the general geclog
B M W 8 o1 e Boone Furnace lands, to-
ge Ith those referred to in the preceding paragraph, will
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“Top of hill.
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Block ore.
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To the westward only the limestone ore is left, as in section
7, plate B, at Old Orchard drift. In this section a thin coal is
shown, which is a sub-conglomerate coal, as indicated by its
position. An instructive feature is shown at one point, where
the coal is abruptly replaced by a coarse sandstone. The
accompanying cut, which represents this feature, will serve to
explain what may be expected to occur in other beds, both of
coal and of ore.

a. Shaly sandstone.

4. Coal with clay parting.

¢. Fire-clay, non-plastic.

4. Dark shales, with nodules of iron ore.
e. Coarse S. S., showing cross-bedding.

The interruption of a bed by the interposition of deposits of
sandstone or of other rock, has frequently proved an annoying
feature in mining. Generally the interruption may be regarded
as a local feature, limited to a narrow belt, along which the
character of the deposit was modified by local currents. Some-
times, as reported in the mines of the Maysville Oil Company,
near Riverton and Greenup, a thickness of only a few feet of
rock is interposed, and the bed continues with slight interrup-

tion. Coal No. 1 is not shown in the valley of Grassy Creek,

. so far as I can learn. There appears to be no special geolog-

:cal reason for the absence of this bed, and it is likely that it
will be found at its proper level. Southward from Boone Fur-
nace the limestone formation continues to increase in thick-
ness, and also the conglomerate becomes more prominent, and
y on the limestone, cutting out both

This is the case at Sel-
33

rests in places immediatel
the fire-clay and the limestone ore.
(L. 1.—3



34 REPORT ON THE GEOLOGY OF GREENUP, CARTER,

lard’s Bank, on the waters of Buffalo Creek, opposite Boone
Furnace. At the roadside, about 400 yards above Mr. Frail-
er’s, on Grassy, below the furnace, a highly fossiliferous band
of sandstone is found in fragments which have fallen from the
cliff above. At no other point have fossils been discovered in
this Waverly rock in so great numbers both in individuals and
species. The Waverly formation in this region is less shaly
than near the Ohio, and would furnish superior building stone
at a number of levels.

3uffalo Creek drains a country very much like that drained
by Grassy Creek, which is one of its main branches. There is
greater thickness of limestone and of conglomerate, as shown
in section 14, plate D, and in a section on Smith's Branch
(report of Mr. Moore), which gives the following thickness:

Top of hill.

Covered slope . 6
............................. 50 feet.

Block ore,

COVEred space. o0 o i TS s o) Je e i 60 %

Conglomerate sandstones o5l S ol AR Suits e b S i e 0

Lhmestone are.: Wt a0t S Col i AR INE LS B AN o e e :

LaAnestone xSt Ao e R “

Wnhe - e R 2 e S 105

The thickening of these formations is strongly marked in
the topography of the country. The effect which it has on
the distribution of the ores, which are shown in the section at
Kenton and Boone, is not clearly made out; but the rocks
above': the thickened conglomerate masses appear to be identi-
c.al with those which rise above the thin conglomerate forma-
tion at these places, and it is probable that the block ores
which follow in those rocks, with the coal sometimes included
are the beds that will be found in the tops of the hills in this’
yalley._ Towards the mouth of the creek the hills may include
beds higher up, the dip of the rocks to the eastward wivin
a greater thickness of the rocks of the coal measures ’ Th%
%Tology of Cave Branch is similar to that of the head (')f Buf-
_gf)dCreek. The wel.l—known Carter Caves and the Natural

ridges are formed in the limestone near the bed of the

branch, or about seventy-five feet above Tygert's Creek; the

conglomerate rises qo fe i
5 90 feet above the limestone, and the hills,
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reaching only a moderate height, are capped by the shale
series above the conglomerate; the highest probably includ-
ing rocks as high as Coal No. 2, though no trace of the bed
has been found in this locality. The limestone ore is doubt-
less present over some of this territory, though at some points
the conglomerate is observed to rest immediately on the lime-
stone ore, as in section 20, plate 6. The topography which
arises from the rocks shown by this section adds very much to
the picturesqueness of the scenery around the caves.

Smoky Creek and Trough Camp Creek cut through the
same formation as Cave Branch and the head of Buffalo. A
section, as shown in the road between Trough Camp and
Smoky Creeks, gives the position of the limestone and the
limestone ore :

Sandstcne, with shale at base.

Limestone ore.

LmietonedSuiedghy’) S5 &R VAT SEE SIS TR S o T i G b v en bt 150 feet,
Waverly to bed ‘of creek. (Trough Camp). . o' o s ¢ oo s alie o s o s & why e = 7 35498

The hills here include 100 to 150 feet of the rocks above
the conglomerate, or to the place of Coal No. 2. (See gen-
eral section.) :

The section at Olive Hill (section 15, plate 5), and section 8,
plate 3, and section 4, plate 2, with section of east side of
Garvin’s Hill, Mr. Moore’s report, gives a good notion of the
economic geology of the country drained by the forks of
Tygert's Creek. Towards the head of North Fork and of
Soldier’s Fork, the coal measures are carried near to the tops
of the hills, as in all the valleys of the main creeks west of
Tygert's Creek. Very little has been done to open the ore or
coal beds in this region. On Garvin’s Hill several ores have
been imperfectly opened, and near Olive Hill the sub-con-
glomerate coal is worked for local use. The hills east of the
Tygert's Creek valley, and nearly opposite the mouth of Sol-
-dier’s Fork, show the following section:

Divide between Tygert’s Creek and Big Sinking.

Cavered slOpe. .. ol ol o e S S 0 el e ooy Rije. @ jose e 50 feet.
Coal thickness not shown.

-Coarse sandstone and covered space . . . . « « + . . . SRR S e N, SN 604
Limestone (sub-carb.) . . . < . ¢ . s v 0 o v 0 s SE R ar o Ry bl a ) P g 60 %
YWaverly to bed of creek. .. vi/u 67 v ieis o o e e el el e e S Fp X wiw e el
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The coal shown is above the conglomerate, and is probably
Coal No. 1. Both the limestone and the conglomerate are
less prominent than at Olive Hill, or than farther south. To
_the westward, from a line starting at Boone Furnace, touching
Olive Hill, and extending to Big Falls Branch of Big Sinking,
both formations rapidly lose their importance. This is well
shown along the old Lexington and Big Sandy Turnpike. At
the bridge below Olive Hill go feet of limestone is shown, and
a considerable thickness of conglomerate sandstone. On the
west side of Garvin’s Hill only 25 feet of the former, and 10
to 15 feet of the latter, is found. This will explain the occur-
rence of the coal-measure rocks above the conglomerate, west
of the waters of Tygert's Creek, along the border of Rowan
and Lewis counties. It will be noticed that Tygert's Creek
flows along the line of the greatest thickness of the limestone
and conglomerate, fed almost exclusively by branches from the
west, wh.lch have cut their way through these formations, and
have their beds in the Waverly rocks. The branches from the
:3;23(‘;? ziligofls;ligiofziwfrapidL}f across the slightly upturned
e fczt I‘Ofmlt e coal-measure rgcks above.
along the eastern side of t(})l t’Il‘evsc la'tter rocks Wil he St
the bend in which is situatedetl }%_ert i C“rccl‘( valley, down iy
R c.)f t}:e ron Hl]l.s l‘urnacc. pr.opcrty.
A C[;n : e)creek, with the th.mnmg out
rocks above a thickness of gmomcr?te Sandst()”‘:» i
higher hills. A section of tho.re :man gas leet 10 soine Sl
e high hill, to the south of Iron

Hills Furnace, about t :
shows the following : wo miles (known as “Potato Hill ),

Top of hill.

;,'(I)\'ercd slope. . . .

AR O S Potato FIi cvniooy e S e e e e e e e e e

ot Sl(()pe <. .o. 1ill ore,’ s ae ettt e e Sants Sl UGS 40 feet.
AT R S R SRR AR RV IS o Rl : 05 %

Covered space . , .
(Toal,thickness not shown.. !
Sandstone and shales .
e e e AT N BsRel L ALY A
Covered to limestone, about
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Section 19, plate 6, and the following of Smith’s Hill, and
on Tygert’s Creek, one mile south of furnace, show the geo-
logical position of most of the beds of this region.

; SMITH’S HILL.
Top of hili

CoverclSlonetaIR L S LU e e e el sl el e iy e e e 4 e 40 feet.

Block ore (*“Crown ore.””)

Shalesand sandstone . . . « + « « « « ¢ o o o o o o U4 1 R S i -

Block ore (*German ore.”)

e e L R R WSS SR B S S S S R TR R . mougR e

Lambert ore.

U g L e e N S e S e S R SRCRCE s R L
TYGERT'S CREEK, ONE MILE ABOVE FURNACE.

Block ore.

A e e R RN O N R e TR B 71 L W PR A 5 feet,

“Coarse sandstone (Cong. S. S e A e RO L B SO &5

(o b N e S O S ST SR SR S S S ORI T SR B ok SR I TR T i L Ty e

Ore.

G S e Mo o SO sl cl s R e A e e g See s e i Tedle i a, e Phigs

“ Blue ore.” .

e o n ey = A L LR R e e S et e g sliei e e 1 s 3843 me

“Waverly formation.

Coal No. 1 is opened in the hill back of the furnace, show-
ing only about a foot of good coal. Some of the beds of ore
are local, as will be seen by comparison with sections at the
nearest furnaces, as also by comparison of one section with
another, as the Lambert ore section and the section one mile
south of furnaces. The Lambert ore shows a thickening
which makes it the most important bed in this locality. The
coals shown in the section of Potato Hill are Nos. 2 and 2 A.
No. 3 Coal would probably be found from 30 to 40 feet below
the *Potato Hill” ore, though no stain has been observed,
showing its exact position or its‘extension to this part of the
field.

Further to the north the thickness of the coal-bearing rocks,
in the hills forming the east side of Tygert's Creek valley.
varies from 200 feet to 300 feet, including, with some local
variations, the beds shown in the general sections above the
conglomerate formation. The conglomerate sandstone and
the limestone are present in reduced thickness for some dis-
tance northward of the Iron Hills region. On Hood Run the
limestone is reported by Mr. Moore; thickness not fully deter-

mined. No limestone is shown on Rock Lick Branch, above
37
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Liberty. Section 17, plate 6, near Bennett’s Mills, shows no-

limestone. In the former place a coarse sandstone probably
represents the conglomerate, and the coarse sandstone shown:
in section 17 may be the same, giving the thin coal the place
of No. 1 rather than of the sub-conglomerate coal of other
localities. Section 7, plate 4, near the Ohio, includes less of
the coal-measure rocks, for reasons which have been given.
Coal No. 1 would probably be found here as a thin bed. The
limestone ore is shown on Mr. Ratcliff’s place; but as no at-
tempt has been made to develop the ores in this section, no
very definite information has been obtained as to the extent
of the deposit. The presence of the sub-carboniferous lime-
stone is of itself a sufficient reason, however, for presuming
that the ore is not wanting in this region.

The branches which empty into the Ohio between the
mouth of Tygert’s Creek and the Little Sandy river are

comparatively short. They all rise in the coal-bearing rocks.

and flow down, across the edge of the rocks of that formation,
and out to the river, in the Waverly sandstone and shale.
The river hills here appear to be more barren of both coal and
ore than the hills of the same geological level farther back.
Whet.her this is really true, to the extent that appears from
what is now known, may be regarded as doubtful. Section 25
pl'ate G., shows most of the face of the hill at the mouth oaf‘
Little Sandy river, without indication of either coal or ore
abo.ve Coal No. 2, which is thin, as shown here. But it is not
unlikely that Coal No. 3 would be found at th'e roper level
here 3:nd in all the hills that include the rocks of Fhisllevel
that rise 300 feet above the line which marks the t~o f'tlor
Waverly, the limestone being mostl ab';e‘t d phi gl
glomerate formation having orﬁ a sli i 'the i
T y a slight representation along
of the hills, bet i
o et :;efglatcvtiic}]irgzch and S.rmth’s Branch, appear
quently rises above Coal No. 3.

I 3
n the profile section, the block ore is represented as falling

The band of coarse sandstone shown in the tops.
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usually wanting where this thick sandstone is present. Vol. 4,
page 373, report of 1861, mentions this sandstone on Whet-
stone Creek, near Mr. Steward’s, but it is there mistaken for
the Mahoning sandstone. The coal just below was therefore
wrongly referred.  This is doubtless Coal No. 3, as numbered
in this report, and not the equivalent of the Stinson Hill can-
nel. The thin coal at the base of section 23, near the mouth
of Little Sandy, is referred to the sub-conglomerate series,
as well as the Coal Branch Coal near Mr. Richards’ house.
The reason for this is seen from its relation to the non-plastic
fire-clay bed, which is clearly a sub-conglomerate bed. In this
region, therefore, the sub-conglomerate shales unite with the
shales above the conglomerate, to form one series, having a
thickness of nearly 60 feet. At many points, however, a coarse
ferruginous sandstone marks the line of separation, as near
the head of Coal Branch, where the coarse sandstone, which
forms a large rock house, becomes locally prominent. Smith'’s
Branch and Gray’s Branch have nearly the same geological
features as Coal Branch, except that the rise of the top of the
Waverly reduces the thickness of the coal-bearing rocks in
that direction, as shown by profile section No. 1.
Comparatively little has been done to develop the mineral
resources of Whetstone Creek, and the same may be said,
with some qualifications, of Allcorn Creek. On Whetstone
Creek several coal beds were formerly opened near Mr. Stew-
ard’s, as described by M. Lesquereux. They are doubtless
Nos. 1, 2, and 3, as numbered in this report. The ores of
this region will be readily found from their relation to these
coals, as shown in the sections on Raccoon Creek, where the
Jocation of the Raccoon Furnace has led to the development
of the ores more especially, but where the coals are also open-
ed sufficiently to show the geological position of the beds and
their relations to the ore. Sections 21, plate 7, shows the
height above drainage of some of these beds. From the base
of the section to the Waverly formation is probably not more
than ten to fifteen feet, as I am informed by Mr. Moore, who

has given more especial attention to this region. This would
39
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place the coal in the bed of the creek® nearly in the position
of the Coal Branch coal, which is referred to the sub-con-
glomerate formation. The absence of the fire-clay bed and
other well-known evidences of position in the series, makes
this somewhat doubtful, however, and its relation to the beds
above make it more probable that it is No. 1 Coal.

Sections at different points, as given in report of Mr. Moore,
show the relative positions of the beds found in this section,
nearly as follows:

‘Sandstone, near top of hill opposite furnace . . . . . . . . . . .. 5to 10 feet
IShuleso s s acs Nl R e RS SR . e “w
Block ore (main block). LR AT
Sandstone mostly . . P A B o Y e
Coal No. 3, intwoparts. . . . . i 3; -

Sandstone with shales at top and bollo;n oS &
Hearth rock . . . @ Selte Jal W IFE NN 70

Thin coal and shales (No. 2 A). . . . . . . . . : z p

,,.(;rc‘\, ey b i by Mt At b Mg 2 “

Sandstone and shale . ., . .

valiiNe ‘2) 8 uiet oo s o i e ’ : 4 “

‘Shales and sandstone , . . ; SERSIIC I Ae o “

g oo s OERCRNE et i Y SRR S R R Sk T B0 30 i

S e ) < iy

Coal in bed of creek abov mace . RLART B el e % "

okl abtr : e: fl'lllf’lce e SR T PRI T R 236 %
. 10 pe

hThe grey ore is a local bed, and would not be found over
; elwholle area in question. The second coal has been mined
or local use here, and would probably extend into the other

; :
valleys. Coal No. 3 and the main block ore are constant, and

would be~ found wherever the hills include the rocks of thi
:]edvel, or formda line considerably to the west of Raccgox(; I*FL::‘S
ace, eastward, over the whole reo;j i on; :
i?pposition that the coals near tﬁ:zo?);i]io(l};eligt(l)cf?’ixfht(;ll;gll:ntehsi
a A :
Son)lfep;oo\;zttsl"uii. ﬁ“Iel(lle s,a.lrlldstlone ;%b(,)ve the main block ore, at
kA el b vutdl plant impressions, representatives
i 11 a‘n of the Cz.llamitcs principally. The
o a;nd Otlllaesr, ;leotmfce)riomts,{lblundant representa-
1S. A thin coal is also in-

*This bed has b
about one foot, as

€en recently opened

» and about thirty in

¢ exposed by the creek. T : ches of coal is sk skl ¢
Talbutt, is of this coal - Y the creek. The following ang]yeic 15 shown, instead of
Specific gravity .l%.CCTJl: g analysis, made by Dr. Peter and Mr.

%}o:sture s o L 1 L e S Al e
LR EoMBRStEE o ha o TR R % PSS AT i R e
l;i:;led carbon, _l_e.mattex .......... e s e L 4.10
TR R e A L R 0 S RN A e T S
SRUERIINE |« o005 "t sl 00 T S R e B e R + . 49.60
IR L R R S O TR 34 A e LR
(45 AR RRG IR B .668
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<cluded at one point where the plant impressions are most
-abundant.

The section in the valley of Clay Lick Creek is similar to
that at Raccoon Furnace. There is, however, a marked dif-
ference in the whole thickness of the corresponding rocks,
especially on the south side and near the Little Sandy. Sec-
tion 26, plate G, shows this. A general section of this region
would include a coal (thickness not fairly shown) 7o feet below
‘Coal No. 3, and a local bed of ore is shown near the furnace,
50 feet above the «“ Lower Block ore.”

A general section for this region is as follows:

Covered slope.

SRR AR Aok Y L0 T S e e el B0s s eiin ey 2 5 feet.
T T RV S A e HA R L S B B T T M BRI SR LN S 358t
~«Top-hill” or main block ore.

Sandstoneand shale . . . . « . « ¢ ¢ o ¢ o SAcwIE o Bty S SR et SERY S qii
ST IR R e KT e s palls Rl i s A TR A G n R B T e
Sandstone andshale, . . . . . ¢« ¢ ¢ . 00 . .. 0 (el e S SR ST b e
Rough block ore.

Sandstoneand shales . . . . . « « + + ¢ o o o PETUE S R R 40
Coal No. 2 A; thickness not shown.

Sl et shales 1L 000 G ilgriviR s Sel alid@el o fe oils. wiler/sps e 6 e
“Grey ore; local so far as known.

Bhales and SEAASIONE & 4v i & 1o A7 peiWJe s oile s fo Yo o™ o aelar pa i ol e o coifte e im0 SO s
Lower block ore. e

AT o A S WA o SNV B N < e KRR O R S Sl R PR B R Ky
‘Coal No. 1 in bed of creek helow furnace.

A greater variation from this general section will be found
than in the valley of Raccoon Creek.

The valley of Old Town Creek shows a continuation, with
some variations, of the geological features already described
in this belt of country. The North Fork has its bed in the
base of the coal-bearing rocks for nearly its whole length; but

as the fall of the stream is less than the dip of the rock, the

sub-carboniferous limestone is exposed near the head of this

fork, with the limestone ore and the bed of non-plastic fire-
clay. The ore is not shown in its usual thickness, as expc’)sed
where the limestone is quarried for use at the furnaces. The
fire-clay appears at its usual thickness and in i.ts usual-place at
the base of the coal measure, as in the following section:

Fire-clay, not seen directly over thie HITestoOn€, . ke reie (o o wite sl s e s 4 to lg fe“el.
Shales, in'ub:ll)ly RO AR WE £V (Y ¥ ) Wy 8 b e S e N b by ¢ o gt

Coal stain. i
R R N R e R R S e R o
Greenish, irrcgulz\rly-l)cddmi limestone. L AR e i e A R Re a0 &
Grevilimesiones- [ on v T beria e Hee el s ERR £ Wl G KR St b ST £

Waverly.
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Section 22, plate 7, near Laurel Furnace, with the general
section for Buffalo Furnace, gives a good notion of the
economic geology of both forks of Old Town Creek. Some
openings on North Fork, at various points, show nearly all the
constant beds, as given in the general sections for Buffalo Fur-
nace, with the addition of clay-stone ore, as exposed in dark
shales near the bed of the creek below the Buffalo Furnace
road—a local deposit in the dark shales just above the lime-
stone. At a point a little way up the creek a coarse sandstone
occupies the same level. This is probably the representative
of the conglomerate sandstone. The sandstone above the
l?\ver block ore is characterized by a profusion of plant impres-
sions similar to those noted above the main block at Raccoon
Furnace. The ore of the Buck Smith’s bank is the upper or

main block ore. Coal No. 3 is not opened, but would doubt--

!ess be found at the usual distance below this ore. Coal No 1
is not shown to be present in any considerable thickness above
the fork of the creek. Near the Little Sandy it is present in
workable thickness, as shown at the Hanna bank, just below the
mouth of Old Town Creek. It would be found, if present, above
the bed of North Fork, for the greater part of its lcn‘orth as
also for some distance on the main creek. \/Vh;;t theh e);’lCt
place of the bed is has not been satisfactorily made out T‘he
lower block ore would probably offer the best indicatiov; of its

lo?atlon by its quite constant occurrence 40 to 50 feet ab

this bed. Near Laurel Furnace the ec R eioi sl
shown by section 22.
than the ores;

onomic geology is well
iy Le?s hals1 been done to develop the coals
' S 1s true for all this belt of countr § ’
naces being constructed originally for charcoal an)cll' a piks?

g X
1

n abund-

with those already given, Willven by Mr. Moore in his report,

Mivehieds too ot : seem to indicate the place of
oped. gether with such local beds as have been devel-
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Lost Creek flows for the greater part of its course in a.
coarse sandstone—the conglomerate sandstone, which shows
at the base of section 22. As the geological features of this
valley differ little from those of Old Town Creek, the geo-
logical section for that valley would doubtless be repeated
here with such variations as usually occur within a limited field.
The same is true of Crane Creek, which is separated from
Lost Creek by a narrow ridge only. Near the mouth of Lost
Creek the conglomerate sandstone rises in cliffs which are
characteristic of this formation.

On Everman’s Creek the conglomerate sandstone is promi-
nent at many points as a coarse ferruginous sandstone, which
will be recognized at once, and can be made serviceable in-
making out the equivalency of the beds in the hills above. At
some points this formation is entirely wanting, or so changed
in character as not to be recognized. The sub-conglomerate
shales are present, however, as shown by the occurrence of
the fire-clay bed, as exposed above the forks of the creek on
the Middle Branch, where six feet of non-plastic clay, of fine
quality throughout, is shown near the bed of the creek. The
top of the limestone appears at a short distance from this ex-
posure at the same level, showing that the fire-clay is separated’
from the sub-carboniferous rocks by only a few feet of rock.
Section 28, plate 8, gives the general arrangement of the
rocks in the lower part of the hills. Nearly the same order is
shown at Mr. Kibby’s and at Elwood’s opening of Coal No. 2
on Barrett's Creek. These, with the ““Potato Hill " section
on Tygert's Creek, already given, and following section from.
the observations of Mr. Moore, furnish a key to the economic
geology of this region:

STEWART SECTION.

Clay shales.

Stewart ore (main block).

BIODE o o- ot b e oy smnite e by ata e o gt s B A 65 feet. .
Block ore. A
R T R U, A B ST e F e T T 165

Thin coal. e
Slope (shales) . . . . . ARG r Mt (LR R T K sl S ashn e B s st 45 ”
Conglomerate sandstone « « « « o « « = ¢ ¢« ° o A BT AT M 3(6) %
Non-p]asticﬁre~clay...............-............ v
Covered (shales) . . . . . + « S e S RS S S e IR R ]
Limestone. 43:
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Coal No. 3 would doubtless be found a short distance below
the main block ore, or about 240 feet above the conglomerate
sandstone, over all this region. The thickness and value of
the bed of coal can be determined only by trial. It is prob-
able that it will be found in workable thickness, as at other
points along this belt of country.

The valley of Barrett's Creek presents geological features
which are easily comparable to those of Everman’s Creek, yet
changes are introduced which give to it a geology in some
respects peculiar to itself. The absence or slight development
of. conglomerate sandstone is notable in the topography of
this region, and this becomes an interesting feature when it is
remembered that only a little way to the south the conglomer-
a.tc? becomes much more prominent than on Everman's Creek,
rising in cliffs from 8o feet to 100 feet high. The question
arises whether the absence of the greater part of the con-
glomerate formation in this valley is real or apparent. At
first thought it seems incredible that a f i et {
thickness should almost entirely di 5 Orma_tlo.“ o 'feet i
of three miles, and th’;t it—I ;re )lllc v Wlth'm i
little further ()1‘1' and t(h" T b'ecome i

; an is might easily lead to the supposition
that the change is in the character of th i i
e rock rather than in

the disappearance of the formation.

This suppositi
most natural from t} R e

" iy 1(11 changes known to occur at many points
_ e coal mea: i ; i
sures, in the rocks of a given geo-

logical s - .
“f@re tllfgccl(-)n 113;:1 111 the instance 'ill question, and generally
the thickness ogf tl ir?te Sar%dst(')ne Is wanting, it is found that
the underlyi;m- Shl(l‘ ormation is reduced to the thickness of
Greenup. Inbth‘e 2bes e Honoh CHAl
sub-conglomerate s} Slence i the.non_p]aStiC fire-clay bed, the
tinguishz;ble from :1112 :l?azll;: :1()):)‘ . Suf]l—l i R
that I can | : : : ve: his bed is not exposed,
stone of theezi:;:)‘-(lzz ;he .valley of Barrett’s Creek. 'l‘heI lime-
I horwomferous }')eljiod rises above drainage in
is present in sc; ever, and it is probable that the fire-clay
me parts of the valley, and that the lower

member of th
<A 40 s N x
44 glomerate formation has some thickness

s —
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over the greater part of this region, as it is usually present,
unless cut out by the thickened conglomerate sandstone. It

"is evident, however, that the rocks which properly follow the

conglomerate formation in the order of superposition, begin at
no considerable distance from the limestone, as shown by the
position of Coal No. 1 and the overlying beds.

Mr. Andrews reports in Ohio a number of isolated patches
of conglomerate of considerable thickness, which thin out in
all directions, until no trace is left of the formation, showing
an inequality much greater than is found in this field. With
respect to the overlying rocks, however, the instances men-
tioned in Ohio do not furnish an exact parallel; for, in this
section, the order of the beds above is generally preserved,

"notwithstanding the inequalities of the top of the conglomer-

ate sandstone. Coal No. 1,-so far as known, is in no instance
interrupted by the thickening of the conglomerate; nor does
the thickness of the shales below Coal No. 1 appear to be
increased by the disappearance of the conglomerate, beyond
what follows from the union with the shales below. The gen-
eral section of this region does not, therefore, necessarily differ
materially from that of Everman'’s Creek, or from that of the
Sinking Creeks, as regards the rocks above the conglomerate.
Section 23, plate 7 (above Bull's Eye Spring), shows three
coals and the main block ore. A comparison of this section
with the sections on Everman's Creek shows little variation in
the whole thickness of the rocks included to the main block
ore. )

Coal No. 3 is here a cannel coal, or part cannel; but this
fact does not present any serious objections to the reference
of this bed to Coal No. 3, which is usually a bituminous coal.
Instances of a change of the whole or a part of a bed from the
one to the other are not uncommon, as will be seen from a

statement further on of the number of coals known to be,

wholly or in part,cannel at some point or points. A section at

Bull's Eye Spring shows a block ore 20 feet to 25 feet above the
limestone, followed by shales mostly, to a block ore 4o feet

higher up. A coal stain is shown still above. At Mr. Lewis’s.
45-
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-and on Stand Branch, Coal No. 2 is about go feet above the
-drainage, and about three feet thick. The identification of
these coals is not so perfect as might be wished. 1 have re-
ferred them to Coal No. 2 as the most probable solution of the
question of equivalency from what is known of the geology of
this region. But it must be acknowledged that the evidences
on which this reference is based are not entirely satisfactory,
from the exceptional characters which appear in these valleys.
It is evident that the dip of the rocks to the eastward is consid-
erably greater than the fall of the creek from Bull's Eye Spring
to the Little Sandy. i
Coal No. 1 occurs near the bed of the Little Sandy, opposite
Grayson, apparently not in such thickness as to be workable.
;I;\]vo ;:a]s {ollow 'ill the order given l?y Mr. Lesley. (Volume
» Page 459.) lhe'uppcr one, which is of workable thick-
as compared with Evcr~nnn’ e o— iy R b
an’s Creek section, and as compared

with section 23 i
n 23, plate 7. At Grayson, and extending around

lgtzi;l}ie\;agﬁy"l—OF. Bfennctt’s C‘freek, a band of sandstone, five
e ::‘. is 1ound. which makes a fine building stone.
oo be({ Oofmlu_ tlhc: ‘foot of the hill, about 40 to 50 feet
g g othe.r mc];l?tc? Sandy, on the west side only, rising
¥ o s to th(? wcstard. It abounds in well-
e tlhis»:loll—ls of sleg'marlas. A coal stain shows di-
& nc?rctl: f\ similar b.ed has been noted at many
ST e r.cquently with a coal stain immediately
road just above Argilite Mill. It js not prob-

y may be accepted as sufficient evidence
aidO\l/If:l ?;:Chha.bed, ejwtending over a
o i'{vuc in makmg out the true
. ave not found, in the country

Y» any bed of rock that is persistent

considerable field, would
stratification of the coun

west of the Little ‘Sand
both in character. an
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‘heds as to make the general section an approximate guide for
the whole area, yet it is by no means probable that all the beds
are continuous at precisely the same geological level. This
remark is especially applicable to Coals 2 and 2 A, which are
less constant in position than the other beds.

Coal No. 1 is less variable and more easily identified, but it
is not so regular in its place and in its relation to other beds
as to be always identified with certainty. Coal No. 3, on the
other hand, holds a place so uniform in the series, that it may
be traced with ease over most of the region, and may be con-
fidently relied on as a guide or base from which the beds above
and below may be determined.

Southward from Barrett's Creek the conglomerate imme-
diately attains a thickness which makes it a very important
feature of the country. The great body of this formation be-
gins in the Little Sandy valley, with the masses of coarse sand
rock exposed in Little Sinking; the detached masses noticed
on Everman’s Creek, and other branches of the Little Sandy,
being outlying masses only,along the northern border of the
formation and along the eastern border of the narrow north-
ward extension of the conglomerate in the Tygert's Creek
valley. The cliffs of the Sinking Creeks and of Clifty Creek
rise to such a height as to reduce somewhat the thickness of
the coal-bearing rocks in the country drained by those creeks.
Near the Little Sandy, where the greater part of the forma-
tion is below drainage, the hills include Coal No. 3 and the
main block ore. The rest of the section is not shown as
completely as on Barrett’s Creek; but Coal No. 1 is present
along the Little Sandy west of the river, and would doubtless
be found generally through this region. The stain has been
noticed in the divide between Tygert's Creek and Sinking
Creek. At the head of Dry Branch of Little Sinking, on the
place of Mr. James, the following section is shown:

Coal toward the top of the hill, thickness not shown. 5
Sandstone and shales about. . . « « « « « SRR e B b Sy s SRR TR 92 ect.
G gy Sy RO, o [ H TR e Cata 180 e T e SRR ST e ¥
Shales and sandstone . . . . - AL ARG S i o A g e s ke b gg .
O AR RO tOE 0 o o oo o fartval G vl 0 e (1600 SV SIONE SIAAS TR S % -
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Some ores were found still lower in shales. On the Pleas-
ant Valley side a similar ore is found on Mr. Harris’s place,
near the house, 25 to 30 feet above the top of the conglom-
erate, which is little more than 3o feet thick at this point.
One hundred and eighty feet up from this ore is a blue, some-
what silicious limestone, similar to a band noted on a high
point at Thompson bank, Kenton Furnace. This rock has
been noted at the head of Long Branch of Everman’s Creek,
at about the same geological level, and at a few other points.
[t is less prominent, however, than in Ohio, as -described by
Mr. Andrews. The second coal in the section at Mr. James's
is reported as cannel, or part cannel. It was covered at the
time so as not to show its thickness and character. In section
24, plate 7, a cannel coal is shown, opened near the top of the
hill, which is probably the same bed, and the equivalent of the
Barrett’s Creek cannel coal, or No. 3 Coal. This reference is
made from e'\'idence that is not altogether satisfactory. Near
;lz:vialzsdpslgt,inhi)(\)vaeivier‘ a thil.l cannel COZ?.] was opc‘ncd lower

, n bituminous slate is shown just above
z}:Z]lt;,oli)ncolic‘;l;cthc:;gi)oemlerate.1 ,1The hills in this region gen-
ot quétiOI]s( 5‘12'1111( lc oul?tless th'e ores at the base
include the lIlZli;l 4block 01“::“ ffl‘tll=e *hlgl']CSt - Sy 1>r91)ably
siderably shortened in thi: 4 i §e:ct1‘on up to that ore is con-
R T e ]as r‘Lglon. The conglomerate forma-

> layers a true conglomerate, otherwise

it is a very 'se-grainec

iedloly t) C(():al.s(_ grained, somewhat ferruginous sandstone

s ghout. ross-stratification, as mentioned in other local-
es, 1S very s : k

i e y strongly marked on the faces of the cliffs as
Xposed along the creeks from the we

exposed . st. The directi fth

e : ‘ ' . irection of the

b t:IE)ll of' this cro.ss—beddmg 1S very uniformly to the south-
st. o this [ have observe i

region. Nearer the Big S d No mmportant exception in this
less uniformity in thj ig Sandy, in Lawrence county, there is
: . A S respect, R 4

inating direction. P though this is still the predom-

East of the Little Sandy,
compar'atlvely short, resembl; i i
T.Ygert s Creek valley; and the rj i : :
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the first considerable branch from the eastward includes about
100 feet more of the coal-measure rocks than those to the
west, or to the * ferriferous limestone,” * which, like the sub-
carboniferous limestone, has at the top a band of ore—* lime-
stone ore,” as known in this region. The ferriferous limestone
varies in thickness, when present, from one to eight feet. It
is entirely wanting over a large part of the field where its

‘horizon is above drainage. The ore is not limited to the area

of the limestone, however. It continues to mark the place
of the limestone over a considerable additional area, where it
is easily recognized from its constant character.

East of the Little Sandy river the conglomerate is not found
above the drainage, except at points close to the river. Coal
No. 1 is near the creek bed in the valleys of both Deer and
Wolf Creeks. In the former the following section is shown

near Mr. McDavid’s:

Sandstone ), s 00 ca'e v e 1 M s e ek e Rl S AR S ARG SR b AR R § 4 1 - o
‘Thin coal.

Shale and sandstone . . . « « « + o« o o o PRSP L VS T TS R [ TR
Cannel and bituminous coal . . . . « « ¢ o & ¢ o ¢ = o o o .o PR T o %
Sandstone and shale, about . . « « . ¢ + ¢ o ¢ o o 0 . e £y 7 4 QU "¢
Coal, with nodules of ore above in shales . . . . . . . RV ARRCER e SRR . dal
Shales, including a calcareous band and thin GORE 507 S0 T Rl e e e e BOL: %

Bedded coarse sandstone (top of conglomerate).

Section 33, plate 9, at Mr. Ball's, on Wolf Creek, shows
Coal No. 3 and the main block ore, and a high point in the
divide between these creeks and Little Fork includes the lime-
stone ore, as in the following section:

CoveredisSlope. i1 el e SUv Daial ot | e vk PP Ry VO LR RS R S 10 feet,
¢« Limestone ore.” o
A R e O RS IO R T NG DG S b SR b b k 15 3
Coarse sandstone (cliff) . . . . . . o ¢ o o« o e A Ta s SRR e O st 20
Slopedf il iinaiirdasha dor siiaie 8 204 el s S eyt W e e el w1300

Coal No. 5 would probably be found immediately under the
coarse sandstone which caps most of the points of this dividing:
ridge, as it is present in considerable thickness in the valley of
Little Fork. The distance from Coal No. 3 to the limestone
ore in this region is from 110 to 125 feet. The whole thick-

which marks a distant horizon, both in Eastern Kentucky and in Ohio,
has come to be known as the ferriferous limestone from the
as this term is unobjectionable, and in some sense descrip-

*This limestone,
along the opposite side of the river,
nomenclature of Mr. Andrews; and
tive, it will be used in this report.

(L. 1.—4 49
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ness from Coal No. 1 to the limestone ore is about 320 feet.
Coal No. 4 is wanting in this region, or so covered as to give
no indication of its presence. The lower block ore has not
been opened, though it would probably be found at its proper
geological level. The beds which recur in the western slope
of the ridge are, therefore, Coal No. 1, the lower block ore?
Coal No. 2, here part cannel, Coal No. 3, the main block ore,
and Coal No. 5—some of the highest points including the
“limestone ore.” To the northward this ridge runs across
the general line of outcrop to the westward, and therefore
includes less of the rocks above Coal No. 3. North of the
mouth of Little Fork, however, the western slope of the Lit-
tle Sandy valley includes more of the beds ™
above; the river, by an eastward bend, re- 3
crossing the line of outcrop.

The Little Fork of Little Sandy, and its
tributaries, drain a large tract of country
which lies between the ridge just consid-
e.re.d and the range of hills that form the
d1v1de.bctwecn Little Fork and the waters
of Blaine, and of East Fork of Little Sandy.
From the top of the ridge on the west, to
:?degz:lttﬁg Slf t](])? Jf]ésill ‘?{)rn‘l‘ed by the two
than elsewhgre on eterLIS' 1!’1 g
this is especiall trule 'Jlt\t/ e’ Wriz i finy i
such a depressi}(])n oef:‘ “ilt Vl]lai:d’ i 2
whole series occurs as t le{ it e
fined geological basin i o bl

- o 3

’11'-16 annexed diagram represents ap-
proximately the depression of the coal-
measure rocks along a line eastward from

Graham Hill throu i
j gh the hills b
Lost Fork and Bell’s Trace. .

along a north and south line. ;
: ine, int i
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-section of the two lines, the greatest dip being northward to

that point. The coals and ores on Little Fork, and in the
Willard and Dry Fork region, have been so generally devel-
oped as to afford a key to the mineral resources of the sur-
rounding country. The beds that are known to be present in
some parts of this region are shown in sections on plate 26,
and sections 38, 39, and 40, plate 11. The formations exposed
‘on the branches of Little Fork from the westward are included
between the ““limestone ore’ and Coal No. 1, though the vary-
ing dip and the windings of the valley give considerable vari-
ation to the sections on the different branches. John’s Run
and Muddy Branch show the whole series, while Hilton's
Branch cuts through only the upper part of this series. Field
Branch and Huff’s Run probably show only the middle part of
the series,.including Coal No. 5, Coal No. 2, and the interme-
diate beds. The hills between Little Fork and Dry Fork, in
Carter county, include the beds between Coals 5 and 8, with
overlying rocks, which belong to the Mahoning sandstone
period. Southward, in Lawrence county, the dip changes to
the north, as previously described, so that the hills include the
lower beds up to and above the “limestone ore.” A line
drawn from the mouth of Cane Fork of Dry Fork to a point a
Jittle south of Louisa will mark very nearly the origin of the
rapid rise of the rocks to the southward. At the head of Dry
Fork the rocks below Coal No. 3 appear to be somewhat re-
‘duced in thickness. A section at Mr. Hensley’s is as follows:

Top of point.

Coveredpslope ............. AR AR N b ail et Lt it 106 feet.
Tmpute libestone (yellow lime) . . . « =« sl e el ol ije oo v e taiieile 3.
ST T TR et ORI T R M MU R R O L D L G R
Small kidneys of ore in greenish shale.

Covered (shales and sandstone) . . . .« . B R s LR TR AR PO BT 50 ¢
¢ Limestone ore”’-—abundant.

Mostly sandstonie’, W LT e e el e e el e e el S T et S 100 “
Shales (place of Coal No. 3). 2

Sandstone (mostly with shaleat base) . . « ¢ « o ¢ ¢ ¢ o 0 0o e e e e 180
Coal No. f near bed of creek.

Shales.

The thickness of rocks between Coal No. 1 and the “lime-
stone ore” is 280 feet. At Graham Hill the thicknessis 317

feet. On Big Blaine it is about 250 feet, as will be seen from
5t



52 REPORT ON THE GEOLOGY OF GREENUP, CARTER,

sections in that valley. Coal No. 3 is shown at the head of
Dry Fork,under 15 feet of sandstone, exposed in a cliff or
overhanging rock. (Section 6, plate 26.) Coal No. 5 is not
seen here, but is shown at the head of Equal Fork on the
east side of the divide. (Section 66, plate 18, and near Wil-
lard, section 4, plate 26.) It would probably be found gener-
ally at a level, varying somewhat from its normal distance of
35 feet below the ““limestone ore.” Coal No. 7 appears to
lose its importance in this direction, though no effort has been
made to open the bed in this region. Its presence is shown
in section 66, plate 18, along the ridge between Dry Fork and
Big Blaine, and it would probably be found in some thickness
in all the hills which include the rocks of this geological level.
i Cane Fork flows along near the foot of the steep northward
dip, having its bed at a lower geological horizon than the
branches to the.northward, however, from a gentle rise of the
ir:;k}slatsobt::npgmt from tbe center of the b?.sin. Little min-
(section 2 plateogg) Zﬁothls }ftrf?'m. o SeCthI,l, . i
Shortened’section ab;veW'S t i' imestone ore,” with a greatly
rently wanting or thin ’ lfz‘d‘:’ P i
shown, while a thickeni.n fOV}']e e fale Couls ol O 9
cuts out the “limestone 0% (3’ : g SafldStOIlC Wit 1-\10. ¢
up a coal stain is shown ue.d (Bacipnigh I.)Iate X35 e
nder the second impure fossil lime-

stone,* th BN
east ¢ place of Coal No. 10, which is a cannel coal further

Bell’'s Trace and Lost Fork are so simil

little can be said for th ar, geologically, that

€ one that is not applicabl
o ; pplicable to the other.
oal No. 7 is above the bed of both valleys for a distance of

two or three miles: C
: 3o 0al 8.6 i
impure fossil limestone ; or four to five miles; and the first

ps mens of chara i :
—_— cte .
* Above Coal No, 8, 19 ¢ ristic fossils are easily ob-

above, impure fossil limesto

0 25 feet, and 100
E to 125 feet higot : "
: I S nes occu : ugher, with others in the series still
never r over : e series sti
i more than six or seven feet. ' Th a wide range of territory, varying in thickness, but
b P(lill'e limestones, (See section ave for convenience called these th lgt 1 S ok h
ancs vary from a somewhat impur7ell’ip]ﬂte 19.) =e the 1st, 2d, 3d, and 4t

» and filled with fossi]s chnracterimesmne =

% a fine-graj Ry P f
Mo of s grained Sll.lClOllS rock, resembling lime-
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tained in both places. On Lost Fork the kidney ores, associ-
ated with Coals 7 and 8, are mined, as also at one point the
so-called Rough-and-Ready ore, just above the second impure
limestone (section 46, plate 13). At the top of a high point on
the head of Lost Fork, a third conglomerate sandstone occurs,
as shown in section 1, plate 28, nearly 200 feet above the sec-
ond impure fossil limestone. The pebbles found in the soil at
the top of the hills around Willard are derived from this rock.
No conglomerate rock has been observed at this geological
level at other points in Carter or Boyd counties.

A greater thickness of rock is exposed from the base of
the hills west of Willard to the tops of the hills, at the head
of Lost Fork and Bell's Trace, than in any other valley in
this part of Eastern Kentucky. The combined section shows
the entire series, from Coal No. 1 to the highest coal-measure
rocks of this field, or a thickness of about 750 feet. An oppor-
tunity is offered here, therefore, to verify the stratigraphical
determinations for the rest of the field, as shown by profile
sections I, II, and III. It will be noticed that this section
at Willard so fully corroborates the arrangement of beds, as
shown in both the profile sections and the general section, that
there is left no room for doubt as to the correctness of the
classification as here adopted.

An impression prevails to some extent that Coal 8, as shown
in sections 3 and 7, plate 26, is the equivalent of the Coalton
coal, rather than the coal next below. A careful comparison
of these sections with sections in Boyd county will show the
incorrectness of this view. The occurrence of the yellowish,
impure limestone, which marks the place of, and which some-
times accompanies the “bastard limestone ore,” of Boyd
county, and the coarse sandstone (cliffs) above, as shown at
many points in both Carter and Boyd, are of themselves con-
clusive on this point; but the relation to beds below—the
kidney ores and the limestone ore—beds which preserve a
remarkable uniformity, both in character and in place, puts the
question of equivalency beyond a doubt. The bed of coal at

the head of Lost Creek, at Mr. Roberts’, as well as the Gar-
53
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ner Creek coal, is, therefore, the equivalentAof the Hatcher

coal.
The geological features of Davy Run are similar to those

of Lost Creek. The coals exposed are No. 6, which is thin,
as at Willard, and Nos. 7 and 8, associated with the kidney
ores. The limestone ore is not present in its usual thick-
ness, except, perhaps, towards the mouth. The opening of
Mr. Ellwood, on Deal Branch, is probably in Coal 8, and not
Coal 7, as was supposed. Coal 3 and the main block ore
would probably be found at the mouth of the run, considera-
bly above drainage.

The valley of Straight Creek presents, near Mt. Savage
Furnace, the rocks of the series from below Coal 3 to the Ma-
honing sandstone, with a considerable dip to the southeast.
Section 37, plate 11, shows the height above drainage of such
beds_as are exposed at this point. At the head of the valley, the
first impure limestone band is exposed in the bed of a branch,
and a!ong the sides of the valley, at a level 50 to 100 feet lower
than its place at the furnace. The valuable coals and ores of
Mt. Savage Furnace are below this band, and below drainage
:E;c“tl;e; lzlfzdstorfe;;etreriilllilncrfek ;1 the dip of the ro.cks and Fhe
up in the hills,at the fun;gaco I‘t))alce tae Tocks bt
.S of’the e 8,1 I(iofvs; the beds of the branches
v e d};-aina 1 Lefthand Branch, however, the

ge to the head of the valley. As

reported by Mr. Moore, a ;
include Coals 3 » a general section for Mt. Savage would

. ! 34 5, 6,7, and 8, with the ores usually asso-
}c)f;ed w1t:ll these beds. Coal 4 and the main block or)(:, have
: fn note. only on the Stinson Creek side, but would probably

e found in the valley of Straight Creek. Coals 5 and 6 have

not been worked. C : .
. oal i
local use. 795 mined at a number of points for

Sections at different
erable departures from
beds being cut out local
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Stinson Creek shows, in most particulars, a repetition of the
geology of Straight Creek. Much less has been done to de-
velop the resources of this valley. Section 31, plate 9, shows
Coal 3 with the main block ore, and near the top of the section
Coal 7, associated with the kidney ores; Coal 4, the Stinson
Creek cannel, is also present, and no doubt the other beds
would be found. The dip of the rocks in this region, as deter-
mined by levels run by Mr. Goodwin, is the reverse of that of
Straight Creek, or slightly to the northwest. Near the mouth
of Stinson, coals were reported by Mr. Jos. Lesley, which no
doubt represent Coals 1 and 2.

Wilson’s Creek shows some important changes in the rocks
exposed on Stinson and Straight Creeks. A heavy mass of
sandstone near the head of the creek interrupts some of the
regular beds, and makes the equivalency of other beds, espe-
cially those below, uncertain. A section near Mt. Savage
cribs shows the yellow kidney ore near the top of a low hill.

The following is the section at this point:

Slope to top of hill.
Yellow kidney ore.
SHE Sud tandstonks 'l ¢ RGN AR e Ga e ® wiRe el el fetiw Na e vy

SRR e el ) oy s e Sai ol ST o ella Sy e e T e S 4018
Eagaedimace o r U USRS SR PEN s S ey el iet B e SRl R Rt 5to 10 ¢
he BT AT D SR e R SO P S TR ER e S 40v 5E

Coal, thickness not shown.
Sandstone and shale . . . . . . O S E a Fe ) £ NIRRT SO S A
Blue block ore—s¢¢ Wilson blue block ’—in bed of creek.

On the Star Furnace road the following section is shown:
“Yop of hill.

25t0 30,

T T S TR SR e RN U S SRR E NP S ey 50 feet.
GBI eR 05, tibaser o n Ll ) e e Tl end s iR e e B AR RS B0
Slate ore, with fire-clay.

SHNIRRPEIMB v S 0 S8 T e e et el e SRSt s i S 85 .5
Coal, thickness not shown.

Sanfkire el Rt ee L S R Ll LT e ek e e e e e i S et 8 e B e T A

Blue block ore in dark shales.
It is probable that the so-called slate ore is the represent-

ative of the limestone ore in this valley, as found at other
points; while the blue block ore is more likely to be a local
bed, though not far removed from the place of the main block.
Towards the mouth of the creck the section is less disguised,
and would show the rocks from Coal 2 to the limestone or
slate ore. Little has been done to develop the coals in this

valley.
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Kane Creek, like the preceding, rises in the ridge between
the waters of main Little Sandy and of East Fork. This ridge
-extends along a line nearly north and south from the Lawrence
county line to East Fork; and as the average dip is south of
«<ast, the rocks which are below the drainage at the head of
AS'traight Creek and of Lost Creek rise towards the tops of the
hills along the northern extension of this ridge. This rise is
abrupt from the head of Straight Creek to the head of Stinson
.At the former place, Coal 7 is below drainage; at the latter it.:
is we.ll up in the ridge, as seen in section 31. The reverse :ii
met'm_oned on Stinson is opposed to this rapid rise, formin as
an.tlclmal, wl}ich cuts across the ridge by the dir('zction o% its
axis, but which does not appear to be continued out into th
main .valleys on either side. Further north, the I %
clination of the surface of the country t ,1 gC"ef‘a l{]-
largely account for the gradual di Bt e
beds of this region, at the tops ofE ltsl?clz)fileiirsancf\totfl thl? ugpefr

{ j he head o
Kane Creek Coal 8 is opened near the top of the hill. Section

36, plate 1 :
36, p 0, shows the beds which are opened in this region

The cover i
ed s = i
d space includes the horizon of several important

) 2 8cten fI‘Ol]l the i
. enera Se(:l on. \/V ethel‘
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SecFlon 30, plate 9, near Hunnewell
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is charged with petroleum, and is
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he head of Turkey Lick Creek.
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ear the Little Sandy Coal 1 and the
probably be found above drainage.
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thin coal shown in the railroad cut above the machine shops
of the Eastern Kentucky Railroad Company is in the place of
Coal 2.

The valley of Culp’s Creek differs from that of Kane Creek
in few particulars. The cannel coal is apparently wanting,
though it is found on East Fork, near the mouth of Indian
Run. A thin cannel slate marks the place of the cannel coal
at one place on the head of Culp’s Creek. Section 33, plate
10, shows most of the geological features of this valley. A
thin coal is shown immediately under the ferriferous limestone.
Section 3, plate 27, near Mrs. Callahan’s, and the Pea Ridge
section, near Hunnewell, show the same bed. At no place in
this region is this coal known to reach a workable thickness.
But while it is not of sufficient thickness to be counted as one
of the coals of this field, it presents an interesting feature as
being the representative on this side of the Ohio of the Nel-
sonville coal, which Mr. Andrews, of the Ohio Geological Sur-
vey, describes as immediately below the ferriferous limestone.
It appears from this, that while there is a marked similarity
between the arrangement of the beds of Southwestern Ohio
and of Eastern Kentucky, the most important beds of coal

are not continuous across both fields, as supposed by Mr. An-

drews.*
East Fork, along its westward course in Greenup county,

‘1 the hills on either side, geological features of

‘presents,
The heavy

which sections 1 and 3, plate 27, give the outline.
sandstone above the ferriferous limestone and ore replaces the
shales and coal usually found from 15 to 20 feet above, and in
some places the yellow kidney ore, which otherwise catches in
the tops of the hills east of the mouth of Ash Creek. Near
the mouth of Indian Creek the cannel coal (No. 4) is opened
about 40 feet above the bed of the creek, and the limestone
ore is found under the sandstone cliffs nearly 100 feet above,

w the fer-
as will be

*The identification of the Coalton coal (No. 7) as the equivalent of the coal belo
.riferous limestone in Ohio by Mr. Andrews, report of 1870, page 211, was incorrect, )
seen from the numerous sections which include the rocks of this geological level. The ferrif-
-erous limestone, when present, is quite uniformly 60 feet below the Coalton coal. Mr. An-
drews was misled by assuming that the coal 20 feet below railroad grade, at Summit Station, is
‘the same as the Coalton, or the same as the Eastham coal, it being in fact a much lower bed, or

*Coal 3 of this report, about 35 feet below the ferriferous limestone. 57
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with “rolls” of the ferriferous limestone. The section on Ash
Creek, near old Steam Furnace, shows the kidney ores and
Coal 7 above in the top of the hill. (Section 34, plate 10.)
Nearly the same roeks are shown at old Caroline Furnace,
and on Chinn’s Branch (section 33, plate 10), though the hills
are not high enough to include Coal 7. The cannel coal has
not been found on Ash Creek or on Pond Run, but it is pres-
ent in good workable thickness on Chinn’s Branch, at the
level indicatc'd by section 33.* In the valley of Yewland's
Creek th.c hll.ls include no important beds above Coal No.
3 and the main block ore, and near the Ohio a heavy sand-

rock replaces the latter. (Section 6, plate 27.) Coal No. 3.

R Gh e ssa to Rijemmnand oo, (il A
: g areenup.

From the ridge, between the waters of the main Little
Sandy and of East Fork, the dip to the eastward is ;nore
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place in the beds as exposed along the river. Sections 49 and
50, plate 13, show the essential features of the geology of
this belt of country. The low hills of the Flat Woods include
the ferriferous limestone and Coal No. 6 only at the top, as
shown in the profile section. The higher hills around the
Flat Woods include the beds up to the Mahoning sandstone,
as in section 1, plate 25. An isolated hill in the bend of the
river includes the rocks equivalent to those of this section;.
but all efforts to find the coals which give to this horizon its
special interest seem to have failed. It is not unlikely that
the thickening of the sand rock above Coal No. 6 has changed
the section, so that Coal No. 7 may not be present in its full
thickness ; and it is possible, also, that Coal No. 6 may have
lost its importance at this point; but the supposition is a con-
tradiction of all the probabilities of the case, as drawn from
the sections shown on all sides. This hill is at a point where
the northward inclination of the formation is modified by the
rapid eastward dip of the Big Sandy valley, and, therefore, the
height above the river of these beds is not indicated by the
opening of Coal No. 6 around Ashland, but rather by the
openings at Sheridan. Hood Creek and its tributaries flow
down from the geological ridge described above; and, there-
fore, though the hills along the head of the creek are much-
higher than those along the river, the rocks exposed near the-
top of the hill are of the same geological level as those shown
in section 1, plate 25, and section 54, plate 15: the shale series.-
containing the kidney ores and Coal 7 (and Coal 8, where that
is present) being near the top of the hill.

The western slope of the Williams’ Creek valley presents a.
similar geological field. The shale series, with Coals 7 and 8,
and the associated kidney ores, is near the top of the ridge,
capped by a massive sandstone at the highest points. Along
Williams' Creek, as at Coalton and Rush Station, this series.

30 to 40 feet above the bed of the creek; Coal 7, the
main Coalton seam, being about go feet above the creek bot-
tom. Section 42, plate 12, shows the geology of Brush Creek,

the fall of the stream being about the same as the dip; so that,
59
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with some allowance for local variations, the section stands for
the whole valley. On Straight Creek and Furnace Branch,
the beds shown in section 51, plate 14, and section 7, plate 29,
are found. Coal 3 is exposed on Williams’ Creek below the
3 )

mouth of Straight Creek. The coals of this region have been
mined for local use only, the great body still remaining un-
touched. A high point between Straight Creek and Mile
Branch, and a little more than a mile west of Coalton, shows
the second impure fossil limestone, which is so well-marked a
feature further south. There it is about 165 feet above the
Coalton coal.

Mile Branch and Rachel Branch, and Williams' Creek, above
Rush Station, present the same series of rocks, with some
changes in character and thickness, as in section 52, plate o,
:mdlsectlon 8,.plate 29. The rocks of the same geological
beve are relatlyely lO\VC}‘, however, and the hills are capped
By algrcatcr thickness of the overlying coarse sandstone. In
vaor}i/;b;:otmt}}/ the rocks above the kidney ores are exceedingly

e v At o . ]

Mahoninm e mrlacter. At some points a massive sandstone (the
]imcgtong san; stone of Owen) follows the so-called bastard
e.C e N 23 o bl 5 . . .
s Wh., lOr the ore which represents it, forming overhanging

. ich rese ;
cliffs,of < rtc,scgjble somewhat the conglomerate sandstone

ert’s :
A shZIgG S .reek. At other points a shaly sandstone, or
, CO S 2
: ntinues the series upward from the same point
or more than 100 feet. Th « i
;. } : e term “Mahoning” sandstone
as, therefore, come to hav i i A
T e € a very indefinite meaning, as ap-
(0] < 3 - .
S this section. I have used the term, with-
i 1 .
odiss . on, as applying to the rocks which follow
shale series containing Coal :
R naming Coals 7 and 8, and which often
Ppear in characteristic ledgoes d cliffs i :
ges and cliffs immediately above

this seri
from 3:)“3:(-) nlenqucarter ?nd Boyd these ledges or cliffs vary
. arly 100 feet; in the latt
, er
interrupted by shales, with case, more or less

T Sy ! one or more thin beds of coal
this b Y b€ the equivalency of these rocks, they form
ase of a series which st £ Y

b o ands in marked contrast with the
bedssofec(:)Zi :;s :legards b'oth the number and the valug of the
“60 nd of ore included. The continued dip to the
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eastward, therefore, reduces the thickness above drainage of
the most productive measures. Eastward from Williams’ Creek
the dip is slight. At East Coalton, and at Old Trace, it is.
only 20 feet lower than at Coalton. At Mr. Kouns’, near the
mouth of Old Trace, Coal No. 7 is about 40 feet above the
bed of East Fork, the fall being less than that of the stream.
It occurs in the bed of Ellington’s Bear Creek, about a mile
from the mouth. These points are along a line nearly east to
west, and do not represent the full dip, which is toward the
southeast in this region. At Mr. Wm. Davis’, Coal No. 7 is.
below the bed of East Fork, and the rocks which form the
steep faces of these hills are those of the so-called Mahon-
ing sandstone, between two heavy layers of which Coal 9.
occurs, as at the head of Lost Creek. Compare section 3,
plate 28, with section 7, plate 26.

At Mr. McBrayer’s bank, on Four Mile Creek, a section-
of the hill (section 2, plate 30) shows Coal No. 7 10 to 15 feet
above the bed of the creek, with Coal 8 shown as a stain only,
followed by the * Bastard limestone,” here a yellowish, impure
limestone, as in Lawrence county. The ore above is a local
ore, and of little value. On the place of Mr. Kouns, on East
Fork, a local ore is opened, which is several feet in thickness.
It is a slaty ore, said to have been used at the Buena Vista
Furnace. The following section shows the place of this bed:

Covered slope.
Slatetieit lacal:bed ol ariath (ol dane vaietie s e o s e et R e 2} feet,
Sandetonn and Shall © . L ' ola e e e e WIS s e e e e 20 “
Teayss audstone % e TR At ool iels et s L tan slgebaplins &Ml ne e 25
CoallINGUIIBELEEL A pi s i A R s e oot TemE S ERIRERAS T8 A0 S e 3%
Shales with bands of sandstone . . « ¢ o « o o o @ s & e b o o o o 0 25
Kidney ore.

Shalesandsandstone . . . « « « s « o s o o @
Coal (No. 6), thickness not shown.

Fire-clay.

In this region, Coal 7 is immediately under a thick-bedded’
sandstone as in this section, and the so-called red kidney ore
above is generally wanting, though at some points, as near the
school-house above Mr. Kouns’, a few large “blue” kidneys
are imbedded with the thin layers at the top of the ledge.

Garner Creek flows for the greater part of its length in

rocks of the same geological level. Section 60, plate 16, on
(18
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Pigeon Roost Branch, shows Coal 8 with its usual surround-

tings. The opening here shows 4 feet of good coal, 10to 15

feet above the branch. The Coalton seam is below the drain-
age. Section 9, plate 28, near Mr. Pritchard’s, also shows Coal
8, with a coarse sandstone cliff above, resting on the usual
band of impure limestone.

Bolt’s Fork presents the rocks still higher in the series, Coal
8 having fallen below drainage. At Sandy Furnace, the first
impure fossil limestone band is exposed in the bed of the creek.
Section 7, plate 28, includes also the second fossil limestone,
with the Rough-and-Ready ore above and a thin coal below,
the representative of Coal 10. Coal 9 would probably be
found thick enough for local use. Towards the mouth of
Bolt's Fork the rocks fall below the drainage, so that at the
1110uth the second fossil limestone is only 55 feet above East
Fork. No trace of coal is seen with this band at this point.

East Fork above runs nearly parallel with Bolt's Fork, and

‘the same series of rocks is exposed along the valley, except

that, near the head, Coal 8 rises above the bed of the fork.
(?ecnon 65, plate 18, at Mr. Webb’s).  Of the branches of
East Fork from the east. only Shope’s Creek and Marsh’s Run
present a considerable thickness of the more productive coal-
measure rocks. (Sections 4, 5, and 7, plate 25, and section
?Ozr,ml;l;tsy Itl,l.é) de[ljlrlg;ss;ostrc;an;s flow in the geological basin
ridge already (;lescri‘l»)edn OS;cls e
Summit Station, and on.S‘h PE oprct Plat.e i ¥
Shope’s Creek, show 1 dip to
the south—70 feet—_ip a little less tl e oienr
nel Station, on the other hand, to tllaIl tlvlv0 ines iy Tm}-
Shope’s Creek, a dip to the r;ortl . ‘clla g Eas't puis ar?d
about the same distance. To the ]'War el ]'n
Creek and Marsh’s Run, -the ri Sy R
; 1se of the beds of the creeks
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ridge, the same western inclination is observed. Laurel Creek

flows in the upper part of the series below the Mahoning sand-

-stone, cutting through the horizons of Coals Nos. 7 and 8. Lit-

tle is known of the coals in this valley, except the fact of their
presence. On Ellington Bear Creek, except the coal shown in
the bed of the creek near the school-house, no beds are exposed
above drainage. Coal 8 appears to be wanting in this valley,
though very likely it might be found above the sandstone
which extends along the creek in a ledge, which resembles
very much the heavy sandstone over Coal 7, in the East Fork
region.

The streams which flow into the Big Sandy from the ridge
on the west cut through rocks which present,in the different
sections, geological features quite contradictory in details, but
which, nevertheless, belong to one and the same series of
rocks. © The dip from this ridge to the center of the valley,
like that along most of the eastward-flowing streams, is unin-
terrupted, though such variations in the steepness occur as to
give to the rocks of the same geological level, as exposed
along the Big Sandy, undulations which are well-defined from
the river level.

Keys’ and Catlett’s Crecks belong to this slope, though they
empty into the Ohio. The sections on these creeks show
more of the productive coal-measure rocks than are exposed
further south in Boyd county. These rocks have already been

-described somewhat in detail. Sections 77, plate 21, and 81,

plate 22, show both these and the overlying rocks which make
up the great body of the hills. The ferriferous limestone is
not present in these valleys, and the “limestone ore” is found
at one point only—at a cut on the coal railway on Keys’
Creek—where it is shown closely adhering to the coarse over-

lying sandstone. A local recent ore deposit, two and a hal

feet thick, is found at one point on this creek with well-pre-

‘served impressions of leaves and stems of the species of trees

now growing on the hills above. It is known as the «“ Honey-
comb ore:” and if found in sufficient quantity, it would no
.doubt prove a valuable deposit.

" -
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With respect to the coals and iron ores, the geology of
the Big Sandy valley, for 20 miles from its mouth, does not
promise so much as is shown further west. The fall below
drainage of nearly all of the beds which collectively make
up the resources of the country drained by the Little Sandy,
and the predominance of the series which begins with the
so-called Mahoning sandstone, sufficiently explains this fact.
Shafts sunk along this valley would, however, doubtless reach
the lower beds in about the order shown in the general sec-
tion. Coal No. 7 is above drainage at some points, as shown
on Chadwick’'s Creek, where it is three feet thick, without
parting. The character of this coal has led to the opinion
generally that it is not the equivalent of the Coalton seam.
It is here a bright peacock coal of good quality, but doubtless
of less value as a furnace coal than that mined at Coalton;
but ‘this does not necessarily affect the question of equiva-
lency, as is shown in the case of the Sheridan coal, which
is unmistakably the equivalent of Coal 7. This coal is also
regarded by furnace men as quite inferior to the Coalton
ccTal for iron-making purposes. But the Sheridan and Chad-
wick’s Creek coals closely resemble each other in character
and ge.neral apy :arance; so much so, that the character of
ChadWle's Creek coal becomes an evidence of its equiva-
lency with th'e Coalton rather than otherwise. The occurrence
Zlf] ti}r]lzizctlhliidgfe)i’tgrelsbo\{e tllle Chz%dwick;s Creek coal i.s alsc
s i P )Ce in the series. ‘Somc explanation of
Sheridan rlllzie?)) Ell']CtCOflthe el Cr?ek.coal 1
T f(')und 5 IE : oalton may be.fom.ld in the fact that
SR W(‘gt;ma 1e t off country which is only a prolonga-
BN e Sendy wallayir ah i GEER
i l e '1 ound in ‘a geological basin which is
s o omithat in which the main Coalton’.coals found.
This will be seen from what has alread ek
of the rocks in the region in qu s been. i
at Oakland Furnace, sho Sl Teuor S sation LR R RN

) ws the general character of the rocks

xl::l; rgitekup t'n.e hills in this region. At the head of Peter-
= ek a thin coal is shown in the place of Coal 8, and
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Coal 7 is also opened near the bed of the creek. A similar sec-
tion, beginning near the bed of the creek with Coal 8, is shown:
on White’s Creek (section 2, plate 25, and section 82, plate 22),
and with such undulations as are marked by the rise and fall
of the cliffs along the river, the rocks shown in these sections
continue to form the western slope of the Big Sandy to the
mouth of the Big Blaine. Sections 83 and 84, plate 22, at the
mouth of Bear Creek and of Blaine, and section 79, plate 21,
at the head of Bear Creek, show some considerable changes
in the character of the rocks; but at the same time they indi-
cate unmistakably the continuation of the series as already
described.

The geology of Lawrence county is a continuation of what
has been seen in the adjoining counties of Carter and Boyd,
with some important changes in the details of the formations
exposed. From the northern boundary of Lawrence to a line
drawn from Louisa to the head of Jourdan’s Fork, the rocks
exposed are the same as have been described on East Fork
and in the Sandy valley. A slight rise to the southward
begins near the county line—a rise that is modified by consid-
erable undulations, especially near the Big Sandy, where Coal
8 is easily traced by openings on both sides of the river, at
varying heights above high waters. The shale series which
carries Coals 7 and 8, is not so clearly marked in this region as
in Boyd; and apparently the former coal loses its importance,
appearing only as a thin coal, or entirely wanting in some
places. The kidney ores are also less regularly present,
though shown at a few points near high water, or near the bed
of the creeks. The so-called *red kidney ore” is more com-
monly represented in Lawrence county, as in the Big Sandy
valley in Boyd. This will be seen from an examination of the
sections given. Sections 71, plate 19, and 4, plate 28, on Jour-
dan’s Fork of Lost Fork, show most of the characteristic beds
in this region. On Long Branch, two miles from the mouth,
the first impure fossil limestone is exposed in the bed of the
creek. The same bed is exposed on Seed Tick Branch of -
East Fork, at about the same level. Near the mouth of Long

L L5 65



66 REPORT ON THE GEOLOGY OF GREENUP, CARTER,
Branch a coal is opened in the bed of the creek near Mr. Bel-
cher’s, from which point a rapid rise to the Falls of Blaine takes
place; and apparently,3o feet higher up, is foun(! at sevFral
pofnts another bed under a heavy sandstone, reaching a height
of 120 feet above Blaine at the falls, a mile distant, as shown in
section 8o, plate 21. Neither of these coals exceed 21; feet
in thickness, as exposed; and though openings made for local
supplies of fuel seldom show the full thickness of beds, it is
not likely, as appears from the best information available, that
these beds will prove so valuable as to warrant extensive min-
ing at present. The most important beds of Lawrence county,
unlike those of Greenup and Boyd, are lower down in the
series, and these are available in this region only by shalfts of
considerable depth. The continuation of the rise of the whole
series to the southward effects, in a short distance, however,
what a shaft must do for this region, as will be seen from a
brief study of the geology of the country southward on the
waters of Big Blaine, and on the smaller branches of the Big
Sandy.

In the valley of Thompson’s Fork, near the mouth of Peach
Orchard Branch, 42 inches of good coal is exposed (section 4,
Plafe 30), at a level which appears to be that of Coal 6. The
van‘at.lon f.rom the typical sections of this country which is
exhibited in section 4, and the wide intervals at which the
?oals are exposed, leave the equivalency of this bed somewhat
in doubt. Reasoning from the indications which are gathered
t{;::nr;}:;efizz Zf' Eﬁieslsndbt%kcof Mr. Van Horn's at 'this poi{n.
B o Thie shalee }()) oal 6 seems most consistent with
WNRoble The iroterai SShalove, Tmth the_kldney ore, closely
which are largely re lacecel1 Es e s T e I
Sk 66 2t e é)e g }t’ahcoarse, friable sandstone. The
3 ndoasl featare whic}F: maa the base of the coarse san.d-stone

. Y prove to be a valuable addition to

the mineral wealth of this localit .
be a well-defined layer of Ii ik g exPo§ed, b g
ores lower down in the serielgl(;l}]:te 01‘?. §lm11ar t? fe bloc.k
hod batid of €, s ough. it is more likely tha.t it
the so-called kidney ore. The section
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at the Falls of Blaine appears also to begin with Coal 6. On a
«comparison with the Thompson Fork section, this would seem
to be no more than a repetition of that section with thickened
parts, the bed of ore and of fire-clay in the latter occupying
the place of Coal 8 in the former. This is shown not to be
the case, however, by the occurrence of the first impure lime-
stone (yellow limestone in Lawrence county) at the base of
the thick sandstone of section 7, as shown along the continua-
tion of the ledge on Long Branch; while on Thompson’s Fork
the same band is found at the top of the friable sandstone
there exposed. Near Mr. McGuire’s, three miles below Lou-
isa, the rocks exposed in the river hills recall more nearly the
order of the general section. (Section 2, plate 28.) The
«coals here have been opened only imperfectly, so that little
ccould be seen as to the thickness of the several beds. On
Cooksie Fork, at several points, Coal 5 is shown near the bed
of the creek, under 25 feet of sandstone. (Plate 31.) Section
72, plate 19, on Crane Branch, just below the Brown place,
where coal is exposed as just mentioned, gives a coal stain
evidently of the same coal, and an ore that represents the
limestone ore. From this point southward along the waters
of Big Blaine, the ‘‘limestone ore’ becomes a regular bed,
‘which, with the ferriferous limestone often present with it,
serves, as in Greenup, Carter, and Boyd, to make the identifi-
«cation of beds above and below comparatively easy. On the
Twin branches slight traces of the limestone ore are found at
the top of the thick sandstone ledge, which, near the head,
forms a bench around the hill. Near Jourdan’s Mill the same
is shown above a coarse sandstone, which reaches in an almost
unbroken ledge to the bed of Blaine, 120 feet below. Coal 3,
which is very uniformly about 100 feet below the limestone ore,
seems to be entirely replaced at this point. On the larger of
the Twin branches near the school-house a thin coal is exposed,
which is probably No. 3. The same bed is shown at the ford
near Mr. Frank Carter’s, under a coarse sandstone. At the
top of the point on the opposite side, and along the ridge,

100 to 110 feet above this coal, and at the top of a high ledge
67
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of whitish coarse sandstone, fragments of the limestone ore are
found. At Mr. Burchett’s, on Muddy Branch, below Jourdan’s
Mill, a coal is shown higher up; probably Coal 8. The follow-
ing is the order of the rocks at that point:

Covered slope.

e gom S SRR I S S AR AL B iy e 10 feet.
Coal IR SRR (N B e s B Sl e e &M
Shales, with kidney ore very aBONARNE « 5 (n e o e et 8 cwiey iR SR ot A 8toro “
Coarse sandstone . . . . - - = S22 L AR S e N e te Soa (s e (VSR S a8 %
Chaldy iy ith CoR SERID. e s 1 v ke o) terogs saive oo (ol T o B0 S R 10 %
ndatone b e el S i e e W, W e e echie s (U UN R SRR TS (8
Chveran to bediof Branchis do il 8L cor. "o eieagse e e i mt F UL S8Rl A5 A

On the opposite hill, 25 feet above the kidney ore, or only
a few feet above the place of the coal, the yellow limestone (the
first impure limestone) is present in considerable thickness.

On Green Brier Creek, near Mr. Hutchinson’s, the ¢lime-
stone ore’’ is shown in shales by the roadside, 20 feet above
the bed of the creek, and go to 100 feet above Blaine. This is
the furthest east that I have observed this ore. On Two Mile
Creek the stain of Coal 6 is shown near the bed of the creek
for nearly the whole length of the stream. Near the school-
h_ouse, and at Mr. Wellman’s, it is partially opened at the road-
side. At Louisa the same bed is scarcely above the river
bottom. The place of the limestone ore is, therefore, below
the drainage in this region, if present. The probability is,
hc?wever, that it is not present in the immediate valley of the
Big Sandy, in Lawrence county, as no trace of it has been dis-
covered, either along the river, where it would be exposed, or
sou.thward along Lick Creek, where the rocks of the sandstone
series be'low the limestone ore rapidly rise to form the body
of the hills. Some notion of the steepness of the dip, from
the head of Lick Creek towards Louisa, may be formed from
th.e fact, tbat, notwithstanding the fall of the stream, it flows
within a distance of six miles, across rocks which hav’e a thick:
‘I‘:}S f:gtn}giet}tl}i‘ari]'zso feet. The fall of the creek is about

S :

therefore be found gltlailrrll;el:a ;glletM(;lHemy e (N'O. 3w
ward, disappearing below thpe bydo ’fc it e
to Louisa. The top of the thicell : ;clhe Cl‘eek,.abou.t gt
A R R e iﬁn stone Wh.lch rises above
5 s e bed of Lick Creek near
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the mouth, and it forms the cascade at the bridge across Two
Mile Creek below Louisa, and also the Falls of Blaine. From
the mouth of Lick Creek, therefore, the formations extend
northward, with nearly a horizontal stratification. South of
McHenry's bank the dip is not more than 10 feet to the mile.
(See sections 86 and 87, plate 24.) The rise of the formations
to the southward, in that belt of country which lies west-north-
west, to the head of Cane Creek, is nearly as abrupt. On
Daniels’ Creek the limestone ore is shown 210 feet above the
level of Blaine. At Mr. Large’s, on Blaine, below the mouth

- .of Daniels’ Creek, the following section is shown:

SO Al fear top of AL, i 31 3" ST Gl Tl ice e e pR e T e 20 feet.
Shales with kidney ore . . o « o v o 2 0« eie o0 A e B 30 5%
Limestone ore (on surface).

SHAIN fidishaly sandstone’i . . a2 {s 7l Sl (o o Lot it iy ot ol Hiey o5 0 i 15to 20
Sandstone, with bands of shale (partly covered) to bed of Blaine . . « « « 2550

Both the kidney ore and the limestone ore are exposed in
the road leading from Danieis’ Creek to the Right Fork of
Irish Creek, the latter in a bed a foot or more in thickness
under fire-clay. A coal is shown in the branch below, which
is probably No. 2, being associated with a thin black silicious
band which accompanies Coal No. 2 in this region. Towards
the head of Blaine from these points the series rises about 10
feet to the mile for the whole distance, though to the mouth
of Cherokee the dip is somewhat less. (See sections on plate
25). The highest hills in this region show the first impure
limestone (yellow limestone) near the top. At most points, it
is shown at the surface in weathered nodules or rounded blocks
of yellowish silicious limestone. It is exposed in the road at
the top of the hill between Rich Creek and Little Blaine, where
it closely resembles the ferriferous limestone, and might mis-
lead as to the place of the limestone ore. On the Rich Creek
side this ore is exposed 75 feet lower down, associated with
fire-clay, as in Greenup, Carter, and Boyd. The coals are
mot exposed here; but near Mr. Berry’s, on the road to Haw's
Mill, the following order is shown:

"Kidney ore at surface, near top of hill.

SEhale and sandstone) mostly coverediis /oks olies e e bele BRI STSEEN S ST 50 feet.
‘Limestone ore.
SRS A S kS S oA et ateae te Sl e T SR (SIS e eee e 15 ©
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«Limestone kidney ore.”

Sandstone, shaly in parts. . . . . . A A e R I MO e
Coal stain (Coal 3).

Shilly ok, v 5 Dt B L e Te s s TR e e e e M e Uis K Eae el S s STEEE 18" %
Slight coal stain (probably local).

Sandstone, coarse at top, forming cliff . . o . . . o . 0 s 000 e e a8
Coal (not opened) No. 2.

Sandstone and shales to bed of creek . . . . . . . . o n CeL A la o L e 20 4

b

The “limestone kidney ore’ is the same, both in position
and character, as that found in Carter county. It is a grey,
somewhat odlitic ore, having a smaller per cent. of iron than
the “limestore ore’ above; but it is more easily smelted, and
is therefore highly prized. Coal 1 is not shown in this section;
it would be found 30 feet below the drainage, or about 50 feet
below No. 2.  The order which is shown in this section is so
uniformly preserved over-the country drained by the branches
of Blaine to the southward, that it is only necessary to point
out the place of the ferriferous limestone and ore, and the
height above the main drainage, to indicate the economic
geology of the several valleys. The “limestone kidney ore”
is not always present. It will be noticed that the section is.
shortex}ed very much, as compared with the same series of
rocks in Gree'nup and Carter. The tendency of the rocks.
S:::l(::’ t}}lzsﬁi)r;fsrous. limestone to thin out towards Lawrence
ig 1)], pointed out on a previous page. The fact
shown in one continuous section il gy h'mesmne' ¥
with the same series as shown on, I?)O as(;o s Com'pared

On Bushy Creek the ferriferou o) Sl Of'Wl”ard.

s limestone and ore is shown:

at a number of places, as in the r
Swetnam settlement, from near th
the head of Saunders’ Branch 230
On the Blaine side of the ri,d i
Along this ridge also the ki e
e kidney o

larl i

a v:lfz:lflsegt ¥, .the surface in such abundance as to indicate

stone oree- EPtOSIt. In quality, this ore is inferior-to the lime-
» but except that it occurs in rounded, kidney-like

o k % i .
ggregations, it might easily be mistaken for that ore. No

oad over the ridge to the
€ mouth of Bushy, and at
to. 240 feet above Bushy.
t 1s 10 to 20 feet higher..
re, 50 feet above, is regu-
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ple taken from the ore as exposed at the surface gives the
following result:

i D e - AT b SRS s SRR e R T 56.778 Iron 39.744

AR aRe T SRR S R et R S e S e i oy i .782

U S e S SR T S R e TR AR GE R i S S s S trace.

Mapmesiaie, 55 Uil Gl R B e € X e e e ik trace

A S e S AR G SRR TS S S e R trace

T e AR e S R SR N R S e L LSRR i S R .126

Combined water ... . o .. .o it ot TS e LI e A bl 10.516

Insaluble residues 25 0 0t Tl W e e e e e s e e T 31.280 Silica 25.60
C o R e B SR B L S O R SR S R S S 99.482

An analysis of the limestone ore, from samples similarly
obtained, shows the following result:

e A T T A R S S B S R T R SRR e 68.550 Iron 47.985.
C R VP e R R e i SRR A St e S SR R AR .380

o o R LS SR SRR i R R TS N T T S SR ) trace

Lo ol e s R e e R g < R L B SO R R trace

T e R SN SV S s e PR T 1 SR LR SRS trace

o G R R S S S RO LR A .175

CRRBIER watek . o o1 sl et we S U G- aele e tle. @s TR 10.150
Y e P S A e e s B T O ) 20.480 Silica 16.96.

5 TR S S W e R R O SR e TS T T 99.735

Sections 73, 74, and 73, plate 20, will serve to locate both
the coals and the ores on Irish, Cherokee, and Kane’s Creeks.
Near the head of these creeks the height above drainage of
the limestone ore would be reduced somewhat. (See sections
66 and 67, plate 18). A gradual rise is shown towards the head
of Blaine. At the mouth of Upper Laurel, a rather rough block
ore is shown in the place of the lower block ore of Greenup.
Sections 68, plate 18, and go and 91, plate 24, although they
do not show the upper beds, indicate the height above drain-
age at which they may be found in the neighboring hills.
Section 66 shows the normal position of the coals higher up in
the series than those which have been opened in this region.
The higher hills generally include the rocks of this series; afnd
doubtless some, perhaps all, of the coals shown in this section
would be found in such relation to the limestone ore as is here
shown. No effort has been made to open these coals, so that
little can be said as to the thickness or quality of these beds.
They are Nos. 5, 6, and 7, of the general s'ection. The geol-
ogy of the valley of Little Blaine is similar to that of the

region just considered. The details have not been so fully
, y
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worked out, however, and a fuller report will be deferred to be
presented with that of George’s Creek and of that part of
Lawrence county which lies between the forks of Big Sandy
river, which, for reasons already given, will be connected with
Martin and Johnson counties in a future report.

GENERAL REMARKS.

The irregularities of the dip of the coal-measure rocks in
this part of Kentucky has heretofore been the occasion of a
.good deal of misapprehension as to the equivalency of the
coals, and of the stratification of the country generally. It
has, therefore, been necessary to undertake a more careful
study of this field than had previously been made: 1st, to
make out the real stratification, and to establish from it a
natural classification of beds; and 2d, to recognize the dip of
thc‘strata, as determining the distribution and also the local
position o'f the beds. The first object has been in a large
measure, if not fully, accomplished for this region, giving the
trfue slucce.ssmn of beds in the whole series, and also what is
E nl? fess sSSP artanco, giving a key to the coal measures further
sjcf rom the Ohio. The second object has also been reached
thear as to shm\{ tl_le general range of beds, and to point out

oSitli]:)O]St fobf tlhelr irregularities of dip which affect the local
; : :

:I;re mor0 elc S.« As the topographical features of this region

e re or less related to the facts which have been estab-

1shed in respect to the dip of t] ‘

S e d-[ of the rocks, a more connected

: ryin : . :

oS e ying dip, and its relation to the drainage
€ country, may be found both i i

useful. The accompanvi i T

e G panying map diagram will present this so

readily understood by e

s y every one. The steepness of
P 1S represented approxi 1 iati

in degree of inclination pd i m?te Al ol i il ¢

and in direction, is given in sufficient

detail for th
€ purpose intended. M i
: : any m iati
undulations of the strata, which oc e ot ki

with the dlp and i A
Interrupting it, are s i
W : ) omit
est of Tygert’s Creek the ted as unimportant.

Wi ; inclination of the t f th
2 gr y is followed. The overlying rocks (sub-carggn;}erouz
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limestone and coal-measure rocks) would present a less uniform
eastward dip, for reasons which have been given in connection
with the geology of this valley. East of Tygert’s Creek the
inclination of the regular beds of coal and ore is répresented.
It will be seen that the changes in dip in this region are
frequent and well-marked, representing local upheavals and
depressions which are the accompanying effects of the grander
upheavals to the southeast. Few indications of faults or dislo-
cations of strata are found in this region. It is not unlikely,
however, that local faults may exist in the regions which pre-
sent the strongest evidences of disturbing forces.

THICKNESS OF WORKABLE COALS.

Nearly all of the beds of coal which have been found in this
part of Eastern Kentucky are, at some points, of a workable
thickness: some of them are rarely too thin to be worked
profitably. The following table gives a general view of the
beds as they appear from what is now known of them. The
thickness is such as appears from openings already made.
The areas include so much of the country as is within the line
of outcrop of each bed. The actual area of the beds above
drainage is reduced at least one half by the excavations of the
valleys. The area below the main drainage is given as though
each bed were continuous throughout, from the line where it
falls below the drainage. No sufficient data is available for
making up a decided opinion on this point. Quite 2 number
of bored wells have been sunk in this region, but no reliable

record has been found of any of them.
72
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TABULAR VIEW OF COALS, &c.

GrEENUP COUNTY.

Cll T e S R ST 1|2|3]|4]|5|6|7]|8|9|tofrr| Total
thickness,
Greatest thickness—inches . . . . . . 36| 30| 60| 50 ? | 54] 36 . .o s |'o ofi s 2% desty
Ordinary thickness » . . . . . - . . 24| 20| 36| 30| ? | 36| 36|. .|. .| .| .| 15 feet,
Area of territory—square miles. . . . |340[300|215(175/110] 60| 30 . «fs « |+ of ¢ of + 0y s
Area below the main drainage . . . .| 65| 47]. « | . Jo e ofe cfoc]eefee]oofe oo
Average thickness of intervening rocks.| | 9o|100| 35| 100 | 40 |. |e o fs ofeof s e 0u
Tron-ofes Included 0000 50 2ol s, 2 Rl g 2 I fo o o ofe B gtR s

CARTER COUNTY.

Greatest thickness—inches . . . . . .| 50| 37| 40| ? | 72| 24| 60| 55| 24|. .|. .| 30 feet.
Ordipary thickness .., . . ., o0 30| 20f 30| ? | ? | 20| 36| 36| 20[. .|. .| 16 feet,
Avegof ferory . ., .. e 360(315(276]|270[140(132] 76| 68| 60f. . . o |+ o o0 »
Area belowr drathage /o 0% %0 5 Ta s 98| 85| 62| 57| 49| 40| 30| 13| 9[. .|. . e
Average thickness of intervening rocks.| . [s0| 100] 70 [ 50 43| 55/ 35 |- -] - .
Kpowraresincinded <o o 0L R R G I R I U1 | PR b £ .

Boyp Counry.

Greatest thickness—inches : 0
ickness—inches . . . . . . g o| 46| 72| 48| 25|. . |. . [24% feet.
::vernge e L e i S R R L gg § ‘;8 ‘;8 Zz :o 2(51. s pele lgA feet.
Areavi)fltem;ory ........ : 1691691691691691691601:58155. ofeaf o o vnia
A‘r;ia;eeot;:ric(kmmagef‘.t. + -« - . . [160/169l160[157|135|100| 60| 32| 25[. .|. .[. «u. .

ness of interveni LIV e A

Iron ores included . . . . . n.g r.oc: g. 3(1) i 4? 4? 4? 3? 3 ‘1 M b e

LAWRENCE County.

Greatest thickness—inches
2 C 36| 20| 73|. .| 84| 46| 36| 40|. . 3 fect.
Ordinary thickness . . ., , , ., . . 30| 20| 36|. .| 36 :4 go ;6 ? go P ");% feet.

Area of territory . . ., , 3 .
Area below drainage . . .... 22:2 l)gg :1;22 ok 382 3;2 P 7 s :
g 42| 25| 10 .

Average thickness of interveni 6 5] 45

Iron ores included . . . , ., boiSiens i ID?’ - 1 Meranages
MLt k [ R O BT e

Canelbeoals'c.. 1 %, 20 s i

Beds changed to cannel at some poir.lts.. * | % T N g ;

SOILS.

The soils of Eastern K
t : :
from the character of theen T ere suchgg might be inferred

the foregoing reports.

medium fertility, The soils of the whole region are of

v . .
74 arying in character from clayey to sandy

rocks which have been described in-
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loam, with the successive rock formations, as observed in trav-
eling eastward over this region. The distinct character of the-
soils, as derived from special formations, is rarely preserved,
the height of the hills being great enough generally to include-
two or more distinct formations. The precise relation of the
rock formation to the soil is not shown, therefore, either by the
characters which appeal to the eye, or by analyses made as a.
test of fertility. There is, however, a general relation shown
by the predominance of successive formations in the valleys.
eastward from Rowan and Lewis counties. The traveler, pass-
ing from west to east over the country, will readily detect the-
changes in the appearance of the soil, as well as in the topog-
raphy of the country, as the different formations predominate-
in the hills along the way. West of the Tygert’s Creek valley
the Waverly sandstone and shales make up nearly the whole
height of the hills, and the soil is readily recognized as derived'
from the Waverly Group. It is of a light brick color, shaded
somewhat with the characteristic olive-green of this forma-
tion. The sand is fine, and the proportion of clay is large. The
topography of this belt is equally well-marked; the hills rising
rather abruptly from the flat creek bottoms in well-rounded’
knob-like forms. The outcrop of the conglomerate sand-
stone frequently forms an escarpment at the top of these hills,.
which, in a general way, marks the base of the coal measures..

In the greater part of the Tygert's Creek valley the sub--
carboniferous limestone and the conglomerate sandstone give-
character to the soil; a large proportion of coarse sand being:
seen in the soil, while an analysis shows an increased propor-
tion of lime, potash, and soda. The outlines of the hills are:
equally characteristic of these formations, which give rise to-
the rugged cliffs and the wild scenery of the Tygert’s Creek
belt.

In the Little Sandy valley the soil is derived mostly from the
coal-measure rocks, and, except near the head of the river,
from the rocks above the conglomerate. The sandstones and'
shales of the coal measures give rise to sandy or clayey loam,

accordingly as the former or the latter predominates in any
75
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% 8.8, < wve ~lOre Covered
Impure L.§.
(AT Bvacod - = - = «-Rough Bloak Ore
d Covered Slope COAL No.8 COAD
400 \ 0.
8.8,
%{ 8.8, @ Thin'Cosl
.\\'- —{Coarse 8.8,
Covered 5
Covered
1s.
COAL No E e
Kidney Ore
Covered
Covered
3 == \II[s.s.
:t—:i 8.8, = oni Siain
Coal Statn AL
Covered Covered
i T
COAT. Noa
8.8,
’
COAL No.3 Bed of Lit. Fork
Level of Fur, Hearth
100 Bed of Creek
|
A
50
’
2
i Bogari&Poiger Cin
5

Ht. above 'tide at__mouth

Little Sandy  River, 435

P




Plate 12

SeeAl. SEC. 42, SEC.43. SEC. 4.
Indian Run Brush Creek Hd.of Wilson's Cr, Straight Cr, Left Br.
GREENUP Co, GREENUP Co, CARTER Co. CARTER Co,
700 P.NM
600
500
Top of Hill
o0
Top of Hill m:!# e
Top of Hill Kidney Ore Covered N~
8. ] Kidner Ore
Covered
Covered Skope Kidney Ore
8.4 8.8,
A Limestone Ore %‘) 8.8.0Hiff crrrrered Ore
PR g Covered {65
Covered Slope
&2 1s.s. 8.8. i
(v COAL  Nob e
= Limestone Ore _‘ﬂ- e 4 Covered
Covered COAL
Covered
Block O _Blue Rock Ore
Covered B.g?a g:' X @B«i of Creek
COAL No.3 COAL
=3 8. :
Bed of.Cr.
ﬁ Cannel No.4
Place of Block Ore
= =] 8.8,
e T
COAL Nou3
100,
et mouth___ 0 ¢ e Sandy __Tver. i

[

Hight____Alove




Plate 13

BEC,45 SEC, 46 SEC. 47 SEC,48
Davy Run
Deal Br, Lost Creek Willard Falls of Cane FK.
CARTER Co, CartEr Co, CARTER Co,
1600
Top of Hill
5001
Slere
ey Ton of Hill
Bastard L.8.
————=] Cale Roek'
8.5, Biope Coal Staln.
ey Slepe
" Rough & Ready Ore
o ———— 1m‘::L.S. 4 —{ Bastard L.8
.__'______'_—?% [ﬁfﬁzﬂ 8.8, Covered
Covered
8.8.
hin Coal =1
Covered X, Con l
‘\ﬁ% 8.8. $.5.5.6 5.8, L6 I paree 8.5,
COAL (AN 234
300 ks 8.
Kidoey Ore rougn Ore Cover:d
z N|8.8. Wi D
W ppeerr COAT NouS == 8,k S.8. C:l. Shale
== =18 &S.8.
Covered COAL No.8 a@ BasH
== | Kidory Ore
Covered ==—1Greenizh Shale =i Coal No.6

== s.
S.B.(Mlaceoun) : M Conrse §.8,
COAL . =5 - Sc.{!).‘('!;ln\?:.‘ﬁed) += = lBea of Cr.below
e Sing = coALNoT .
L.Ore 8.& 8.8, Greenish Shale
= Kianey Ore Kiduey Ore

Bed of Br. LalOr. 4 Thin Coal No.6 *

L S.0re

LS.

e 1y Fork
100
Bogart & T goe Choe
gkt phosidsai wowth_of the LmieSendy FU




Plate 14

SEC.49 850,50 8EC,51 SeC,52 i
Amanda Fur, Melfonte Fur, ‘Buena Vista Fur, Star Fui,
ol GrREENTUP Co Boyp Co, Boyp Co, Boyp Co.
s .
600)
e\
d
500
Top of Bil
Top of Hill
Covered
400] Covered
Kidney Ore.
Kidney Ore. %
Kiduey Ore,
Bastard L Ore S. & 8.8.
8
= Kidney Ore. COAL No.T
8.8, S.& 8.8,
1300l s.
COAL No.T Kiduey Ore.
3 Coal Stain No.6
Top of Hill = ;‘:"” i 8. & 8.8,
~~ . Quarry Stone
COAL No.6 =
> 9.8.(Thizk Bed.) L.Ore(Gray) $.5.5 8.
mmivpd COAL No.6
1 Top of HIIL
itre S . g
200 Lunestens Ore Qovered = P84 8 o 2
= | Limestcme " & Jcal m
8.8, (Thivk Bed.) Fire Clay Bedof Br.”
Lirestons Ore COAL No.5
LS.
Covered
3.8, (Thiek Bed.)
88.&8. Bed of Br.
Block Ore
_Bogms & Riger Oy
o |
195~ Hight above tide, af mowth of the Littie Sandy River




Plyte 16

Sre.S7 SECSS o Szcﬂ)m SEC.60
700, 5 " eigerville
Tunnel Station Coalton (Conblued Sce., Garner Cr.
‘Boyp Lo, Boybp Co. BoyDp Co. Boyp Co.
6500
500,
400
Covered
==l KidneyOre Covared
Cavere;d Caic.8.8.
oo KidueyOro 8.8,
3001 Coversa
Covered
KidneyOre
. 9 =
Coverady COAlL No.8 KidneyOre
v v Covered == = |X.S. 3
E=Fareaa| KidneyOre g Lasbsds yrrmerrd COAL No8 &
| 8.& 8.8, s 2 EPgd
COAL No.7 UO0ATL NoJd ?
o KidneyOre
S.& 8.8,
S Kiduey Ora 2 KioneyOre 8.8.& S
200! S.8.&8.
COAL No.§ ideoced P S
8.8, COAL No§
- L& 8.8, e
! COAT Vo5 T/ |SASS R.R.
1 ST I COAL Nod
Jod of Or.
100
L Bogart&PolgerDin.
ITt. above tide at wouth__of Little Sandy  River.




Plate 17

ZZZ gt of Rup

SEC.61 SEC.62 SEC.68 SEC.64
Glinton’Fur, Near Cannonsburg 4 Mile Creek Sandy Fur.
Bovp Co. Boyp-Co. Boyp Co. Boyp Co
1
i
800
500
Top of Hill
Top of Hill Top of Hill
400
Covered
Rough & Ready Ore
% hnpfl_h L.S. (r{)sdls;
Covered Tmpurall.s Thin Coal
S.& 8.8,
SilL.S.(Fossils) z% ‘s);szs A
Covered 8.8.& S.
ront Yellow L 8.
8.
<18 L.O Tmpure 1.8
220 Bastard L.Ore
o S'C"“l % uaiak Impure 1.8 (Fossils) |
Bed of Fx.
Kidnoy Ore 7S] Kidney Ore
&
8.8 N P Ll
= COAL No.7 e GO O Bed of Oree
52 v 77 Kidney Ore
e =
ey Kiacy Ore COAL No.é
R B ==
== COAL No.& o ok -

Bogart&Folge Cin.




Plate No.18

SEC.65 SEC.66 Sre.67 SEC.68
E.FK.(Webbs) Hd.of Cherokee (r. Had.of Canes Cr. Scaggs Br.
700 LAWRENCE.CO. LawgrexNce Co. LawreNce Co. LAWRENCE Co.
oo Top of Hill
Top of Hill Slope Prob, place of
. Kidney Ore
Covered 7 77 Kidney Ore
Kidney Ore
Greenish S. Gomeon
Kidney Ore = Py of
Sreenish 8, 5\2% S.8. N::Sl:'ﬂ
Coal Stain =T Place of L.S. Ore
300, _? <
Greenish S, v
Top of Hill
Coal Stain No.6 £
% Grey OoliticOr = Covered
L.Kidney Ore
8.
.8, Prob, p'ace of
i~y I Nos COAL ¥ed
Covered 1 g ”
400 - COAL 18
/s, L
Fossil LS, \fﬁ—/—
- vk = COAL Yo,3
=] Ooriet
S.8.
=|S.&8.8.
5.&8.8. LEN
HCoAL 2” ===—={COAL
=8,
e i
Es Bed of Creek Lem,o'fﬂh
X N at mouth
Gr==keVellow L.S.
YT g.f)dl‘k. &“’fk
Bed of Creck
200)
100
Bogart&Fotger Cia

455 Gt shove tide  at  mouth

Little  Sandy _ Rivers

of




Plate 1O

SEC.69 SEC.70 SEC.TL SEC.72
E.Fk. Wm.Davis E.Fk.Col.Bolts Jordans Fk. Cooksie Fk.
Mo.of Garner Cr. TAWRENCE CO, “LAWRENCE.CO. LAWRENCE Co,
700
600
Top of Hill
Slope
Tov of Hill
500
Imp,Fossil L.S
Cherty L.S.
Covered
w L.S.(Grey, Bk oo 0
olitic Ore
EeSs :
00
Top of Hill Ooraved
= L.8.(Dore colored
Top of Hill ===y Coul Stain No.10
Slope g
:%——' Covered
o Covered
=¥ Impure L.S.
COAL No.9
‘|Congl.S.5. :
o ' Coarse 8.8, Ore(L.?)
g& Yeilow L S. .
JUAL No.¥
Coal Stain No.8 S.8. ¥
3.8. Thick bea \ i
gg COAL Nob
{mpure L.S. =
Bed of Fk.
Coa) Stain No.8
B.Fk.
=" Bed of Fk.
100
BogartkFolgerCin.

Bl

. above Gde ai mouth of Liwle Sandy Riwer.




Plate 20

SEC.T3 SEC.74 SEC.75 SEC.76
Irish Cr. Graham’s Bank Bogg’s Bank Mo.of upper Laurel'Cr,
LAWRENCE Co. LAWRENCE Co. LAWRENCE Co. LAwReNCE Co.
700 v
500
Top of Hill
idney Ore
Top of Hill
Slope
% L.S.Yellow — o
= L.S Ore
P00 Top of Hill ==z
g 7] Kidney Ore e
5 _%Kldney Ore —= Top of Hill
= Covered
Covered
it Covered
= ge0ro L8,
| = Coal Stain
400! =4
.}) =IT |8
—t Covered
(T[S OB [ss. et
COAL No.3 AL No.3
== Fuce e S0 AL No. Covered
3 f \
= % S.s'
Block Ore(Rough)
& ]-E—.ifﬁ S.8.&8. ===
.S,
8.8, b
B ? ! COAL No.! el COAL No.1
SRaSC 0.ALL No.2 =
£ = s s
~f 7- A N Bed of Creek
s A s o Crek
& Tep of Conge
COAL Nou Bed of Creek
in Bead of Creek

% Jit, above tide at mouth of Iatile Sandy Ruver.




.
Kiduey Ore

Thiv Coal
Bl of Ureek

Plate 21
SzeT7 SECTS SEC.79 SEC.80
Keyes Cr. Oskland Fur. Haiof Bear Cr. Fallsof Blain
Boyp Co.. Boyp Co. Boyp Co. LAWRENCF Co.
700}
300
500,
Top of Hill
Slope
= L8, Top of Hill
400 Top of HIIT 4
8.4 8.8, Stope
Slope
= Fer.LiS. ===
: 72, | ConglL8.S.
8.8,
Covered Odvared
300,
Covered CIiff of
Copralig Coarse S.S.
e— b
i) LS. Yellow S.& S.8.
COAL No.8

\ 8.& 8.8,

~——— COAL No.7 24 COAL No.7
8.& 8.8,
¢
3.8 Hed of Creek
t
COAL No.b e
AL No.f ;
P g i .?l ‘ - , o~
z I;"' Ty = Red of Creok
2 3 Lelow Falls
£ 4
= wed of Creek
Bogart& Palge-Tin

485 Ht.'above tide nt month

o Little Sandy  Rirer.

——e




o Plate No.22

SECS1 SEC.82 SEC.83 SEC.84
Catlettsburg Whites (‘reek Monutn of Bear Cr. Mo.of Blain
Boyp Co, Boyp Co. Lawrexce Co, Lawrexce Co,
700
600
500!
Top of Hill
Covered
4 Slope
100
Top of Hill
==|Rcd&Greenish S, s == <~ % (BN
Bedded S.8.
B ‘& ),
‘1 \)’ S.5.(CHifn) Covered
] (= (e |SeSe
o . Coversd
i Sy or thin Beded 5 Z217) as Covered
Rock. Course S.5. iy e
! /
= 2.(Clitn
Covered Covered ong. 8.8,
Covered @
E=xo P LS, V. < Coarse 8.8
200
\ . ‘/\’/ Dosrie SIS. Coarse 8.8,
kool Kiduey Ore == SilL.S. 5
i i TR " Covered
.
Coa, Stafn = )AL Nos T.8.
S == COAL No.8
3 Kidney Ore | ————{Bed of Creek - :qug;ma.o"
liﬁ Stuly Rock | S.&S,S.
! s Coal Stain
—= Coal Staiu(No.T) Covervt SRS,
o »—‘ EEN AKidney Ore
. A 1.8,
1 __-JBed of Creek ﬂlco“
) T=p4
- ﬁ High Water
ot = CoaL X,
\ kod
e >0

485" Ht. above tide al _mouth

of Little & ndy  River.




Plate 23,

100

SE, 85,

LOUTSA,

SEC, 86,

Mc, HENRY'S,

SEC, 87,

PEACH ORCHARD,

SEC, 88,

WARFIELD,

Imp.L.S, with

= | Nodulcs of Ore

Shales

Coarse 8.8,

Coal Stain
8.

Slaty 8.5,

\ i | SiKBedded
100 COAL No.6
Ore

Kidueys of Ore

High Water

Bed of River

Coarse 8.S.
|

Mo-Henry Coal

8.8.& 8.
Stight Coal Stain

Mostly S.8.

=

Conl No2. 18"

Bed of Sandy

435

T, above tide at mouth__of Litde Sandy River.

Top of High Point

Imp.Ore L.S.
ozl Rough Ore
Mostly S.
—
W S. 8. Oy
“HE
Covered
S'Emﬁ S.8.Ledge
Covered
{ 8.8.01ff
Covered

8.8.CHfr

Covered

Coarse S.S.

Covered.

Bedded 8.8.

S.8.& 8.

Bed of Rivey

Corered

8.8.& 8.

| 8.8,

|
L—— SplintCoal

—

JOAL No 3.

B.S.Mostly




Plate 24,

SEc,90, 5 Src91, SEC,92 SEC.8Y,
ig Laurel at S -
Hood Creek Great Bend Flat Gap George's Cr,
Lawresce Co. LAWRENCE Co, JoHNsoN Co. LAWRENCE Co,
700
Top of hill
600 Top of Low hill
Prob, Place of !
Oosl No. 8 [==m=or=ee=] Blodk Ore
Covered Covered
Slope
1 W— Y 8.8.
Coal Stain “Top of bill
500 Covered
Prob. Place of S.8.
ol COAL No. 1 Covered
Slope
Congl. 8.8. Prob, Place of
Coal No. 3
Bed of
Laarel Cr.
Congl. 8.8.
Thin bed, 8.8. Clifr
: 1 |
' » | Cong! 8\-8- \ - Prob, Place of
? } —————=——{ Bed of Oreck Coal No. 2
Bed of Creek
S, with plant imp.
20 COAL No. 1
Bed of Creek
100
Bogart & Folger Cin,
$5Mf  Ht. above tide at mouth of Little Sandy River




Plate 25.

Slope

= Shale
Ore
o Shale

Covered

Slaty 8.8.
COAL No.7,

o Yel.Kidney Ore
8.8,

Shaly 8.8.
COAL No.6,

.| Sandstone

BeLLE FoxT FUR.

’| Sandstone ;

Red

&
Green Shale

COAL [+
Ted of Creek at)

Fur

Ore
Top of Hill B reoninh
Shales
Coar & Friable
8.8,
Covered
% Ore Beneh
F— Sandstoue
Covered Coal Stain No.i.
8.8,
Kidney Ore
Yel.Kidueys
Blue Ore
Covered
COAL No§,
Fire Clay.
Shale K.8.

g Yel.Kiduey |/
Ore

Shale
oreand Imp.L.8. ki
At Bolt s Coal Bank
East Fk.of Lit.Sandy.
Scale
50 .
SEC. 5,
On Hill Between
SEC. 4. (CANNONSBURG
&
Shale
p s s : at CriNTON FUR,
< lmpure L.8. CLINTON FUR, Top of itidge
10 Dar
g Top of Hiil 8!:::;‘:;‘:‘ ; -
§ South of Fur & o Impure Fossil|'
.| Conrse 8.8, Shale
Thin Bed.
SEC. | - sfs.
On HilLS.E.of SEe at Hd.of P 3
BELLE FoNT FUR. White s Cr, Coversd  TgETT,
Boyd Co. At Mt Cal {
“Top of Hill 3 Calvins Near
A | B8,
Y CANNONSBURG.
it e Top of HilL
Covered BEC s
On Hill West of

Green Kidney Ore
Y anate Roagh )
Red :

Thin Bedded
Ore & Shaly 8.8,
Thin Bedded Thick bed.
and Shaly 8.8
8.8. Ore
Coal Stain
Nos,
Coal Stain
Sanle
g Red Kidney
Ore
Conl Sain QGUAL No,T.
No.i,

Yel.Kidney
Ore
8.8,

COAL No.§,

8.8,

Covered

COALin Ban'
of East Fork

Bogar) & Folge: Cin,




Plate 26.

[mpure Fossil L,8. SEc.3.
Lost
Creek
S.8. ms""' Near William’s
WILLARD
Covered s
2% o] Impure Fossil
y e
20 Eﬂf s.8.
Conrse .5, —
*1 Coal 67 fue
8 5
0
Covered
uc.xn 8.8, SEC.2,
Mouth of Caney Fk,
Covered &
Sexton's Hollow
Thick Bod.5.3. T LARD
= Shals 1s.8.
==
EEs Conl Stain s, - Jmm—— COAL No8
[Z27° 7] ¥ire Clay e
== ¥le
[E==555( Rough Ore

| 8.8,

Lime Stor

gC. 1.
Flaugher's
WILLARD

Yel.Kidney Ore

Coal Stain No.6
Fire Clay

Bed of Little Fork

Covered

8.8,

wor] Small Kidney 8
T ofOre”

=iy Impure L.S.

Fire Ola;
11 4 Ore

8.8,

Kidney Ore

Yel.KidneyOre

8.&£8.8.8.

1 Greenl

Cal Band

4.8,

k0.5,
Hd.of Thomgson's FK,

COAL No.T 1 AwRENCE CO.

Covered

ne Ore

Covered

e

e

SEC.4.

Black Hollow

WILLARD

2! Sandstone

Covered

8.8,

COAL No.3

SEC.6. Clny
Head of Dry Fork

l1;{head of Lost Fork -
=| & Red Shale WILLARD

SEc.7,

Shale
Impure L.S.

8.8,

Coarse 8.8.

Tmpure Fossil

4 8.8, et
Dark Shale
COAL No.8

8.8,
Coal Stain

Limestone Ore
Shale H

Lime Kidney or |
Slate Ore
Covered

8.8,

Sandstone

SEC.8.
Fire Head of Equal Fork

WILLARD

Bogart & Folger Cine




Plate 27

s Farm

rgpﬂ “Top of Hill SEC.S
Near Mrs Callaban’s Cannel Mines
HUNNEWELL FUR,

Coverea  East Fork of
JATTLE SANDY

Hs.s.

7| 8.8.Clife

“{Place of L.8.0re

Jovered

SECH

Kidaey Ore

nish Shale
Kiduney
Ore

SEC.T
Shop Branch
HUNNEWELL FUR,

8.8.& Shale

Covered

8.8,

Block Ore

Block Ore

Coal No.3
S.&4.8.

A

Bed of Braneh
SeC.A4

Hill Back of

SEC.2
Hill West of
Reedville
CARTER CO.

RIVERTON & GREENUP
Coal Stain
Thin Coal

8.S.
Bit.Shale

COAL No.2

Covered
S.8.& 8.

Rough Block Ore
~ Dark Shale
et COAL  No.l

Yewland's Cr.

f Canwks Coar

| 8.8.

—— . —

Covered 8.8.& Sh.

Clay Shale
Lingulac

COAL No.3
Fire Clay

Covered
8.8.& Sh.

Hu~N

= COAL

| S.8.

Sh.Dark

Dark Rusty Sh.

SEc.8
Near Keating’s
HUNNEWELL FUR.

Greenish Shale  Spc.9

PEXN’A FUR,

Covered
8.8.& 8.

& S.S.

COALNo 3

¥t Thin bedded
S.8.

SEC.10
NEWELL SHAFT

Earth

Blue Clay
| Bluish S.8.

Grey S.8.

i Black Slate

Grey Rock
Verry Hard

Black Slate
Cont 8”7

COAL No 9!

Bogart & Folger Cin.




Plate 28,

£x0. No.
at Mr.Riffe's

.-
v
W

[Rid
“

|
/4

3~

v X4

Covered

8.& 8.8,

] 8.8,

Coarse 8.8,

= Bed of Cr.

Covered
Coarse 8.8,

4 tmp.L.8.

" Covered

Covered

COAL No.¥

Covered

Skc,No,2
Me,Guire's Place
Near Louisa

o Place of C.Now8

SEC,No,3 on
East Fork

. al Wm.Davis®
East Fork  Mouth of Garner Cr,

Yop of Hill

2nd Imp.L.S.

Pebbles

Coarse 8.5,

4 Imp. Limestons
Covered

sh.

Conl Stsin

Bed of
East Fork

Greenish 8.8, — - -—~

SEC, No, 4
Cooksie Fork

LawgreNCE Co.

Coal & Blate

= Slaty Coal
COAL No.b
Shaly 8.8,
Bed of Tk.

Rock House Br,of
Jourdan's Fork
LAWRENCE Co,

SEcC, No,7 at
Sandy Far,
Boyp Co.
P.N. M,

8Ec.No, 5

8.8,

RESVESY
=2
Zk Hyad Imp.L.S.
= 5 Cannes Coar

Covered

@

imp.Fossil L.S.

g )
bk Tmp.Fossil L.S.

SCALE

Covered 8.8.& 8.

Sec.No.9
Pritchard's
Garner Cr,

Coarse 8.8,

Tmp,.Fossil L.8.
Covered

Shaly 8.8, L
COAL NESLL HPT  smen Ol COAL No$
ES Sh.
%, Covered
i e oF Kidney Oig Bed of Creek
; SEc. No,10
| 8.8.& S, Opposite F, Carter’s
on Blain

Coal No.7

COAL No.6

=
A COAL
7574 Fire Clay
1] 8.8,
4 High water
8.8,
e
e ST SEC. No.§
Horse Branch
N near
g b(;:;.ﬁ i Catlettshure
< e,
5 e Boybp Co,
Boyp Co.

Rogart & Polgn Cin.

Place of (ﬂﬂ ft above natural pomlou)

1.0re

8848

| White Coarse
1 8.8,

Coal Stain

8.8,
”

COAL No.3

Bed of Blain




Plate 290,
SEC.No, 1 SEC,NO,4, Head of SEC, N
No.1. p q WNOo4, SEC. No,5.
S R SEC,N0,3, ‘Goon Fork., Hill North of
A o Em Keriton Fur, f2iienion Fu,
ollow n Branch, |
Kenton Fur, Covered Sh.
TR | 8.8.& 8. Rough Block Ord
¥ .| Coarse 8.8 Sh.
§ | conrse 5.5. P | Rough Block Ore - LEh
Fire Clay | congl.ore L= (| sualy 5.5, ) 5.5k 8.
va N\,«l Ore =EN
bz b L
o |Shaly 8.5, Covered
Xl Top of Waverly ’ §
= coAL6” ! BT Covered

SECNo.6,
Davy Run.
near
Mt Savage Fur,
P.NAL

Covered ws“‘.
20
Z e
T3 88 5
0
Skc.No.7,

Muddy Hollow,
Buenavista Fur,

Bit.Shale

Top of

Graveyard Hill.
Star Fur,

-| Hard 8.8

Waverly

1| 8.8

Top of Hill

Bastard L,0 Y
" SBe.No9.

Mile Branch,
Star Fur,

Kidney Ore
Shale

P.N.M.
Covered
% COAL Rep.4
Covered
Shaly 8.8.
% Red Kidney Ore

8.8. Covered
Place of No.T
Coal
Covered, ===
Shale &

Shbalty 8.8
Ore

Covered

Ore Bench

1] 8.8,

- COAL No.7

Yellow Kiduey
Ore

Blue Block Ore
)

8.8,
Thin Bedded

L.S.

Ore

Covered

{] 8.8.
Suale & 8.8,

T Lime Kidoey]
§ or"Slate Ore

.8.

5%
N
-
o
®

Sec.No,10.0n
Hill East of
Read'sSta.

Bogart & Folger Cin,




Plate 30.

Sgkc. No.b,
Ou'Ridge Bet. Fallsof Blain
&

LOUISA. Lawrexce Co

Rough Ore .
SEC.No5on e
Two Mile Creek
LAwRENCE Co,
SEc.No., : - 4
Top of High Hill Covered 8.& 8.8.
Head of Lost Cr.
~, CARTER CO. Sec.No.4 Blooks of Coal Stain
00 Titew AR R Thomgson’s Fork PR
Near Mouth of Blocks of,
Peach Orchard Branch lmp.L-8.
Covered
— -
Skc.No.7.
Falls of Blain
LAwWRENCE Co.
Sec.No.2,
At MeBrayer's Coal
Four Mile Creek
Bovp Co.

-1 8.8, - - Shaly S.8.

s === Sn.
[Z3757] fmp. Vel.L.S. ﬁ [mp. Vel.L.8.

Covered
8.3. & Sh,

Covered
Conl &
hi Coal Stain Fire Clay
Coarse Friable
Covered 8.8, Coal Stain Kidney Ore
& Sh.& Shaly
Shale 8.5,

SEc,No.3.
LicK CREEK
IR COAL No.T Near
LEVASY Fire Clay Louisa

Bogart. & Fulgee Cis.




Plate 31

C
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THE IRON ORES OF THE KENTUCKY DIVISION
OF THE HANGING ROCK IRON REGION.

L.

The iron ores of this region belong to the class of earthy
carbonates or siderites, known also as clay iron-stone, and lim-
onites or hydrated peroxides, which result from the alteration
and oxidation of the carbonates. They are all in what may be
properly called stratified deposits; for although some of them
do not form connected strata, they all occupy regular, well-
defined geological levels, which they hold over wide areas.

They are all found in association with the rocks of the coal
measures, beginning at the base with an ore resting on the
sub-carboniferous limestone.

There are occasional scattering beds of nodular ore in the
shales of the Waverly formation; but they are never extensive
enough in this portion of the State to be of any value.

In Kentucky, as in many other States, the ores occur in
greatest abundance in the lower coal measures. There is no
ore of more than local importance above this level. Some
are occasionally found in the middle coal measures, and will
be described hereafter; but they are by comparison of very
little value, and are not largely worked, as they are inferior in
quality and untrustworthy in occurrence.

The usual method of occurrence of the ores of this region
is in beds or layers, although there are exceptions to this which
will be described. At the outcrop, on the hillsides, where the
ore has been exposed to the action of the atmosphere, it is
usually a limonite ; but as it is followed into the hill where it has
been protected by a heavy covering, it occurs as a carbonate or
siderite. This is always found to be the case where the ore
has been protected from atmospheric influence.

The distance from the outcrop at which the siderite will be
found, varies of course with the character of the overlying rock.
Where this is a porous sandstone, the limonite will be found

COAL 1,—6 81




4 REPORT ON THE IRON ORES OF

extending a long distance under ground; and if it be near the
top of a hill, the whole bed is sometimes found changed to lim-
onite. If a dense, impervious clay shale overlies the ore, the
siderite usually extends very nearly to the outcrop, and only a
very small band or rim of limonite surrounds the bed.

Where the ore is covered by water for the most of the time,
and thus protected from the air, it is usually found as the car-
bonate. This feature has been noticed at a number of places.
Where it is comparatively dry the ore is usually a limonite;
but when in a ravine, for instance, where water is constantly
percolating through the rocks, keeping them saturated, the
carbonate is almost always found.

These facts would seem to indicate that atmospheric influ-
ences alone effect the change from carbonate to hydrated per-
oxide of iron. There are, however, other facts which will be
referred to further on, which seem to indicate that it cannot
have been altogether effected by this means; and in spite of
the seeming contradiction, it must have been assisted by the
action of water.

In every instance the limonite has been derived from the
carbonate; and in no case whatever has any indication or trace
of a change by deoxidation from peroxide to carbonate been
observed. The siderite or carbonate of protoxide of iron is
the original mineral of these ore beds.

; The siderites possess a dense, close structure, with the sili-
cious and other impurities disseminated evenly through the
-who!e mass, and a specific gravity which is much higher in pro-
%or_tlon. to the per centage of iron than it is in the limonites.
.0}11}2 Séneg;;lt‘icgctRheasoie?n before stated by A’ndreufs in .the
show an Ope: Porouspstru ?I‘ 187'0’ Al an l1mon'1Fes_
of ore, and th’e impuritiesC ;f::e, S Spldgeey qualltlfis
the center of the s ecimen e'rIl‘hSegregat(?d L
considerably higherp er cent; ?Y i g Aoy
are much more estle::)emed ljgeho ARG B E an.d
oot e ma.y.t € 1ron manufacturers of this

. jority of the charcoal furnaces of

this region, nothj : .
B gion, nothing but the limonite ores are used, as the
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managers profess not to be able to produce a coarse-grained
foundry iron from the blue carbonate ores. This is generally
supposed to be owing to the presence of sulphur. Analyses
show that there is usually somewhat more sulphur in the car-
bonates than in the limonites, which may be sufficient to ac-
count for the trouble experienced in working them; but it is
also probable that the dense close structure, rendering them
difficult of reduction, has much to do with the matter.

The average from a large number of analyses made by Dr.
Peter and Mr. Talbutt of ores from this region, gives the rela-
tive per centages of metallic iron in the limonites and carbon-

ates as follows:

ORES. Limonites. Carbonates.
TamessBlekaran_ i e iy Egdales i + 46.22 33.60
Uppesiblock ores 1 a0 el 44.60 34.42
LOWeRBlotlerorel v L. ot L e T 33.50 29.73

It will be seen from the above that the average per centage
of iron in the limonites is considerably greater than in the car-
bonates. The specific gravity of the carbonates, as already
stated, is higher, in proportion to the amount of iron present,
than that of the limonites.

We thus have the singular fact presented of the carb.onate
ores gaining in the per centage of iron in the change to limon-
ite, while the specific gravity, which is commonly supposed to
be somewhat proportional to the per centage of iron, becomes
considerably less. This is a fact which is not tl}orogghly un-
derstood and appreciated by the purchasers of ore in this region.
They do not realize that the carbonate ores wxll' not yield as
.much in proportion to their weight as the limonites, and that
it is poor economy to pay the same price per ton for both.

THEORY OF FORMATION.

It is generally agreed by geologists that the5f3 ores are
deposits from aqueous solution, laid down by chemical action.
There seems to be no doubt of this whatever. There are,

however, different theories held in regard to the method ansc:
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time of this precipitation, and as to the condition of the ore
when first deposited. The feature for which it is most difficult
to account, is the occurrence of the ores as carbonates.
Under the circumstances at present prevailing, we should
expect the ore to be precipitated from solution as a peroxide.
The waters which originally held the iron in solution must
have been of wide extent, for we find some of the ores extend-
ing over large areas, sometimes covering hundreds of square
miles; but whether these waters were oceanic in character,
or large, shallow, fresh water lakes, is not well settled. It
seems probable, from the occurrence of certain plant remains
which are occasionally found in the ores, that the waters were
s'hallow and fresh; but, on the other hand, there are occa-
sional organic remains which are apparently of marine origin,
\V_hence also the oxide of iron was derived, which the waters
afterwards spread in so even a coating over the bottom, must
be left to conjecture. It is a problem of no small difficulty to
]account f(.)r. Its so general dissemination and subsequent regu-
bar deposmo'n. One theory holds, that the ore beds have all
een ldep051ted originally as peroxide of iron, and subse-
quinty changed to carbonates, through the agency of the
E]?.r on'flccous matter of the interstratified coal beds, and that
1s’Is‘ir'nm?ted through the associated shales and clays
1s theor in i it i :
it y hafs in 1Fs fax.zor the fact that it is based upon
rep I;)]a ion o t.he iron in the condition which we should
Caa;ona y expect it lfo assume; and there is no doubt that
err ox}gceous matter 1s competent to effect the change from
&asosm e todcarbonate ;.'but whether it would do so in such great
: bes, and over so \-v1de a field, is a matter of considerable
oubt. Moreover, this theory requires a iati
o : constant association
_carbonaceous rocks with the ores such as we do not find
existing in nature. We often find th i
. ; € ores separated by wide
rom any rocks which contain a i
i perceptible amount of
—intervals so great that no i
i i : possible effect can have
xerted. It is not probable th
b g e ki € that the carbon of, or the
ating irom, a coal situated at a distance
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above the ore, can have had any influence upon it; and this is
the relative position they often occupy.

It is also extremely probable, or almost certain, if the
change had been effected in this way from peroxide to carbon-
ate, that it would not have been perfect in every instance;
some local interruption would have interfered, and we should
sometimes find places where the ore was in its original con-
dition, or only partially changed to the carbonate. No such
specimen, showing an alteration from peroxide to carbonate,
has ever been found in this region by any member of the Sur-
vey, but in every instance it is found as the unaltered carbon-
ate, or showing change from carbonate to peroxide.

Another theory is, that the ore beds are continental rock,
pseudomorphs of carbonate of iron after limestone, or, in other
words, that all these deposits were once beds of limestone—
now changed to iron ore. It supposes that the iron was dis-
seminated through the shales which bad been deposited as a
ferruginous mud above a bed of limestone. By a process of
segregation, probably acting through the agency of carbonated
waters, the ore has been separated and carried down upon the
limestone, which in its turn was dissolved and carried away.

We should expect, however, under the conditions most prev-
alent at present, that the iron would be precipitated as the
peroxide; but Bischof has shown* that carbonate of iron is
pseudomorphous after carbonate of lime, and that it is depos-
ited where free access of air is prevented through an excess
of carbonic acid or other cause. Either the exclusion of the
air or the presence of an atmosphere largely composed of car-
bonic acid must, therefore, have been the condition which
enabled the deposition of the iron as carbonate.

This theory explains very satisfactorily the manner of occur-
rence of a certain large class of the ores of this region, known
as the “limestone ores,” as will be shown more fully hereafter;
but it is improbable that the others can have been formed in
If all were thus deposited, we should expect to find

this way.
: g to beds of limestone; but the fact

them frequently changin
*Chemical and Physical Geology by G. Bischof—English edition, vol. I1, 5I. s




6 REPORT ON THE IRON ORES OF

time of this precipitation, and as to the condition of the ore
when first deposited. The feature for which it is most difficult
to account, is the occurrence of the ores as carbonates.
Under the circumstances at present prevailing, we should
expect the ore to be precipitated from solution as a peroxide.
The waters which originally held the iron in solution must
.have been of wide extent, for we find some of the ores extend-
ing over large areas, sometimes covering hundreds of square
miles; but whether these waters were oceanic in character
or large, shallow, fresh water lakes, is not well settled. Ii’:
seems probable, from the occurrence of certain plant remains
which are occasionally found in the ores, that the waters were
sballow and fresh; but, on the other hand, there are occa-
sional organic remains which are apparently of marine origin.
\Vlhence also the oxide of iron was derived, which the waters
afterwards spread in so even a coating over the bottom, must
be left to conjecture. Itis a problem of no small difﬁcti]ty to
account fc?r. its so general dissemination and subsequent regu-
lar deposition. One theory holds, that the ore beds have all
been deposited originally as peroxide of iron, and subse-
quently changed to carbonates, through the ag;renc of the
c.’ftrbon:.iceous matter of the interstratified coal beds yand that
dlsser‘nmated through the associated shales and cla, s
ThlS. t.he(?ry has in its favor the fact that it is baZe;i upon
ilefsrsﬁ;[i)lltat::{n of 'Ehe iron in the condition which we should
Carbonace)c’)us prscztlt to assume; and there is no doubt that
g o atter i1s competent to effect the change from
# o carbonate ;. but whether it would do so in such oreat
asses, and over so wide a field, is a matt f i I
doubt. Moreover, this theory re ,uir R COUSlde_I‘a?) :
of carbonaceous rocks with the greseZu?:hCO;SStant ;SSOC?E‘OS
G s we do not fin
Xisting in nature. We often find the ores separated by wide

cks which contain a perceptible amount of
great that no possible effect can have
not probable that the carbon of, or the
nating from, a coal situated at a distance

been exerted. It is

carbonated gases ema
84
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above the ore, can have had any influence upon it; and this is
the relative position they often occupy.

It is also extremely probable, or almost certain, if the
change had been effected in this wiy from peroxide to carbon-
ate, that it would not have been perfect in every instance;
some local interruption would have interfered, and we should
sometimes find places where the ore was in its original con-
dition, or only partially changed to the carbonate. No such
specimen, showing an alteration from peroxide to carbonate,
has ever been found in this region by any member of the Sur-
vey, but in every instance it is found as the unaltered carbon-
ate, or showing change from carbonate to peroxide.

Another theory is, that the ore beds are continental rock,
pseudomorphs of carbonate of iron after limestone, or, in other
words, that all these deposits were once beds of limestone—
now changed to iron ore. It supposes that the iron was dis-
seminated through the shales which had been deposited as a
ferruginous mud above a bed of limestone. By a process of
segregation, probably acting through the agency of carbonated
waters, the ore has been separated and carried down upon the
limestone, which in its turn was dissolved and carried away.

We should expect, however, under the conditions most prev-
alent at present, that the iron would be precipitated as the
peroxide; but Bischof has shown® that carbonate of iron is
pseudomorphous after carbonate of lime, and that it is depos-
ited where free access of air is prevented through an excess
of carbonic acid or other cause. Either the exclusion of the
air or the presence of an atmosphere largely composed of car-
bonic acid must, therefore, have been the condition which
enabled the deposition of the iron as carbonate.

This theory explains very satisfactorily the manner of occur-
rence of a certain large class of the ores of this region, known
as the “limestone ores,” as will be shown more fully hereafter;
but it is improbable that the others can have been formed in

If all were thus deposited, we should expect to find

this way.
e fact

them frequently changing to beds of limestone; but th
*Chemical and Physical Geology by G. Bischof—English edition, vol. 11, 5I. “
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is the.lt cerFain of the most regular and persistent strata of o
m.thl's region have never yet been traced to a replacement rfe
1t}ms kind. They are occasionally found fossiliferous, and somcc)a-
alsmes vgr)(; calcareous; but.they.always maintain their identity
ore be s,.and hold a uniformity of character and thickn
Is)uch as the .hmestone ores do not possess. They seem to h;vS:
s}f;;ed;fgﬂ;;f as layers or beds of carbonate of iron in the
rocks were Il)aided::\inno“;tf?g i the;’? : an;i S T
ceive of the conditions which Wrzilde;l(l)o Sonf] i dlfﬁCUItY_t? i
carbonate instead of perox; i gt
segr;lsl to be little dofbt th;cieito:vzz Ss(; vc\l”eieo;ltlegrea; g
Ul another class,-known as the nodular or kidney ores,

bonated waters,

aItThe. evuilence of the effect of atmos
€ration has been
already stated
Ss;verful agencies; but there are some
: il:gone a rearrangement, such as cq
y this alone. It muyst be the result

It is one of the most
of the ores which have

same that has so often

* For a fuller dis i
| discussion of the dj :
ores, see Lesley’s Ir, Srenerent theories in
e on Manufacturer’s Guide, page 633!'2%1!:1 ¥ the formation of the carbonate
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to is shown by many of the ores, but most perfectly by certain
of the upper block ores. It is the concentric arrangement of
the layers of limonite, which are often fibrous and nearly pure,
and the segregation toward the center of the silicious and
earthy matter, which was evenly disseminated through the
whole specimen before the alteration was begun. Specimens
are frequent showing the change at all stages.
It seems to have taken place from the outside. The car-
bonated water gaining access to a specimen on all sides by
means of the cracks and seams which abound in the ore, dis-
solves a portion of the carbonate of iron, which, not being pro-
tected from the influence of the air, is changed on the escape
of the free carbonic acid to a peroxide, and deposited at once
as a layer of limonite surrounding the center of carbonate.
The carbonated water dissolves readily, carbonate of iron,
lime, and magnesia, but has little influence upon alumina and
silica. The iron is precipitated, the lime and magnesia are
mostly carried off in solution, but the silica and alumina not
being affected, are gradually separated toward the center, being
surrounded by successive layers of limonite, until finally the
iron of the whole specimen is changed to limonite, and we
have a hollow ball of ore, in the center of which is a mass of
silicious clay surrounded by successive layers of limonite.
Of course, during the progress of this change, before it is com-
plete, the carbonate of iron in the center grows more énd
more silicious. Many specimens have been found showing
this to be the case, and showing the successive increase in the
proportion of the silicious matter in the center as the change
is nearer completed. The analyses of many of the ores in
which these features are most common show a decidedly less
per centage of lime and magnesia and a r}mch greater per
centage of metallic iron in the limonites than in the carbona.tes,
thus corroborating this theory of the method of alter'fltlon.
This process is of the greatest benefit to the ore; by it the
per centage of iron is materially increa-ls:e.d, su.lphur,. ].1me. and
magnesia partially removed, and the silicious impurities s€pa-

rated in such a way, that, after calcining, they can be large?;
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removed by screening. It is much more complete than any
,artl‘ﬁc1al process. It has the disadvantage, however, of ren-
der-llng ltrhe ore brittle and shelly, so that jt crumbles to pieces
casily after calcining, and a good d it i
! eal of it i
iy g s wasted as fine
All of the ores are not altered jn this way. Many of them
se i
as:imt t((::l) llljave been acted upon by the air alone, or only slightly
3 sted by other causes. These show a simple oxidation;
metimes in concentric layers; but thejr structure is quite,

. . l l

T'hey show a less increase j
no marked removal of im
to limonite. The lower

e in 'the per centage of iron, and

purities in the chang

i ge from carbonate
ores are of this class more gen-

a number of analyses, t

these is only abo i
i y ut half that in some of the other ores,

GENERAL DIVISION OF THE ORES.

II.
The ores of the region under consideration, which all belong

to the same general mineralogical class and geological position,

differ considerably, as already shown, in their external appear-
ance, chemical composition, and the circumstances of deposition.

Three general divisions of them are recognized, and will be
described under the names commonly applied to them. They
are,

(@) The limestone ores.
(6) The block ores.
(¢) The kidney ores.

These names are often arbitrarily and incorrectly applied;
but they are sufficiently accurate and comprehensive for our
purpose, and they possess the additional advantage, that, in
their sequence, they approximately represent the geological
position, as well as the external appearance.

The limestone ores are so called from their association with
limestone, being usually found resting upon it.

The block ores are named from the peculiarity that they
possess of cleaving into sharp, square-cornered blocks, as they
are raised by the miners.

The kidney ores are so called from the shape which they
usually assume.

(@) THE LIMESTONE ORES.

Properly speaking, the name limestone ore is applicable only
to an ore which is deposited upon, or very near to, a limestone ;
but often the ore occurs at the same geological level, in the
same position, with reference to the overlying and underlying
rocks, over a field wider than the associate limestone. In this
case the name is still given to the ore. :

Owing to their comparative purity, uniform character, rich-

ness in iron, and the ease with which they are worked in thae9
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furnace, these ores are valued more highly by the furnace men
of this region than either of the others. They occur both as
limonites and unaltered carbonates (or siderites), and each of
these shows modifications which are rare in other ores.

The limonites of this division are found (1, and rarely) as
lightish brown, semi-concretionary ochreous ores, and (2, more
commonly) as a dense, dark red, close-grained ore, giving red
streak and powder, but containing about the same per centage
of combined water as the other. When of this character, it is
often full of seams and crevices, which have been filled with
calcite, and it is apt to adhere to the underlying limestone.
This variety is known as red limestone ore, and is the most
valuable of any found in this region.

The following analyses will serve to show the chemical com-
position of this variety of ore. In some of the specimens the
process of oxidation has not been completed, and there re-
mains a considerable proportion of carbonate of iron; but the
samples were taken to represent the ore as fairly as possible,
as it is actually mined and paid for by the furnace operators.

These analyses, as well as all the following, unless otherwise
specified, were made by Dr. Peter and Mr. J. H. Talbutt,
chemists of the Survey. :

TABLE I—LIMESTONE ORES—Limonites.

1 2 3 4 5 6 7 8 9 St B
Peroxideof iron .. . . .| 60.576 g

glarbqnate g TS, 15.253.6.7-.85.9 4?:%23.7.2..95. .4.9'770 o ol 1o 1 féigi S 1o
Br:l):a;ln:x.iée'of:n;a;lg"an‘es-c 2.860 x.xgg 5.580| 1.660| 6.315| 3.160| 2.680| 6.017, 4:523 4.155 I.044
Carbonate of manganese , Ntz . 9 e ..57-2 = ..64.0 1 115 s f Bigan i “trace. it o
&:Bg:::::g;:?e ;- -|trace. | .1z0l 2r.240] .380f .380| 180 trace. | .tso| 7.480 38| .28
Phospborts aC‘dgnesm.. . .619] 1.275 2.g904 .083] .115 .919 .425 .758 .440[ .osof .381
St s e e 632l .143 .371] .s00f .537] . .115|  .057| .570| .oB4| 161
Siliga b i‘nslol.bl. it not est.not est.not est -178/not est. not est. .264) .105| .089] .270 .852
bt wal:r esilicates ;24650*15.560 7-860| 15.160| 33.200| 2.60 6.560| 25.450| 15.730| 12.650] 25.930
..... 7-040/%12.903| ¥6.599| 8.452 9.020| 11.280| 10.000| 10.300| 8.772| 10.800[F11.74T

v o SRR
. .. * + |¥90.000(30Q. OO}0O, 000|100. 010( 99. 66! 99-839/100. 084/ 100. 518/100. 000|100 159|100.000

Metalliciron . . .
Binbis -n. %% . . + +| 49-995| 47.501| 39.0235| 51.070 34.739| 56.148| 56.028| 40.285 41.357) 50.176| 42.144
e i YoEs L et g3 SRep N et .107|  .042| .035 .108] .34I
..... .27 .062] .161 .218 .234 026 4050 .024, .231 036  .o70

*And loss.

No. 1. Sample of limestone ore from Hood’s Run, branch ot

Tygert Creek. Ore used at Raccoon Furnace.
= :
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No. 2. Limestone ore from head of Two Lick Creek, Kenton
Furnace. .

No. 3. Limestone ore from Coon Fork, Kenton Furnace.

No. 4. Limestone ore from Shover Drift, Kenton Furnace.

No. 5. Limestone ore from Powder Mill Hollow, Kenton
Furnace.

No. 6. Limestone ore, cabinet specimen, best quality, Boone
Furnace.

No. 7. Limestone ore, cabinet specimen, picked to represent
the best by Mr. A. R. Crandall, Assistant of the Survey, from
land of S. Warnock, Tygert Creek.

No. 8. So-called slate ore, occupying the place of the lime-
stone ore, ridge between Cane Creek and Wilson Creek,
Hunnewell Furnace.

No. 9. Limestone ore from Hood’s Creek, Bellefont Furnace.

No. 10. Limestone ore from the Graham bank, near Willard,
Carter county; average taken from the stock bank at Willard.

No. 11. Limestone ore from Brush Creek, Pennsylvania Fur-
nace property.

All of the above analyses, with the exception of Nos. 6 and
7, were made from average samples taken by myself.

It will be seen that in the average samples the per centage-
of iron varies from 34. to 51. Silica, alumina, lime, and mag-
nesia are present in exceedingly varied proportions. Silica
and alumina are always present in appreciable quantities, but
the lime and magnesia vary exceedingly. The amount of sul-
phur is small; so small as to have little or no influence upon
the ore, unless, perhaps, in the case of No. r1.

The amount of phosphorus varies widely, and in some ores
is present in sufficient quantities to make a ** cold-short™ iron.

The unaltered carbonates or earthy siderites occur (1) as
amorphous, dense, close-grained ore, varying in color from
light brown to dark blue, and commonly known as “ blﬂu.e.hme-
stone ore,” and (2) as a light-colored, coarse-gralined OO].lth ore
called ““grey limestone ore.” It consists (?f grains of siderite,
embedded in a light-colored silicious matrix. It is more com-

monly found associated with the ferriferous than with the sul;;
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~carboniferous limestone. It is highly valued and much used;
but it is apt to become suddenly poor in iron and very calca-
‘reous, and the character of the ore is such that this change can-
not be readily detected by the eye.

The following table of analyses will show the composition of
some of the limestone ores, siderites, of this region:

74ABLE II—LIMESTONE ORES—Siderites.

I , 2 3 1 5 6
*Peroxide of draps. e e 4.410 ’ 5.945 27.296
§ 4 .29 26.240 | 12.78 I.
Carbonate of iron . . . . .| 6r1.220 65.018 | 44.242 27.5‘:1 32.28‘; go.;g
Aluming, o0 S SEET 2.260 I.060 1.560 9.021 11.968 1.779
Carbonate of manganese.. . .150 2.33% .842 .270 .465 .00
Carbonate of lime . G 4.480 2.720 6.580 2.320 21.128 2.730
C)arbonat? of magnesia. . . trace. 9.038 1.046 2.838 .691 144
Phosphoric acid. . . . . . .313 <255 732 .4;9 377 -421
Sulphuricacid . . . . . | not est. 1.280 4.587 .116 '267 491
?‘111ci1_andl insoluble silicates.| 21.260 | 10.260 | 11.160 25.180 19'730 25.430
“Combined water and loss. . : p : X
ST st el il I E s i e
o PR AR e S .309 :
ELORELISeC o o oS S 100.000 | 100.000 | 100.000 | 100.000 | 100.000 | 100.000
Metallic i
Sll(]:p"hlll:".l.r(in“ Tz eie | 82-577 | 35.540 | 40.465°1 " 31 so81] s T 36.627
" o A il 533 1.855 .046 .107 .196
STy T S o .136 JIII .319 .217 .164 184
t

No. 1. Limestone ore from Old Orchard diggings, Boone
Furnace, Carter county. Average sample from the whole bed
~exposed.

No: 2. Ore from Horsley bank, Boone Furnace, Analysis of
<a ce:bmet specimen of the undecomposed carbonate,

No. 3 Average sample from the ore at Horsley bank, Boone
Furr?ace. Only a comparatively small amount of ore v,vas ac-
~cessible at this point, and it is not unlikely that it may have
been unusually sulphurous—more so than the general average

~of the bed.

No. 4. Blue limestone ore from b
- . ank of Tygert Creek, about
tw;r miles above Iron Hills Furnace, Carter };%unty.
¥ h?. _(51 Grey limestone ore from J. P. Jones’s drift, near
shland, Boyd county. Average sample; ore at this place

much more calcareous than usual
\92 ;
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No. 6. Grey limestone ore from Mt. Savage Furnace, Carter-
county. Average taken from ore at the stock pile by Mr. ]J.
A. Monroe, aid of the Survey.

These analyses show a much greater and more constant
proportion of lime and magnesia than in the limonites. Sul-
phur and phosphorus are also somewhat larger.

GEOLOGICAL POSITION.

The limestone ores occur at several well-defined levels; but
there are two beds of greatest importance. The first is also-
the lowest ore of this region. It rests upon the sub-carbonif-
erous limestone, at the base of the coal measures of eastern
Kentucky. The other ore rests upon a limestone which has
been called the ferriferous limestone by Andrews in the Ohio
Geological Reports—a name which will be retained. In addi-
tion there are several small beds of minor importance which
occur above the ferriferous limestone, but they are of local
range, and have small value compared with the others. They
will be referred to hereafter. The ore of the sub-carbonif-
erous limestone will be known as the lower limestone ore; that
of the ferriferous limestone as the upper or ferriferous lime-
stone ore. The special description of each of these beds will’
be given hereafter; but this much of a description has been
given here, as it is necessary in order to properly discuss the
geographical range of these ores, and to the correct under-
standing of the position of the other ores to be descrll?ed.

The limestone ores present a greater variation in thickness,
and more sudden changes, within a short distance, than any
other ore of this region. They vary in thickness from a few
inches to as many feet; but the rule usually hf)lds, that the
thicker the “pocket” or “roll,” the less is its horlz.ontal extent.

There are, however, marked exceptions to this, as, for in-
stance, at Boone Furnace, in Carter county, vs./h'ere, at the head
of Grassy Creek, on the ridge forming the d1v1de. between the
waters of Tygert and Kinnikenick Creeks, the llmest.one ore
occurs very regularly from fifteen inches to two feet in thick-

ness, and often much thicker, in wide pockets.

At the Graham.
93
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‘bank, near Willard, Carter county, this ore is found in the usual
rolls, some of which measure two to four feet in thickness.

The limestone upon which the ore is deposited presents an
exceedingly uneven surface, being full of ridges and depres-
sions.

Into them the ore seems to have settled in greatest quantity,
growing thicker over the depressions in the limestone, and
thinner over the ridges, until the top of the ore often presents
a series of ridges and hollows which are the reverse of those
‘in the limestone. The following sketch will show this feature:

. At some places it might be supposed that the ore had flown
into the pre-existing irregularities of the limestone in the
‘plas.;tic condition of a recent chemical precipitate. This sup-
‘position might explain the fact if we found the top of the ore
‘prc_asenting an even surface; but this is rarely if ever the case.
It is gsually uneven and irregular, as shown in the cut above.

[his supposition is therefore probably untenable. The more
probable theory of formation of the limestone ores is, that they
have been formed, in most cases, by a segregation of the iron
'fr_o'm the shales and clays above the limestone after their depo-
sition. The iron in the form of a carbonate, held in solution
by str.ongly carbonated waters, has been carried down and
deposnec'l upon the limestone, which was partially dissolved
and 'camed off by the waters which deposited the iron, thus
forming the depressions and irregularities in its surface which
have been already described.

This theory of deposition by segregation from the overlying
F(?cks accounts most fully for the following marked peculiar-
:::(sieonf tlu: litx)nestone ores; the irregularities of thickness; the

c d¢ :
e ot s s e . S o
; omparative freedom

“from S : .
i coarse silicious Impurity, and the fact that an increase
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in thickness is not, as in the block ores, accompanied with a
corresponding deterioration in quality and increase in the pro-
portion of sand intermixed,

It furthermore explains the presence of the thick beds of
fire-clay in which barely a trace of iron remains, which are so
often found above these limestone ores. Marked examples of
this occur at Amanda Furnace and on Pea Ridge, between
Hunnewell and Pennsylvania Furnaces.

The most common impurities of these ores, which serve to
lessen their value at places, are chert (or flint) and lime.

The chert is more commonly associated with the lower lime-
stone ore, which rests upon the sub-carboniferous limestone,
than with the ore of the ferriferous limestone. Where present,
it is of great injury to the ore; for a very small per centage of
chert interferes seriously with the easy working of the ore in
the furnace. Lime, on the other hand, is of no injury, save
that, by acting as a diluent, it reduces the per centage of iron.
The variation in the per centage of lime present is very great,
and the change from a rich ore to one more calcareous, from
a calcareous ore to a ferruginous limestone, takes place very
suddenly. This change is more apt to occur in the siderites .
than in the limonites; for the agents which have effected the
alteration of the ore seem to have also removed the greater
proportion of the lime present.

Much of the low-grade calcareous ore, yielding from fifteen
to twenty-five per cent. of iron, is now refused by the furnace
managers at any price, for the reason that, although they know
it could be used profitably as a substitute for lim.es-tone‘: as flux,
they have no cheap and réady means of determining its value..
Another reason is, that the ores vary so suddenly in composi-
tion that the proper proportion to be used in the .furnace
charges would be constantly subject to change. Thelr va.lue
‘an only be accurately determined by off:e-n r'?peat.ed ch.emlcal
analyses; and as yet there are no facilities in this region for
having such work cheaply done. .

There are large quantities of these low-grade limestone

! g > o
ores, or ferruginous limestones, now either left unmin .
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thrown away in selecting the ore, which, had each furnace the
means to cheaply and quickly determine their value, could be
made a source of profit.

(6) THE BLOCK ORES.

The feature which gives the name to these ores has been
already stated. They occur in regularly stratified beds at
certain well-defined geological levels, with a uniformity and
persistence which is much greater than in either of the other
classes of ore. The different beds maintain a remarkably
uniform character and thickness over large areas, presenting
few of those sudden changes which are so characteristic of
the limestone ores. Some of them hold their quality, thick-
ness, and geological position over a large territory, hardly
varying forty feet in distance from a given datum, or six inches
in thickness in many square miles. The beds vary greatly
among themselves in quality and thickness; having for com-
mon characteristics the feature to which they owe their name,
their cleavage into cubical blocks, and the fact that the most
common impurity is silicious matter in the form of coarse sand
mechanically intermingled.

The beds of ore usually occur resting in clay and bitumi-
nous shales; sometimes upon a coal, and sometimes with a
sandstone overlying.

Ofter} a series of kidneys, nodular masses or segregations
of ore, is found in the shales above the bed of block ore, lying
thfckest close to the bed, and growing thinner above. When
this is the case, the kidneys are usualvly of better quality than
the block ore. More rarely the place of the bed or plate
of' block ore itself is occupied by a series of these kidneys,
lying regularly at the proper level, but not forming a con-
nected layer. The beds of ore seem to have been deposited
after the underlying rock, and before the overlying, while the
:-f;ef}?:?g;iga;zzd’ perh;ps :at the timg, perhaps ?.fterward,
ek noticeagle fl_;s mud which formed the overlymg shale.

ature of the block ores that an increase

;r; thickness is usually accompanied with an increase in the
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amount of sand intermixed. This fact is so general, that it
can almost be taken as a rule, with few exceptions, in judging
the value of block ores—the thicker the bed the leaner and
more sandy the ore, and vice versa, the thinner the bed
the richer the ore. It seems that the amount of iron held in
solution by the waters of deposition at each level was con-
stant, and where deposited quietly, the resulting bed of ore
was thin and comparatively pure; but where the water was
disturbed, and held mechanically suspended silicious ingre-
dients, it was thicker and leaner.

GEOLOGICAL POSITION.

The geological position of the block ores is between the
two limestone ores already described. No block ore which is
more than a local deposit of very limited range has been found
above the level of the ferriferous limestone. The most reli-
able and valuable bed of block ore occurs at from seventy-five
to ninety feet below the ferriferous limestone. Ranging from
sixty-five feet below this to fifty feet above, a number of other
block ores are locally found. This group will be known as ths
upper block ores, and the principal member of it as the mai
block ore.

The next level of the most reliable block ores is about tw >
hundred and fifty feet below, at from forty to sixty feet above
the sub-carboniferous limestone, or where this is wanting, the
Waverly sandstone. There are a number of block ores near
this level, some as low down as fifteen feet above the lime-
stone, and some extending as high as one hundred and twen-
ty-five feet.

These will all be known as the lower block ores.
levels there are occasional beds of ore, but they are usually
local, and will be described by their local names.

The block ores, like all the othérs of this region, are found as
limonites and unaltered carbonates or earthy siderites. 'I"he
different beds vary so greatly in appearance and .cherr.ucal
composition, that a general description cannot well be given
here, but must be left to the discussion of the separate beds.

9%
COAL I.—7

At other
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When unaltered carbonates, the appearance of ores from the
different beds does not vary much, save as the presence of
more or less coarse sand gives them the “rough’’ appearance.
After their alteration to limonite, however, they appear very
differently. The upper ores are then dense, of a dark red-
dish brown color, with the cubes into which the ore cleaves
weathered in a spheroidal shape, semi-concretionary, and hol-
low, the interior of them frequently containing small stalac-
tites of limonite, and almost always more or less silicious and
earthy matter, which, before alteration, had been evenly dis-
seminated through the whole mass, but not being soluble in
the waters which dissolved and re-deposited the oxide of iron,
had gradually segregated towards the center, and been sur-
rounded by the pure limonite.

The lower ores, on the other hand, retain their cubical frac-
ture: are dull, yellowish brown and porous, formed of a mass
of irregularly curved layers of ochrey limonite, holding the
silicious matter disseminated through the whole mass almost
as generally as before alteration. Some of them are occa-
sionally micaceous. Occasionally, while undergoing this pro-
cess of alteration, a bed of block ore will be so completely
changed as to present the appearance of, and be difficult to
distinguish from, the true kidney ore. - When this is the case,
it is often called kidney or “kidney-block ” by the miners.
A bed of this kind can usually be distinguished from a true
kidney deposit, to be hereafter described, by the following
characteristics: 1st. The ore lies at a uniform level, while
the true kidneys are often scattered through a number of
feet of shale or rock. 2d. On careful examination one or
two plane faces can be found on each fragment, showing the
surface of contact with the adjoining ore. The block ores
vary in thickness from one or two inches to several feet;
but the most valuable beds, those of the best quality and of
most reliable extent, are usually from four to ten inches, and
occasionally thicker; but, as before noted, the additonal thick-

ness is gained at the expense of quality, when a bed elsewhere
thin becomes thick.
98
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QUALITY.

The lower block ores, taken as a rule, are inferior to the
upper, in the less per centage of iron, and the greater propor-
tion of impurities.

The following tables of analyses, by Dr. Peter and Mr. Tal-
butt, will show the comparative composition of the lower and
upper block ores, both limonites and siderites:

74BLE III—~LOWER BLOCK ORES—Limonites,

I 2 3 4 5 6 7 8 9 10

Peroxide OFSR .. 5 L b 54.530| 50.206] 41.390( 40.739| 56.670| 59.950| 41.556 36.985| 44.876| 42.56
*Carbonate of iron. . ., , . . . . AN siehh o onlvoe sol B3 S5 . ol o ol sale wiadibe ¢
y o R R 2.120| 8.317| 6.777] 8.030 4.405| 5.230 8.604 5.508] 4.083].. .,
Brown oxide of manganese.. . . . FEa U .180  .422 «180f, . .Bl. . .. .00l .abol, ..
‘Carbonate of lime. . ., .. . . .040| .380| trace. .380| trace. | 4.58| .180 .520| .9gol.. . .
‘Carbonate of magnesia. . . . . . 1.823 .201 .065 .254 .883 o 34315 ' oy +533] *357|« s o @
Phoephibriciacilly .°, . .. . % .908  .767| .579] .038 .337] .842| .88z SIS e e .
Sulphoteacid. . ., ... ... .336]  .356] .54 .177 .130 .837] .8s1] .x16] .133]... .
Silica and insoluble silicates. . . . | 28.360| 28.820 40.380| 37.220 19.480| 16.600| 38.160| 46.760| 39.080|. . . .
‘Combined water. . . ... .. . 10.90of 11.760f 9.700| ¥7.600| *9.377| . . . .| 10.100 8.330 9.850). . . .

2ol RS SO R ) 100. 397/ 100.607| 99.225/100.000(100.000| . . . .[100.333| 99,159| 99.785/. . . .
) LR e SR 38.171] 35.00 | 28.973| 29.816] 44.736| 41.965| 29.080| 25.889| 31.413] 20.792
L e AR O 134l .142| .066] “.o7z| .obo| .335] .340| .046] ~ .047fs + « =
L R S S T «428  .339] .252] .o16| .147] .367] .358] .160| .072f0. ..

*And loss.

No. 1. Ore from Louder’s bank, near Kenton Furnace,
Greenup county. '

No. 2. Ore from Thompson’s bank, near Kenton Furnace.

No. 3. Ore from Allen bank, near Kenton Furnace.

No. 4. Block ore from Perry’s branch of Tygert Creek;
€ast slope of Garvin Hill, near Olive Hill, Carter county.

No. 5. Block ore from the outcrop in the road, west side of
Garvin Hill.

No. 6. Block ore about ninety feet above the limestone, from
the old road across Garvin Hill.

No. 7. Lower block ore from Hood’s Run, branch of Tygert
Creek, Raccoon Furnace, Greenup county.

No. 8. Rough block ore from below the principal lower
block ore, Shelf Fork of Raccoon Creek, Raccoon Furnace.

No. 9. Ore from J. Downs’s Oldtown Creek, Greenup coun-
ty; ore used at Buffalo Furnace.

No. 10. Rough block ore, the upper of two exposed on

Darby branch of Clay Lick Creek, near Buffalo Furnace. .
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All of the above are from average samples taken by myself,
The analyses of the lower block ores, unaltered carbonates

or siderites, are as follows:

TABLE IV.—LOWER BLOCK ORES—Siderites.

I 2 3 4

Feroxide of;iron & BorlS LS i B B A 4.989 9.734 6.500 8.648
Carbonate of iron @il Fiois Ferise iRl Sl 62.321 | 47.391 | 44.678 54,773
Aldming. /- - e IR et el RS R 7.901 4.197 4.178 7.800
Carbonate of manganese. . . . . . . . . . . . X221 .346 trace. 1.204
Carbonate of lime. . . . . . . St eia vl 12000 5.220 2.230 3.780
Carbonate of magnesia. . . . . . . . . A .222 7.893 1.903 3.088
FPhosphoriciapidsie i sl (s 0 B ICEBE . .684 J121 .204 447
Salphuriciacid 8 il SRR T S G oS b .206 LIS .250 .298
Silica and insoluble silicates.. . . . . . . . . . 10.740 | 20.230 | 36.880 20.250
Combined waterandloss . . . o + o o . . . . .816 4.717 32970

sDotaliv 4% ¢ 08 kv 54 oo e e ® « « o o 100.000 | 100.000 | 100.000 100.250
Metallic fron, /.2 S as T e i ad il e * ¢+ | 33.348 | 29.685 | 26.073 29.851
SUIphar i I ontamis o Al A R S 2 Rt et .082 .06 .104 105
EROSPHOTYE. S v Sho e Rt vy e B .298 .052 .089 -195

No. 1. Blue lower block ore, near J. M. James’s, Dry Fork
of Little Sinking Creek, Carter county.

No. 2. Blue lower block ore, from near Wm. Everman’s, on
Sammy’s branch of Barrett’s Creek, Carter county.

No. 3. Lower block ore from Womack’s bank, Oldtown
Creek, Greenup county.

No. 4. Blue block ore near the place of the limestone ore,
Alcorn Creek, Raccoon Furnace, Greenup county.

Analyses all from average samples taken by myself,

It will be seen, on comparison of the preceding tables, that
the average per centage of iron in the limonites is 33.50 against
29.73 in the siderites. The sulphur and phosphorus are nearly
the same in both, while the carbonates of lime and magnesia
are much greater in the siderites than in the limonites, the
other ingredients remaining about the same in both.

The analyses also show, what has been already stated, that
the lov&'rer blc->ck ores are very silicious and poor in iron, in
comparison with the ores of the other classes. They are also

seen to be somewhat more phosphatic than the others.
100
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- The appearance and character of the upper block ores has
been referred to; the analyses are here given in Tables V and
VL. It will be noted that in Table V, analyses of limonites,
several of the specimens contain a considerable proportion of
unaltered carbonate of iron:

T4BLE V.—UPPER OR MAIN BLOCK ORES—Limonites.

b 2 3 4 5 6 7 8 9 10 1 12

Peroxide of iron... .| 57.09 | 65.657| 54.703 56.279| 64.577| 23.396| 68.928|71.502| 61.31656.84 [69.27 59.349
Carbonateof Iron. . .{. . ..}]. . .. 27,7500 v1. ). . X078 v cneis o) 204880, 3 iheie e 9.599
Aluming o0 U 4-438) 4.921] 2.30 | 4.709[notest| 4.077| 2.768| 8.567 3:537| ¢ o o]+ o o] T.957
Br'n oxide manganese| trace. | trace. .44 | trace. | 1.360 421 .290| trace.|. . . .|. ¥ .030
Carbonate of lime. . . | trace. | trace. .34 .180|  .440| 33.778| .68ol trace.| trace. |, . .|. . . .830
Carbonate of magnesia| .086 .040]  .490| .476] 820 .968|  .641] .o54] .212].. .|...| 3027
Phosphoric acid . . . .370| .893 .128] 6or| .172 .537 «249] 4066 .1660. . .|. o s .153
Sulphuricacid ., . . . .391 .590] .680| .260] .151 LI5T +748} .Bool x,009]: ¢ <}e o .gm
Silica & insol. silicates. | 26.760| 17.780 15.958| 16.930f 21.23 | 16.240| 15.240| 9.030| 10.780f . . .|. . .| 19.810
Combined water . . .| 11.7100 10.740| *7.104| *9.173/*11.25 | #5.463| 11.100| 9.500| *3.45 . . .|. . . #5.045

Tobbore e 100. I54/100. 521)100.000| 100, 000|100, 000| 100. 000|100. 643(99.905/|100.000| . . .|. . . |100.000
Metallic iron. . . . .| 39.963| 45.9350| 46.865 44.896| 45.204] 23.507| 48.249|50.051( 48.585/39.788|47. 58| 45.472
Sulphted 5300, . 156 .236|  .272 .104] .070 vOPOl L0830 . 403k e o e ke .120
Phosphorus , . . . . .161]  .391] .os55/ .262] .o74| .224] .098] .203] .072|. . .|.. . .066

#*And loss.

No. 1. Ore from Stewart’s bank, three miles west of Gray-
son, divide between Barrett’s and Everman’s Creeks, Carter

county. :
No. 2. Ore from ““Potato Knob,” two miles from Iron Hills

Furnace, Carter county.
No. 3. Ore from Poynter bank, Raccoon Furnace, Greenup

‘county. i
No. 4. Kidney ore associated with the main block ore, Buf-

falo Furnace, Greenup county. ; .
No. 5. So-called «“Kidney Block”” Ore, McAlister Point, Buf-

falo Furnace.
No. 6. So-called “Lime Ore,” the main block ore locally

thickened and very calcareous, hill three quarters of a mile

southeast of Buffalo Furnace.
No. 7. Ore from Little Martin bank, Laurel Furnace, Green-

up county; average sample by Mr. J. A. Monroe.
No. 8. Ore from old Mt. Tom, near line between Greenup

and Carter counties; ore used at Laurel Furnace; average
sample by Mr. J. A. Monroe. . 161
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No. 9. Ore from Kibby diggings, divide between Lost and
Tygert Creeks; ore used at Laurel Furnace ; average by Mr,
J. A. Monroe.

No. 10. Ore from Brushy Knob bank, Laurel Furnace.

No. 11. Ore from Osenton bank, Laurel Furnace.

No. 12. Ore from Stinson Creek, known as the *Stinson
Creek Little Block Ore;” average sample by Mr. J. A. Mon-
roe, taken from the ore at Mt. Savage Furnace stock pile.

All of the above analyses were from average samples taken
by myself, where not otherwise specified.

74ABLE VI—UPPER OR MAIN BLOCK ORES—Siderites.

I 2 3 4

EEroxiHe Ofiivon & i Ol SRR et .204 | 13.468 .276 21.270
gz]a.rbqnate BUAYOR ST ol S Rt e R 78.722 | 55.258 | 66.854 33.321
R S R AR G T B R T 2.746 .670 4.260 4.991
Carbonate of manganese, . . i Sues e i 421 060 572 trace.
CRABGINE OF TS, ;v v o o 0 D ABh o 2'250 4.880 2.460 .98
Carbonate of magnesia ., . . . . . . . SRR .380 528 1086 439
T R S A .505 4-568 4.7 .434
ey R S R S A o 1.160 1 '34 3 'Sg? 1.208
Silica and insoluble silicates., . . . . . . . . 11.340 | 15.660 | 18.360 3730
Combined water and loss . . . ., . . . [ ! 7' 2:272 2.065 1'238 5:527
B R R R N L e S 100.000 | 100.000 , 100.000 [ 100,000
gfﬁ;)a}:ill:.lfon ................. 38.146 | 36.103 | 32.466 | 30.975
e R BRI | .524 .416 .354 .483
................. .220 .200 .308 189

No. I. Blue kid.ney ore taking the place of the main block
ore; drift one mile southeast of Laurel Furnace, Greenup
county.

No. 2. Ma:in block ore, Baker bank, Laurel Furnace.

No. 3. Wilson Creek blue block ore, Wilson Creek, Carter
county; Star Furnace property.

f:ﬁ:il Blue block ore near Amanda Furnace, Greenup county.
- e above analyses from average samples taken by my-
b The analyses show that the high value which is given to

ese ores by the furnace men of this region is well deserved.

Th . . .
1k ey compare favorably with any found in this region.
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(¢) THE KIDNEY ORES.

The kidney ores are nodular masses of ore, both limonite
and siderite, which are named from the shape which they most
commonly assume. They are found scattered through the
shales and sandstones, at various levels, all through this re-
gion, but are by no means uniformly disseminated. They do not
form a continuous bed or layer of ore, save in rare instances;
but, on the other hand, they frequently occur at certain clearly
defined geological levels, and hold the same position over a
large territory. When occurring this way they are usually
scattered through from three to six féet of shale or sandstone.
Such is the uniformity and persistence of some of these ores,
that they serve as geological data from which to determine
the position and identity of other strata of ore or of coal. As
an instance of this, the two kidney ores, which serve to mark
the ‘place of the well-known Coalton (No. 7) coal, may be
mentioned. These are among the most trustworthy and per-
sistent ores of all this region.

The kidneys or nodules vary greatly in size, though there
is a certain uniformity in those of each level; so much so, that
local names are applied to the different beds, from the size of
the kidneys, and they are known among the diggers as “ Little
Yellow Kidney,” «Big Red Kidney,” &c. Individual nodulc?s
are often found of large size—several hundred pounds in
weight. In shape there is also great variation, but the most
prevalent form is an ellipsoid, considerably flattened, with
length about twice the breadth and three times the thickl?es.s.
They often assume a variety of fantastic shapes, and it is
noticed that the tendency to assume these is more marked in
those which are found in crevices in sandstone than in those
which lie bedded in shale. :

These ores are not, as the so-called ““Kidney Block Ores.,
already referred to, the result of the alteration al.ud 'prilrtlal
destruction of a-bed or stratum of ore, but each individual
nodule seems to be the result of separate deposition. They

are formed by chemical action, which segregates the carblg;
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nate of iron from the surrounding material, and, by a process
of aggregation or concretion, deposits it around a given cen-
ter. i

This tendency of a substance to separate to itself and form
concretions, is of very common- occurrence in nature in other
materials besides iron ore. In fact, it may be said that it exists
in all rocks which are the result of chemical deposition in con-
tradistinction to those which are mechanically deposited. In
some concretions a foreign substance often forms the nucleus
around which the material is deposited; but although I have
diligently examined, I have never, in the hundreds of specimens
which I have broken open, found a single well-marked nucleus
in one of these nodules of iron ore of this region. They are
of homogeneous structure throughout.

The nodules of ore very commonly show weather-cracks
running all through them, and forming various fantastic figures
on the surface. In these crevices various foreign substances
have been deposited. The most common of these is carbonate
of lime, but dolomite, gypsum or sulphate of lime, and blende
or sulphide of zinc, also are occasionally found.

Occasionally there is found at the bottom of one of these
beds of kidney ore, using here the word bed to mean the
whole series of kidneys at one level, scattered in the associate
rock as already described, a solid layer or plate of block ore,
but it is always exceedingly irregular, and can never be relied
on to extend any distance.

This bed. of ore seems to have been deposited where the
amount of iron was greatest and the waters least disturbed,
and, like the block ores, it was deposited before the overlying
shales

.The nodules proper seem to have separated from the ferru-
ginous mu'd or sand which held the disseminated oxide of iron,
fteir:iist z;r;llilé?nte}(l);tslt)}/l with its d.eposition, perh:'ips afterward.
ey y € separation or segregation of. the ore

place soon after the mud or sand was deposited, and

E)oc;:fore a great weight of overlying rocks had compacted them
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so that the separation would be difficult. That the kidneys
were formed in some cases after the associate rock was depos-
ited, seems to be pretty certainly proved by the fantastic shapes-
which they show when filling crevices in sandstone—forms ap-
parently the resultant of the tendency of the ore to assume
its normal form, prevented by the shape of the crevice.

GEOLOGICAL POSITION.

Occasional deposits of kidney ores are found, at various
levels, in the western part of this region, in the lower rocks
of the geological series, but they are usually small and of no
value, as they do not exist in sufficient quantity to be worked
economically.

The first exception to this rule occurs in the shales above
the main block ore, at numerous places west of Little Sandy
river. At most of the banks here there is more or less kid-
ney ore overlying the main block ore, and mined wi.th it; but it
is subject to great irregularities, and is not very rellable'.

It is not until we approach the level of the ferriferous
limestone that we find the kidney ores especially valuable.
Twenty feet below this limestone occurs an ore which is'some-
times a continuous layer or bed of block ore, an'd sometimes a
characteristic kidney ore. It is known by a variety of names,
such as “Lime Kidney,” «Slate Ore “w &y '?md is Fhe lowest
kidney ore of value. The horizon of the reliable kldne'y ores
may be said to begin about fifty feet abov.e the ferriferous
Below this level, with the exceptions noted, ther'e
Above this level there is
There are a few
and usually

limestone.
is no kidney ore of any value.
very little except kidney ore of szllue.
local ores, somewhat similar to the limestone ore,

: in
called limestone or bastard limestone ore, but they.;re notelS
any great quantity, and, in comparison with the kidney ores,
amount to nothing. : IV

Beginning, then, forty to fifty feet above the ferrlfero;s lén]:d
) . r
stone, the kidney ores are found up to about one hun

is di om three to six beds
and fifty feet above. In this distance fr o
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of kidney ore are found. From these probably from one half

to two thirds of all the native ore used in this region is ob-
tained. It will thus be seen that these ores are of the greatest
importance. Accurate statistics, to prove the above statement
as to the relative amount of kidney ore mined, it is impossible
to obtain, for the reason that the purchasers of ore do not all
keep a record of the amounts of ore of each kind received; but
it is believed not to be far from the truth.

There is no reliable ore, or ore of more than local extent
and value, found above the kidney ore horizon in this region,

The kidney ores, like all the others, are found in all stages.
of transition from the carbonate to the limonite. The change
goes on from the outside in concentric layers, and the surface
of these is usually of a bright yellow color, save in some of the
beds, which are more calcareous, and weather to a red color.

The quality of the kidney ores is uniformly good; they do
not yield so well in the furnace as the limestone ores, or some
of the best block ores, but they do not, on the other hand, pre-
sent such variations in quality as the block ores. The yield in
th.e furnaces, which use these ores almost exclusively, is from

these than any other ores, owing to the fact that so many of them
are §mall, a‘nd surrounded on all sides by the clay, from which
It 1s 1impossible to entirely free them.

’ g€ per centage of iron, as
shown by these analyses, is 42.309, or about nine per cent. greater
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TABLE VII.—ANALYSES OF KIDNEY ORES.

X 2 3 4 5
Peroxide of iron . . . . . i s ool ON AR 59.022 58.960 | 54.055 66.200 -
(07 T AR TR 8.82r |. 14 8' ofar s .19. . 3907
AlGIIRRS o o2 i v o e a1 '6 s o 4.236 7.191 i .282 4,920 .
Brown oxide of manganese. . . . . . g trace. 3 .380 .430”
Gaxbepate pbime. " oo v w i i .750 2.520 .430 4 p .
Carbonate of magnesia. . . . . . . . .208 1. 272 .22% tra;c;é ?;o-
Ebovpligsie caghd. . o oo o aiiaie ggi; g;g 32)6 :096 !
Spighunieacad 3200 G i oLt SE St . 2 ‘ pr i i
ili i ili .48 34430 2X.210| 30
G e T I e e
R R Sy e o Rl 100.054 | 100.000 | 99.873 | 100.176 99.484
ic i q ¥.272.]. 37838 46.34
Meta]hclron.. SRR A R 5 42:?’% 43.g;g 4 ‘ogz ‘ol -
;;L};z?lgr.ns Rl e .... .347 .229 .164 .033 .057
*And loss.

No. 1. Yellow kidney ore from Brush Creek, Buena Vista

Furnace, Boyd county. : " ,
No. 2. Yellow kidney or so-called ¢ Black Vein Ore,” from.

Straight Creek, below Buena Vista Furnace. -
I\?o%r 3. Yellow kidney ore sampled from a number of locali-

i ty.
ties on the Star Furnace property, Carter coun ,
No. 4. So-called black kidney ore, from hill back of Star

Furnace. :
No. 5. Yellow kidney ore from Mt. Savage Purna}t}ce,fC:;;t:;
county; average sample selected fromlth? ore at ttizn L;rf e
? ith the excep
stock pile by Mr. J. A. Monroe. With .
last, al? the ;i’bove analyses are from average samples taken by

myself.

;. DIVISIONS.
GEOGRAPHICAL, RANGE OF THE PRINCIPAL ORE D

In discussing the range or extent of territory ove]r v:}il;ctha;};:
ores under consideration will be found to occur,don.yal &
is considered where the ore is found above the] rallnu,cl;;d.er a5
The lower ores probably occur at the profp:;e:eare v
upper, all through this region;but most (l)) cafitably ssined
a thickness that at present they cannot b€ p
under ground by shafting.

107 -
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In fact, under the present system of mining by stripping,
-almost nothing of the ores can be counted as of value which
is covered with more than twenty feet of overlying material,
Improved methods of mining by drifting will, doubtless, event-
ually be introduced, by which many ores that are now consid-
ered as too thin to pay for drifting will be profitably worked.

In describing the area or range of these ores, the most that
-can be done is to give, with approximate accuracy, the bound-
aries of each ore field beyond which the ore or ores under
consideration will not be found, except perchance in a strag-
gling pocket or outlier. It is not intended to assert that the
ore will be found everywhere within the described fields; the
character of the ore beds themselves, and what we know of
the manner of their deposition, would lead us to expect irreg-
ularities such as do actually occur. ;

The most that can be asserted is, that in the given field
there is a strong probability that the ore will be found, if sought
for at its proper level.

Inasmuch as the dip of the rocks in this region is gentle and
regular, especially on the west, and as the western edge of
the fields is usually marked by some well-defined topographi-
cal feature, the boundaries of several of the ores lying close
together will often be found to be nearly coincident.

The area of each principal ore division will be described
here, without reference to the fact that the ores overlap each

-other, and that sometimes a]] these varieties of ore occur in
the same area.

In showing the ore fields on the map, however, a different

s¥stem will have to be adopted, which will be described here-
after.

THE AREA OF THE LIMESTONE ORES,
1. The lower limestone ore.

This ore, as already stated, is found resting upon or near
the sub-carboniferous limestone, in the western part of this

,:.fsglon. It is not, however, always present where the lime-
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stone is; and when found, it varies greatly in thickness. : This.
ore, as well as the upper or ferriferous !imestone ore, is ex-
ceedingly erratic in its deposition, often being absent over large
areas where it should be found. .

It lies in a belt or zone of which only a portion is shown in.
the map, extending in a southwesterly direction, the course of
the strike of the rocks.

It is not found in any quantity north of a line dra}wn west
from Bennett’s Mills on Tygert Creek. North of this, to the
Ohio river, there is little ore found of any kind, except occa-
sionally some block ore. ; e’ i

The western limit of this ore is the ridge forming the d1v1d.e
between Tygert and Kinnikenick Creeks. The ore het:e is
found in the very tops of the hills. Of course, when this is
the case, only a very small portion. of the whole surlface is
underlaid by the ore; but in this ridge some of the arIg:rest
and most reliable deposits are found. Tho.se _Of Boone Fur-
nace, already referred to, are in a spur of this rldge.- s

This ore extends as far south as our ol_aservatlons ave
gone; some distance beyond the field o-f Fhls map, as far a;
the southern edge of Carter county; and it is known to exten
much further. It has been found in c'ons1dera-bl.e quantities
around Olive Hill, Carter county, and in the divide between

Tygert and Triplett Creeks.

ygn the east, l;t is found no further than.the western sl9p};: 9f
the divide between Tygert Creek and Little Sandy, “Zlhl(t: nxcse,
as will be seen on consulting the map, but a short thlz aeast
from Tygert Creek; the drainage area of Tygert on
being small and the hills very steep. ¢

The limestone occasionally occurs eas ; y
Sandy slope, as at Bull's Eye Spring on Barr(;tt st.reil;,n?;Ct
on Oldtown Creek, but the ore is not usually ou’n in
with it. :

An ore is occasionally found on the' thtl? Sandytcs)lotl:)heé
which has nearly the same position with reference

ne; but
overlying block ores, and is near = V\;avelt‘ix)::ﬁ::atzter,of a
the limestone is wanting, and the ore has g5

f this, on the Little
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‘block ore of medium quality. No; 4, of Table II, analyses of
block ores, shows the composition of one of these.

2. The upper or ferriferous limestone ore.

This ore occurs more brokenly and irregularly than the lower
-ore. Its area is extremely difficult to describe, for, in addition
‘to the irregularity of the ore deposit, the boundary of the field,
until we get some distance back from the Ohio river, is not
marked by, or coincident with, any prominent topographical
feature. The limestone which gives name to this ore is very
irregular, and the ore is found often at its proper level where
‘there is no limestone below. Unlike the other, however, it
retains a good quality and is still highly valued, but it is apt
‘to be thin.

The northern or northeastern boundary of this ore field is
‘the Ohio river. Its western limit begins on the Ohio river,
-about a mile below Amanda Furnace; runs nearly west to
Caroline Furnace; from there, southwestwardly, passing a little
‘north of old Kentucky Steam Furnace; then south, crossing
East Fork of Little Sandy, and following the main divide
between Little‘Sandy and East Fork in a course a little west
of south, passes Pennsylvania Furnace and extends out on
the spurs of the main ridge toward Little Sandy. From the

the head of Wilson Creek, turns more to the west, crosses Stin-
son Creek and Little Fork of Little Sandy, near the mouth of
SFraight Creek; follows the divide between Little Fork and
Little Sandy river, nearly or quite to the head of Little Fork,
where it passes ‘into Lawrence county. This region is not

much developed, but enough has been done to prove the pres-
ence of this ore beyond doubt,
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thickness on the Williams’ Creek side of the ridge. The
eastern boundary of the ore is approximately as follows:
beginning at the Ohio river, back of Ashland, it follows Lit.
tle Hood's Creek to its head; crosses in a southwest course
to East Fork, near mouth of Williams’ Creek; up Williams’
Creek to mouth of Rush; then along the ridge between Rush
and Williams’ Creek; then down into Straight Creek, which
it crosses about two miles above the Mt. Savage Furnace;
then west of south to the mouth of Lost Creek, and thence
nearly south to the county line at the head of Dry .Fork.
The dip of the rocks in the Little Fork valley, near Wl.llarc.i,
is very rapid to the east, so that the area of this ore, which  is
regular and of very good thickness, is quite narrow in an east

‘and west direction.

In all this area the limestone is very irregular, and from
Hunnewell Furnace south to Mt. Savage, especially so. Oc-
casional patches of small extent are fouud near Mt. Savage,
and further south it is much more abundant and regular.
From Pea Ridge, between Pennsylvania and Hunnewell Fu.r-
naces, north toward the Ohio river, it is much more regular in
its occurrence 1958

As one kidney ore occurs only twenty feet below. this .lxme-
stone, and another, the first one of the great beds of kidney
ore, only from forty to fifty feet above, it will b'e seen lgllat zt
large portion of the above described field contains thc.a i n?
ores as well, and that the western border, as described, is nearly

the border of the kidney ores.
THE AREA OF THE BLOCK ORES.

1. The lower block ores.

To the west of Tygert Creek the low?r block ores e)ilt‘ir;d
over nearly the same area as the lower ll.m»estonc}a1 o;et.h limi}t,
are found nearer to the Ohio river, reaching north o tite It
of the limestone ore, although not in very great qUér;Ol())’- L
is a fact noted by Sidney S. Lyon, of the forrr;]er e rigver
Survey, that the ores seem to thin out toward t ftil it
With all the lower ores this is true, and no ore, u i
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limestone ore is reached, is found to extend in as great abund-
ance to the river as it is further back.

From about two miles above the mouth of Little Sandy a
strip, which is comparatively bare of ores, reaching three or
four miles back, extends down the Ohio river to the western
edge of Greenup county. In this, occasional deposits of block
ore are found, and it will be considered as a block ore field,
though not of great value. This thinning out of the ores is
probably due to the great thickness of sandstones which oceur
here, marking a former region of waters disturbed by currents
which deposited the coarse sandstones and interfered with the
deposition of the ores.

With these qualifications in regard to the region near it, the
Ohio river will be considered as the northern limit of the lower
block ore field.

The northern boundary is almost the same as that of the
lower limestone ores, for as one of the most widely deposited
of these is usually only about forty to fifty feet above the lime-
stone, it will not disappear toward the west much sooner. The
block ore is found on the ridge between Tygert and Kinni-
kenick Creeks, near the corner of Lewis, Rowan, and Carter
counties, where it is some fifty to seventy-five feet below the
top of the ridge.

Further northeast, at Boone Furnace, it is held only by the

the case in the region at the head and to the west of Shultz
Creek. The ore is also wanting in the region immediately
south of Springville,

On the south the lower block ores extend uninterruptedly
to Barrett’s Creek and the head of Little Sinking, and are also
found near Little Sandy, about five miles above Grayson.
Whether they will be found in the drainage of Big Sinking and
the lower part of Little Sinking Creeks, as well as in all the
heavy conglomerate region in the valley of Little Sandy to the
south, is a question yet unsettled. It is not unlikely that they

112
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are wanting, the place for them being occupied by the heavy

‘conglomerate sandstone.

The eastern boundary of these ores may be approximately
given as the Little Sandy river. Although they are occasion-
ally found further east, yet they are not abundant, and not much,
if at all, worked at the present time.

2. The area of the upper block ores.

With the same qualifications in regard to the region near it,
as was made in the case of the lower block ores, the Ohio river
is given as the northern boundary of the upper block ores.

The western boundary is the divide between the waters of
Little Sandy and Tygert Creek.

To the south these ores have been found almost to the
southern edge of Carter county. There i.s, hoY\{evgr, a‘large
region west of Little Sandy, and south of L.lttle Sinking (,‘reek,
where little or nothing is known as to their presence. There
has been no development in this locality, as th.ere was no market
for the ore, nor means of getting it out readily.

The eastern boundary does not differ very grea_tly from that
of the upper limestone ore already given, for while tl;le ll).locelf
ores average from eighty to one hur}dred feet be.low t eb 1;11
stone, and would pass below the dramage some dlstacril.ce efore
it to. the west, yet the limestone ore thins out and disappears

on the east, about the same place that the block ores pass

. . . e
under the drainage. It is sufficiently approximate, therefore,

to consider it the same.
THE AREA OF THE KIDNEY ORES. s
i 5 1 i ion 1is
The northern boundary of the kidney ores 1in this reg

the Ohio river. S Lo
The western is nearly the same as that just gglj/ebnounsdary
boundary of the upper limestone ore. Where the

i it lly the same
i i hical feature, it is usua
Bk a; the distance between

for both limestone and kidney ore, Whate: however, the
them is only from forty to fifty feet. f t};e main ridges,
ores run out toward the west on the Spur:OO two miles further
the limestone is usually found from one 13

COAL 1.—8
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west than the kidney ore. In the extreme southern part of
Carter county this ore has not been much developed, but it is
known to extend nearly to the Lawrence county line.

To the east the kidney ores extend much further than the
limestone. There is an area of many square miles in which
they are almost the only ores of any value. They are found
along the Ohio river to the mouth of the Big Sandy or Chat-
terawha river, and up that stream in greater or less quantities,
being considerably interrupted by the heavy sandstones which
there abound, to the mouth of White’s Creek. From here the
line runs a little south of west, crosses East Fork near the
mouth of Garner Creek, holding the same course to the head
of Garner Creek and a little beyond. It then turns more to
the south, crossing Straight Creek about two miles below its
head, Lost Fork about three miles above its mouth, and thence
nearly south or a little southeast to the limits of the map. In
the region to the south and southeast of this line, between
it and Big Sandy river, the kidney ores are for the most part
carried below the drainage by the dip into the Bolts’ Fork or
Eas.t Fork basin. At some places the level of the ore in this
region is above drainage, but its place is occupied by one of

the heavy sandstones which are so abundant here.
114

DESCRIPTION OF INDIVIDUAL ORE BEDS.

I11.

Having now seen the general features of the ores of this
region and their general classification, a brief description of
-each of the separate beds, or of such at least as are of import-
ance, will be given. This will show somewhat more in detail
the character of each ore, its localities of best development,
and at what furnace, if any, the ore is used. They will be
described in the order of their occurrence geologically, begin-
ning with the lower limestone ore, the first of the series.

THE LOWER LIMESTONE ORE.

The geological position of this ore has been already given
in the general description. It rests upon the sub-carboniferous
limestone, but is not found wherever the limestone is. Often
it disappears entirely, or is represented by a thin band of fer-
ruginous chert. Where we find the conglomerate sandstone or
the coarse sandstone which represents the conglomerate, com-
ing close down to, or resting immediately upon the limestor.le,
the ore is much more apt to be wanting than where a consid-
erable thickness of clay shales intervenes between. Ther.e
are some marked exceptions to this rule, however, where this
ore occurs of unusual thickness, with only a few feet of shales
between it and the sandstone.

This ore is not found to extend at its proper level beyond
the limestone, where that rock is wanting, nearly so often as
the ore of the ferriferous limestone.

Its quality is shown by analyses one to seven of the analyses
of limestone ores, limonites, and numbers one to four of th.e
analyses of siderites. More than the upper limestone ore, it
is apt to be injured by chert, and in th(-i carb01:1a.te ores sulphur
is sometimes present in quantity sufficient to injure it. 1

Taken in its general character, it is, however, a most excel-

lent ore, and deservedly holds the highest place in the eStimf,l;
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tion of the iron manufacturers of this district. It is used almost
exclusively at Boone Furnace. It is also used at Kenton and
Iron Hills Furnaces, from the banks in the neighborhocd, and
at Raccoon and Laurel, from banks on Tygert Creek, whence
the ore is hauled over the divide to these furnaces. It was
used at New Hampshire Furnace when it was in operation,
and ore from that property now goes to Kenton. It has not
been found in any quantity on the Little Sandy slope; a few
deposits which occur near the proper place for it are found,
but the ore has the quality and appearance of a block ore.
The disappearance of this ore towards the Ohio river has been
already noted. It is partly due to the thinning out and disap-
pearance of the limestone, which is present near the river only
in patches; but I am informed by Mr. Crandall, that where the
limestone does occur, at the lime-kilns below Greenup Court-
House, the ore seems to be wanting.
: In Ohio, the limestone occurs very irregularly, and this ore
Is of comparatively little importance. In Kentucky, it is one
of the most important and valuable ores of the State.
ur(;I;o ;tthz(f:;tsh‘;vneslt’ along the- l.ine of outcrop of t.he coal meas-
) arge quantities. It is found in the region
around Carter caves, and in the vicinity of Olive Hill, where it
?eems to be reliabl.e and of a good workable thickness. Still
the Bath, Cottage, and Rea(li uIgi ancef, A m‘med t(? SUPILIY
celebrated Red River p; iron it 2o producmg_ ; ei
e certfi f —an iron which has a nationa
! purposes acknowledges no superior.

THE LOWER BLOCK ORES.

thiTtht-aﬁﬁxzstf of these occurs at a distance of from fifteen to

rty-ive feet above the limestone. Its position at several
localities is shown by sections of plate No. 1. In quality and
general appearance it does not vary greatly from the other
ores of this general division. ¢

It occurs in the neighborhood of Iron Hills Furnace, on

Barrett’ i
”6rre s Creek and the head of Little Sinking, and in ‘the
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vicinity of Olive Hill. Further north it is not found, and what
its extent is towards the south,is unknown. It is not found
further east than about three miles west of Grayson, on Bar-
rett’s Creek.

Next above this, ranging from forty to seventy feet above
the limestone, or when the limestone is wanting, above the
Waverly, occur sometimes one, sometimes two beds of block
ore, which are the most reliable of this whole division, and
have given name and character to it. They are found all over
the already described lower block ore field.

When both occur, they are usually from fifteen to twenty feet
apart. It is difficult to tell, at some places, whether the lower
one of these is not the same ore as that last described, with
the rocks between it and the limestone somewhat thickened
from its normal distance of fifteen to thirty-five feet, or whether
they are separate ores. It is certain that they are both ff)und
together at very few places. The two ores just described,
however, occur together at a number of places. They are
known by a great variety of names, and the names are cban.ge.d
at nearly every locality, or else they are applied ln’(;llSCI‘lml-
nately to both. They are called «little block,” «“block, “y}ower
vein,” “lower block,” “rough block,” “big rough block, &ec.,
at different places, or as the ore varies in thickness and
«quality. .

Through the southern part of this reg Do
but one of these present, and that the lower ore. Itis mine
on Barrett's Creek and hauled to Grayson, whence the ore 35
shipped to Hunnewell Furnace. It is found also on Everrr;:'m]s
Creek. Around Iron Hills Furnace it occurs, but is very little
used, as other ore of equally good quality can be more cheaply
obtained. The ore of the McCleese bank, on Tygert Creel'c,
which has been used at both Iron Hills and Laurel Furnaces, is

jon there seems to be

probably of this bed. ' :
At Boone Furnace but one of theseis known, and 1t'occ5:u$
fifty to sixty feet above the limestone ore. [See section

Sellard’s bank and on Saw-mill branch.] It is very little used
in comparison with the limestone ore. 117
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At Kenton Furnace the block ores furnish about two thirds.

of all the ore received. This is all obtained from a bed fifty
feet above the limestone, which is the lower one of these two.
The only place where the upper ore is known is at Thomp-
son’s bank, one mile below the furnace. Here it occurs about
twenty feet above, and is said to be very sandy and “rough.”
The ore which is mined is called “the little block.” It ranges.
from four to ten inches in thickness, sometimes in several layers
of two to three inches thick, with clay shale between. Several
analyses of this ore from this locality have been given, which
show its quality. The ore above the “little block ” is called
the “rough block” or “big rough block.” This name is com-
monly given at Kenton Furnace to a coarse sandy ore, which:
occurs about one hundred feet above the limestone. It occurs.
at a number of places, but is hardly used at all at present. It
is said to vary from six to twelve inches in thickness, but to be
so sandy and so poor in iron that jt cannot be profitably used
at the furnace. [ts position with reference to the other ores
will be seen on reference to the accompanying sections. No-
ore corresponding to this one, fifty feet above the “little block,”
is known to occur at other localities.
. At Raccoon Furnace and vicinity the two ores occur respect-
ively at about forty-five to fifty and sixty-five to seventy feet
above the Waverly sandstone, the limestone being usually
fibsent. Here, however, unlike it is at Kenton, the lower ore
is lean and sandy, while the upper ore is of fair quality, and is
worked at the furnace in considerable quantity.

’Fhe lower ore has been very little mined lately on account
of its leanness. Considerable quantities of it have been dug
on Raccoon Creek above the furnace, and the benches where:
it has bef.rl (‘iug show it to have occurred quite regularly.
t\g’ehtiégzognwlll be four.ld at its proper IeveI. on other parts of

property is yet to be determined. In the table
ock ores, limonites, number eight is a

sample from this bed. It is called at Raccoon the “rough:

block ™ ore.
118
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The upper of the two ores is commonly known here as the
“lower vein” ore. It has been and is still very extensively
mined at a number of points on this property, on Raccoon
Creek, Hood’s Run, and Alcorn Creek. The benches extc?nd.
for miles around the hills, keeping the proper lfzvel and serving
for a well-marked datum for geologi'cal sect'lons, as well as
giving good opportunities to ascertain the. dip of the ro?ks.
The ore usually is from four to six inches thick, and of medium
quality. It is apt to become thick and more sandy, and nfzedfs
to be carefully watched at the furnace, in order to secure it o

erage quality. -
evzrila:nalygsisqof oge from this bed is given in No. 7,'qf th.e
table of lower block ore analyses. The geological position is

i ctions of plate 2 and 3. .
Se;?e;f; t’c};iasghio riverpthese ores are found, and sometmll-es
of considerable thickness; but they are of no better qu;l ity
and are quite irregular, as already stated. They ha.ven eé:
mined at various places in the past, but not now to any
ter;\t.t Buffalo Furnace there are two, and som.etlmesl' thr:heé
beds of these ores. The upper one is the best 1anhu.a Ltc))ll,ds ;i
thinnest, and the one which has been most used.h 1SWhiCh 3
position which seems to be considerably'above the c;;e ey
most used at Raccoon, although it is dlfﬁcu!t to te V\}:;Ch 50
tainty, for the reason that at Buffalo the dlstinl():z ;Ccurately
ore in question holds above the Waverly canno i
determined. Its position is judged by measurloag_i{ i
from the main upper block ore and the No. 13':15 t;) By
ing in this way the upper ore of'the three 1dstt nco}r/respond sk
feet higher than the ore which is supposed to T
it at Raccoon Furnace. In quality, appearance,

they are very similar. ;

The two ores below are thi
tle used. They vary from ten to fifte
An analysis of a sample taken fro}ril t
rough ores, the middle one of the three,

the table of analyses.

ck, sandy, and lean, and very lit-
; en inches in thickness.

he upper of these two
is given in No. 10 of

119,
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This bed corresponds very nearly in position, measuting
downwards, as before described, to the main, so-called, lower
vein of Raccoon; and the one still below, to the “rough
block.” The relative position of these ores will be seen on
reference to the sections of plate No. 5.

Further south, at Laurel Furnace, we have sometimes one
and sometimes two of these lower block ores. The distance
between them and the \’Vaver]y is much increased, owing to
the thickening of the coarse sandstone which represents the
cconglomerate; but the distance from the ores above remains
very nearl}f the same, and it will be seen, on reference to the
accompanying sections, that it js nearly the same as that at

accoon.

This confirms the statement that the middle of the three
ores at Buffalo corresponds to the main lower block ore. The
jvre not large.]y mined at Laure] Furnace; hence hardly’enougl}l’
b;s];encr;nté) J;;ig}e,_()f their character; but they are reported to
‘bez:nbove thfe horlzon. of these ores just described, there has

N none ound which has any great range and uniformity
until the horizon of the upper block T .
ar€ a number of beds of o) hi oy rea?hed; bu't i

%, Al s re which are of considerable import-
By descr%rbed asynaé:rlof compa'ratw-ely local extent. They
cliifeties. 1wt b Seenytr;llztposyble in the order of their oc-
several of them occur at widely

betwee
ositedn' t};em' On' the contrary, they seem to have been de-
P In local and independent basing

The first in
order, an i .
16 g d most Important of these, is the Lam-

, from the name of the former owner, the

Lambert ore i
g . Itis Séventy-three feet from the top of the sub-
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carboniferous limestone to the bottom of the ore. The ore
itself is of very unusual thickness, measuring at one face in the
main opening fourteen feet ten inches. At the main opening
on Clark’s branch it will average from ten to twelve feet. The
ore here is exceedingly clayey and ochreous; in fact, a large
proportion of the bed is ochre and sandy clay, so that this
great thickness cannot be counted as all available ore.

What the average proportion of good ore in the bed is,
there is no accurate means of estimating. The covering of
earth above the ore is very slight, so that a thorough oxidation
and alteration has taken place with a separation of the most
of the silicious matter from the oxide of iron. This natural
process has been of great benefit to the ore, as it enables that
which is sufficiently rich for smelting to be easily separated
from the sand and ochre. As it is, however, a considerable
quantity of this foreign matter now goes into the furnace,
which could be removed by a proper arrangement for washing
the ore instead of separating by hand as is now done.

At the main opening on Clark’s branch this ore is seen
at its best. At other places where it is found,it ranges from
three to five feet in thickness, apparently thinning out in all
directions. On Royster branch of Buffalo Creek it is three
feet eight inches thick, but more ochreous if p0551ble3 than at
the main opening. Beyond this ridge, between Clark’s branch
and Buffalo Creek, this ore has not been found.

Its position is so nearly that of one of the lower bloc.k ores,
that it seems not impossible it may be merely an extension and
thickening of one of them, probably the upper of the two most
‘constant,

The accompanying sections, No. 2 of Rlate 2,and Nos. 1 and
2 of plate 3, will show the apparent equivalency. ;

This may be merely a coincidence, however, f.or it is unsate
to assert an equivalency of ores at a great fi1stance apart,
unless we have more connecting links than in the Prgfe”k
case. Against this equivalency with one of the lower block

limestone and the
L) fact that between the
o erhaps two block

Lambert ore there is certainly one and p 121
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ores, one at fifteen feet, and the other reported at forty to fifty
feet above the limestone.

At a number of places, at some distance from this region,
ores have been found which are supposed to be the equiva-
lents of the Lambert ore, but they are all, so far as noted, at a
considerable distance above the proper level.

The great thickness of this ore, and the little expense with
which it can be mined, make it a deposit of great value, even
if it be of low grade, as has been commonly asserted. For the
present, and so long as the ore mined is a limonite, the qual-
ity of it as it goes into the furnace will depend largely upon
the way it is sorted and screened. It is so thoroughly disinte-
grated, and so mixed with sand, clay, and ochre, that if not
carefully treated much of these impurities will go into the fur-
nace. These with careful sorting and washing, or dry-cleaning
by machinery, would be removed, to the great benefit of the
ore, and improvement of the furnace working.

Where the ore is found as the unaltered carbonate, it is
dense, hard, and lean, with the silicious matter, which in the
process of alteration to limonite is partially separated, dissem-
inated all through it. When it comes to working this kind of
ore, it will be a matter of more difficulty to improve it by

treatment before it enters the furnace, and success in using

it will depend laljgely upon proper methods of roasting.
'The area occu.pxed by this ore has not been accurately deter-
mined, nor can it be, without a detailed topographical survey

which will show the contours of the hills with accuracy. Itis

certain, however, that there is a quantity ample to supply all
probable demands upon it for a long time to come, at prices
which will enable it to be used in preference to other ores of
better quality but higher price,

The following analyses show the quality of the limonite of

this bed:
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I 2 & 4 5 6

Peroxide of iron. s "l S 52.460 | 52.238 68.61 46.45 77.71 63.80-
Aluming Signce S oi 7.304 2.833....................
Brown oxide of manganese . trace, .130

Carbonate of lime. . . . . trace. .650

Carbonate of magnesia . . . .155 .641

Phosphoricacid. . . . . . 1.224 1.679

Sulphuricacid . . . . . . .268 TR I e, egiadn D G IS,
Silica and insoluble silicates.| 25.360 30.580 11.48 26.13 5.58 12.74.
Combined water. , . . . . 12.360 | 10.650 Seeiienbine oo Vs ko dmss. At R R re iR

e ML R e A 99 3Ll gonag il Slidat iy anidu Al ang pi i Bt

Metallic deon izl T 0 36.722 | 36.566 47.83 32.52 54.00 44.66
Sulphapti¥ el B A17 .092 .04 .04 .05 .08
Phosphorus. . . . ., . . . .534 <733 1.14 75 .56 <73

No. 1. Average sample, by Mr. J. A. Monroe, of ore from an.
unroasted kiln on the stock bank, Iron Hills Furnace.

No. 2. Average sample, by myself, taken at the main open-
ing on Clark’s branch.

The above analyses are by Dr. Peter and Mr. J. H. Talbutt.

No. 3. Analysis by Dr. C. F. Chandler, of Columbia College,
New York, of sample of hard ore from Smith Hill.

Nos. 4, 5,and 6 are analyses by Dr. Chandler of specimens.
of ore from Wilson Hill. No. 5 is hard; Nos. 4 and 6 soft
ore,

The last four analyses were kindly furnished by Mr. H. W.
Bates, of Riverton, Kentucky, Vice President of the Eastern
Kentucky Railway. They were made from specimens selected
by Mr. H. F. Q. D’Aligney, and published by him in a report
upon the property of the Iron Hills Company. As to thc' cha'r-
acter of the samples analysed by Dr. Chandler,.nothmg is
stated, but it is probable that they were single specimens only,
and that they represent the ore at its best. .

The per centage of iron shown by the first two analy§es is
considerably greater than the ore is supposed to .cont.am by
those who worked it at the furnace. The impressmP is, thatA
it yields a little less than thirty per cent. of iron in actual

L
orkmg in the furnace. 123-
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It is possible that the samples, although carefully taken, did
not contain as much dirt and clay as the average of the ore;
but, on the other hand, it can be said that no trial has ever
been made for time sufficiently long to be a fair test, with ore,
of which the weight before roasting was known, using it with-
-out admixture of other ore.

The furnace ran a few days with Lambert ore alone, but the
calculation of the yield was from the weight of roasted ore,
guessing at the loss which occured in roasting. The close re-
semblance which the two analyses bear to one another, shows
at least an approximation to accuracy in the sampling, as they
were made by different persons. It is not improbable, how-
ever, that they both represent the ore as a little better than it
really is, for there is a constant liability in sampling ores, to
take them with less adhering dirt and clay than they carry
when weighed at the furnace scales,

Much of this ore after its alteration to limonite is of an
-ochreous semi—concretionary structure, with an outside layer
of comparatively pure limonite inclosing a large core of ochre.
It was a matter of some considerable interest to know the
‘composition of this, as it is the worst of the ore, A sample
was taken by carefully selecting a large number of small pieces
-of the ochre, excluding any of the denser, purer ore. The
locality from which the sample was taken is an opening of
ithe Lambert ore on Royster Hill. The analysis by Dr. Peter
-and Mr. Talbutt is as follows :

Peroxide of iron . . , ., , , | .
Ly e S LR IS S o 6 e 4 R
Brown oxide of o5 s o 6 Al N ] AREE RS b ot 5.423
PRORSSOF S ..,y DO ER ae  aih R oh A ‘160
Carbonate of Rt & 2 Y DR e S S .36'
S e ke NGRS st e Sl S SR T 000
T rrpsRaen S T S e R Ve 1-‘:;;
Silica and insoluble pman L RO il S SO ;
T e i S OSP INE E il S 44-;23
...................... 9.
L T PR AR T 123
...................... 99.
Metalliciron,. . . . , .
L e R e T i s S A Y 26.799
R T M R e L T T S e A 436
...................... 071
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This analysis shows a per centage of iron greater than com-
monly supposed, and differs chiefly from the other ore in the
much greater proportion of silicious matter present.

The quality of the undecomposed carbonate ore of this bed
is shown by the two following analyses by Dr. Chandler, of
New York, made for Mr. D’Aligney. The specimens analyzed
were both from test shafts sunk on the main Lambert Hill,
but whether taken as carefully averaged samples or not, is

unknown.

1 2
L A L F g R b S M SRR RS P A T RIS TR S 23.91 34.37
Sil?c: l -m.) .......................... 36.35 11.31
i bl e S BRP R Rl ke € bu sl ITR A T YA SRCEe R LTS IS S R Y trace. .36
ARSI s e o< TR D e i B i R L B L e .75 1.23
T R R NR B S T B e S s R G NS e LT et

OTHER ORES OF THE LOWER GROUP,

About thirty-six feet above the base of the LLambert ore on
Smith Hill, one of the hills between Clark’s branch and Buffalo-
Creek, is a heavy block ore, twelve to eighteen inf:hes thick,
called at Iron Hills Furnace the “ German ore.” Itis a porous,
semi-odlitic ore, in the alteration of which from c.arbo.nate to
limonite the silicious matters, instead of segregating in large
quantities toward the center, have remained dlssemmatved
through the mass in small, white, irregular masses, rarely over
one tenth of an inch in diameter, thus giving to the.ore 3
speckled appearance, which is quite c'haractens.tlc o{ 1?, z:lr;t
makes it appear more silicious thar} {t really is. é is e
highly valued at the furnace, where it is supposd to be q

lean. ;
An analysis by Dr. Peter and Mr. Talbutt, of this ore, shows.

as follows : 125
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st o R PRSP AR A T S
BRI o' v T e o i 200 5 Yot AN A S ek r 51.527
‘Carbonate of lime. . . , . . . . 31 v el ey e b TR LRI Y SR t;Zce7
Souiante of oagmemie, L .u Ll b ey o L 5 & e e N 06
Eheephorie aei,"."Cs [T L) DB Bl A B . 1 g
Sulphuricacid......................: ...... Zg
e At Imoluble siljostey. -, 2 1 TR T S TASER T : . .... 26.1&5)
Water expelled at red heat . S S AL S T P g e e B : 11:700
s GOESL et B SO SRt A BT 100. 160
Matallic front. e A0y nli SRR i
Splplnr . . g0 S oS LG T gr s R i
"Phosphorus ................. L B B N AR 074
............... e o RO S TS R 762

This shows a much larger per centage of iron than is com-
mqnly supposed, and not unlikely more than the average,
owing to the character of the sample, which was probably bet-
‘ter than the average of the whole bed.

An analysis of a specimen of this ore made by Dr. C. F.
ﬁ:};]ar(lid!er,lof New York, for the Iron Hills Company, and pub-
ished in the report of Mr, D’AJ;
el E)HOWS; 1gney upon the property of that

Sites ¥ e - ........................ 4650
Sulphur .............................. 17.48
i s e S NN R S Rl O SR Vo e T 12

..................... 1.37

Nothing is said as to the
3 charact :
‘this analysis was made. fadudio sample from which

At several other p]

: places ores occur at
as this last described. nearly the same level

O . . g ;
an o’;e(‘;vir.vin Hill, west of Olive Hill, Carter county, there is
the limest1C A o ninety to one hundred feet above
it was 11;)torcl>;'en Izl Seefrgs' ¥ ]be ol ghed thickness, although
¢ sufnciently to tell exact] i

i : ? y. It is of good
lc)lluoaclll{tyt;rzs Sholwn i .th.e a}nalyms, No. 6, of the table of lgwer
analyses, limonites, What is its ekteRt Taliit,

*ca]ity is not known: ;
; 1t was only seen at
o4 one or t S,
Above the Principal outcrop of j B

surface ore limonite o
: ’ of the best qualjt i
to its place, It may be that & q ¥, which was not traced

126 is from the upper portion of

GREENUP, BOYD AND CARTER COUNTIES. 49

the bed just spoken of. An analysis of a hand specimen of it
made for Mr. K. B. Grahn, of Riverton, Kentucky, and kindly
furnished by him for publication, gave 53.9 per cent. of iron.

The so-called “big rough block ”’ ore of Kenton Furnace,
already referred to, occurs at nearly the same level as this.

An ore on Oldtown Creek, on the land of Mr. J. Downs, an
analysis of which is given in No. g of the table of lower block
ore analyses, also occupies very nearly the same geological
position.

On Cumming’s branch of Everman’s Creek, on the land of
Messrs. Means and Russell, is a deposit of hard ore which is
seen,about three feet in thickness, in two outcrops at some dis-
tance apart. The ore lies in sandstone, which is thin-bedded
and shaly above, coarse and heavy below. It is hard, dense,
apparently calcareous, and poor in iron. It is, nearly all of i,
the unaltered blue earthy carbonate, being very little changed

to limonite even at the outcrop.
The analysis of an average sample taken by myself is as

follows :
BERIRotiran e L O R e e R R L g 255
B AR e SR A 1 T e MR R R S R 46. 89%
Sy e e Sy SRCTCRRUESRERNG RAR g T RE DE (ET R BTt e R RSB S e 7(6)"
SR AR S e O S SO R T R LA (e 12.4 g
Lo s TR R RS S L S I s R S S .258
H T PR N R e e I R e B 42 19cle
T AR SR N AR e SR e 23.530
St A dvinEolubla silicabest o ibaifs ok 3 i 1 ae e a e e e A 3 5§|
R il T ' 1 R e A e et e U ﬂ_
BRBCABWELRS . 4 i, St 18 B GV MO G800 iy el SR IR B s Pl B B 100.000
P S S A ARG TS (S B O s R ONR SR 29. ';(7;
P e O R G v T OB R e S I T T 5

This analysis shows the ore, although lean, to be be.tter than
generally supposed. The considerable quantity of lime pres-
ent is noticeable. By roasting properly,the per centage of iron
can be raised sufficiently high in the roasted ore to. CEftaml}’
make it pay for working. So far it has never been tried in any

furnace,
127
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The exact geological position of this ore is not certainly de-

termined, for the reason that in taking the section at this place,

no good datum or starting point was obtained; we only know
approximately the place of it. The ore is from ninety to one
hundred feet above the bed of Everman’s Creek, which is sup-
posed to be not over twenty feet above the top of the limestone,
and it may be much nearer. This ore‘is called the “fox den”
ore, from the place where it was first discovered. It has never
been found, to my knowledge, except on Everman’s Creek, It
seems, however, to be a regularly bedded deposit here, and
will doubtless be found in considerable quantity.

On the same branch of Everman’s Creek is an exposure of
an ore, which occurs about one hundred to one hundred and
five feet above that just described.

This is not the proper place for its description, for it is not
next in geological sequence; but as it seems to be local, and
its position is well shown in the section with the last described
ore, the proper order will be in this case neglected.

The ore, so far as seen, is all limonite, of open structure,
homogeneous in character, not at all inclined to be concre-
tionary, sandy, and ochreous,

It shows a thickness of three feet six inches, and perhaps
more. The analysis of it by Dr. Peter and Mr., Talbutt, made
from a sample taken by myself, is as follows :

T AR ’ .................. s 51.223
Carbonate of lime., , , | | LA e S T A e TS A 7.I
Carbonate of RN, . .. e v SHTRRRNRE e a3 0 I W G ”‘“3”;
e T R, U T S S SR S TR S .48‘
IR . -« .. ... ST SR SN e G .ooé
e SRR L T RS G S i -4
Combined water. ., , . R e .............. 33‘23;3
o s R ORI S Y ——_1:0-:;2—6
Metalliciron . ., , ,
L AR R E [ T A SR R S e B 36.136
Duiphime i TR O S LT S PR ‘Ogg
------------------- 'I

t§ ]};hls analysis shows the ore to be quite rich enough in iron

i e valuable, but the Per centage of silicious matter is un-
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fortunately high. The ore was seen at but one outcrop, and
the structure and appearance of it at this place seemed to indi-
cate that it is a local thickening. It has not, however, been
prospected enough to furnish a basis for a reliable judgment
as to its extent. i
Returning once more to the description of the ore beds in
their proper order and to the Iron Hills properz:’y, we find oc-
curring next above the so-called «“ German ore,” a layer of ore
which is called the ‘“ crown ore.”” This is also found, and found
only in this region, in Smith Hill. It is twenty-one feet above
the ““German ore,”” and about one hundred and thirty feet above
the top of the limestone. It is a block ore.of rather better th.an
average quality, showing the semi-co.ncretlonary structure with
the curving ochreous layers, which is so chara:cter1§t1c of the
lower block ores. It is about fifteen inches in thlck'ness, of
which the upper half is of good quality and the lower is sandy
and ochreous. An average sample was taken from the upper
portion of the bed for analysis, which resulted as follows:

S 2.736
e T R R e St R L S IR R S B s Sl 53.’5;4
C NI AR i e M O H SR R AT ks -320
SRR S O ARG - o e AR e k8 e e e ie e e trace.
SERRRRERCHIE. . - oo bilah iy ANNTaLal siaTiad ¢ o R (s o el .065
D R e L SRS S SR e b B SR .8o0
e B S A s b S G S R e .170
LT s R R R P TR e R S Y 31.840
Sihica and insoluble silicates. . «. . o o o000 e oo e e 10.700
Rabinevater., v o R e e el e e e et e Tmiie. (b e A0
......... 100.326
1 el SRR R e S (R N S TR
....... 36.815
LT e N S I (G S ST TR AT RS L N - 349
e R e T A s St .068
e i THECRRH IR SEREIN O g N PN RS TR S

This shows a good workable per cten.tage.of iron, fhn; ::;
enough of phosphorus or sulphur ’c.o injure it, but ;a Ao
much silicious matter. As stated, this ore has been ounb ; y
on Smith Hill, where it occurs about tv&fenty-foux: f?e]t eei oS\:v)
the top. Other ores which occur near this geological level,

. t
far as they can be placed, are as follows: a bed of ore, no

: lity, on
seen, but said to be quite thick and of very good quality o

COAL I.—q.
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the Boone Furnace property, at the head of Smith’s branch
of Buffalo Creek, in the divide between Buffalo and Tygert
Creeks; a rough block ore on the south branch of Everman’s
Creek; another on Elk Lick branch of Tygert Creek, above the
Iron Hills Furnace property, and a block ore of good quality
on Whetstone branch of Barrett's Creek. These are not much
worked, and in most of the cases the thickness and quality of
the ore had to be taken from the report of persons who had
seen it.

On the Laurel Furnace lands, about one and a quarter miles
southeast of the furnace, is a bed of ore resting upon a coal.
The ore is the blue unaltered carbonate, quite sandy and lean
in appearance, but it is not so much so as to render it worth-
less. The thickness was not seen, but it is reported to be
from one to two feet. The coal below is reported to be one
foot in thickness.

It is not intended to assert any equivalency in these ores;
they are only described together because they are near the
same geological level,

Further north, on the Raccoon Furnace lands, an ore is found
a little above the position of these last described, which is
called the “‘slate ore.” It is seventy-nine feet above the main
lower block ore, and about one hundred and forty-five to one
hundred and fifty above the Waverly sandstone. It has been
mined at a number of places in this region, on Hood’s run,
at the head of Raccoon Creek, and below the furnace; but to
mothing like the extent of the main lower block ore.

None of the banks of this ore have been recently opened,
‘consequently, the quality and thickness cannot be given with
‘certainty; but the probability is, that the ore is lean or it would
thave been more extensively mined, .

A thin block ore, only from one to two inches thick, which
‘occurs at Laurel Furnace in the Baker bank section, occupies
very nearly the same place as this last described ore with ref-
-erence to the ur}derlying block ore; but the distance to the
Waverly is considerably increased, This ore has been erro-

:;iously referred to the level of the Lambert bed.
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This properly closes the list of the lower block ores, but
there are one or two ores of local importance which occur
between this level and the upper block ores. The most impor-
tant of these occurs on Raccoon Creek, on the Raccoon Fur-
nace lands, Greenup county. Its normal distance above the
main lower block ore is one hundred and thirty-five feet. It
rests in clay shales, containing a considerable amount of bitu-
minous matter, under a layer of close-grained sandstone, which
is used at the furnace for hearth rock. The ore is coarse-
grained carbonate of very good quality, and is remarkable for
the number of casts of s#gmaria which occur in it. The
thickness is said to vary from two to twenty-four inches. It is
more irregular in thickness than the block ores generally, but
does not present the changes of quality which they so often
show. It is known only in this vicinity; at other places it has
not been found, although often sought for.

The following is an analysis of this ore by Dr. Peter and Mr.

Talbutt :

sabonue ofdron ", oS N0 ol A T R AR e U R 64-2:1
e O S N T N S T L Sl S T N S : .414
Gl S ORGSR S KU R B L R G T PR BC L Pe I : 340
NEhonate of limel's o3 et Ll i L Tiand s SR RSN VRIS 1 o NTVES Van Tk el SLIeY e '836
C T R e G WO R R :217
Ehpsnedeiacid: (V08 Lin L T ARl SR R e R e & A AR e .563
LTt R R S S U AN AR R B L Sl B 20.310
SlERaEd o hble filicites. S TL TR L L e o S 4.252
L R RS N L Rl S

R B Lt SIS e L s, Ll T e P O i

.62

L R A P ST I I S SRR S = 09;
e TR ETRNESE iy R SR AR B UL .225
Slﬂphur ...............................

There are some other local deposits of ore in the space
between the lower and upper block ore series, but thesy are
usually poor and of small extent, and hardly j;vorth desc;_rE.ttltolz
here. Taking the greater portion of the region west o lt 5
Sandy, we find a space of from one hundred and fifty g
hundred and forty feet between the two block ore horizons,

. i most
which is comparatively bare of ore beds. In this space 7



54 REPORT ON THE IRON ORES OF

of the local ores which have been just described occur, but it
will be noticed that they do not all occur at one place; on the
contrary, where one or two of them are found, the others seem
to be wanting. It is possible that upon more careful and intel-
ligent prospecting, the ores which are now supposed to be local
will be found over the whole field, but there is a presumption
against it,

Above this belt of non-ferriferous rocks we come to the
horizon of the upper block ores. These occur at several levels,
all of them within a section of one hundred and twenty feet.

The upper block ores differ from the lower in that they are
usually thinner and of much better quality. They furnish to
Raccoon, Buffalo, and Laure] Furnaces their principal supply
of ore, and to most of the other furnaces now in operation in
this region,a greater or less quantity.

There is one of these that is of the most value and the
greatest regularity of occurrence, which has been called the
“main block ore.” This has associated with it at different
places one or two other beds which, although valuable and
of uniformly good quality, do not have anything like its range.

These will be first described, as the most important of them
occurs at some distance below the main block. This is an ore
bed which is pretty generally found over all of the upper block

ore field south of Laurel Furnace. It is from two to ten inches
thick, and generally of most excellent quality. Its usual dis-
tance a:bove the sub-carboniferous limestone, or when the lime-
Stone is wanting, above the Waverly sandstone, is from two
hundred and fifty to two hundred and ninety feet, and sixty feet
below the main block ore. North of Laurel Furnace it rarely
occurs, although it is possible that the ore which is found
below the Old Tygert drift, at the head of Alcorn Creek, on
the 'Raccoo.n Furnace property, may be its representative. In
the immediate neighborhood of Raccoon Furnace the place of
the ore is occupi.ed by a coarse heavy sandstone. At Laurel
iy . Is quite regularly. It is the ore
principally mined on the ridge between Lost Creek and Crane
Creek, towards Hopewell, and at Far Mt. Tom at the head of
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Crane Creek. Itis also found at the Stewart bank, between
Barrett’s and Everman’s Creeks, three miles from ’Grayson,
and at the Potato Knob bank at the head of Everman’s Creek,
two miles from Iron Hills Furnace. .It has no local names
except at Laurel Furnace, where it is callec.l‘the “chlfor.y
Flat,” or “ Far Mt. Tom” ore, from the localities where it is
in greatest abundance. .
{Olirtlsd;eo%lgogical position will be seen from the sections sh(l))wllng
the upper block ores in this region. [.Xbout fifteen feet be ow
the main block ore, in some of the hills bef:we?n Everman’s
Creek and Little Sandy, is a bed of ore which is reported to
be thin and of excellent quality, but it l:.;as not been found over
by any member of the Survey. ' :
anngci:riztmaeriiwyto tﬁe principal bed of this d.ivismn, the Elam
block ore. The appearance and qual'ity Of.thIS ore haveb e:lasrl
pretty well described in the general discussion of thefore ]ese;
Part II, and the composition shown by two table‘s o anla(zrical
of samples from a large number of localities. The geo Obsec_
position of this ore will be seen from the accompanimgelow
tions, which show its position with reference to tbe roc sCl th(;
All of the first series of sections are west of L’lttle San ’I)‘rl,]ose
region of greatest development of the blockt oircflzz.of ol
showing the rocks above were ta%cen on the' east s R
Sandy—some of them at a cons1d'erable d1stal1zce I;I, sk
the ore has been brought by the dip of the rocks nearly

f the drainage. 4 :
le‘iilvs(r)illtbe seen fr%)m these sections that this E?e VfiZteSalf)I:\:
three hundred and ten to three hundred and tyn be deter-
the limestone or Waverly sandstone, where g | ialmdred and
mined, It is from two hundred and forty to tWOA 1decr%\se in
ninety feet above the main lower block o aLt Buffalo Fur-
these distances will be noticed i.n the‘ S:ectlons It is greater at
nace, where the distance is at its mm1mum-t r to the south at
Raccoon to the north, and considerably greate

5 . 1 ue to the
Laurel Furnace and beyond. This last mc:re}ii.s?1 is dresent 3
: ; andstone, which 1s p
thlckenmg of the conglomerate s 6 som’e of the branches of

Oldtown Creek,at the furnace, and %
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Everman’s creek. This ore is about thirty-five feet above the
No. 3 coal, and the two hold this relation over a wide area,
The coal is found at Raccoon, Buffalo, and Laurel Furnaces,
and at one locality on the head of Barrett's Creek; but in the
most of the region south of Oldtown Creek it has not yet been
discovered, but probably will be, when sought for in the proper
place. East of Little Sandy, however, the coal and ore are
shown together in a large number of places;and this occur-
rence together, often serves to identify them both, and gives a
reliable datum point for sections of the rocks above. It is one
of the best marked and most regular geological associations of
this region.

This ore is found at its proper level above drainage, over
from two hundred and fifty to three hundred square miles in
this region. The total area of the ore is of course nothing
like so large as this, for the very tops of the hills, in a portion
of this region, are only covered by the ore, and the area of
the valleys and the slopes of the hills below the ore is much
greater than that of the ore itself. It has been, however, orig-
inally deposited over all this region, but has been since carried
away by the slowly acting erosive agencies which have cut out
the valleys,

The best development of this ore is in the ridges between,
and at the head of, the branches of Little Sandy on the west.
It is in this region that Raccoon, Buffalo, and Laurel Furnaces
are situated. They draw their ore from banks on the neigh-
boring hills. Toward the Ohio river, as already noted, the
ore seems to be wanting. It is first found in any quantity at
the head of Alcorn Creek, and between Alcorn and Raccoon
Creeks. South of this, in the drainage of Raccoon, Clay Lick,
and Oldtown Creeks, this ore is at its very best. It is of uni-
formly goc‘)d quality, and lies so near the tops of the hills that
the overlying earth ang shale does not soon become too thick
to be cheaply removed.

At Raccoon Furnace the ore has been mined for over forty
years. The Company, Raccoon and Brown banks on this prop-

erty, have furnished many thousand tons of ore. It is of very
134
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good quality, although at the Company bank it be.com?s quite
calcareous. It varies from seven to twelve inches in thickness,
and is occasionally thicker. Often scattered kidneys are found
in the shales above. When this is the case, the kidneys are
commonly of better quality than the block, especially if it be
of unusual thickness. :
At the Brown bank a thin coal is found above the ore, with
the intervention of a few feet of shales. The coal is six inches
thick; above it is four feet of shale, and then eight feet of sand-
stone, which is full of impressions of Zepidodendra. The usual
roof of the ore is a clay shale. Mining has beerf carrlfad on so
long at these banks that the ore in them, wl.lich is available by
stripping or benching as it is called, is becoming exhausted, and
it is now necessary to drift for it. ; :
At Buffalo Furnace, the principal banks where this ore is
obtained are south of the furnace, between Clay Lick a.nd Old-
town Creeks. Here the ore is often in two beds, with from
one to three feet of shale between. The kidneys occur above
the upper of these with a good deal of regulari?y. The lower
of these two ore beds is very often quite thick and sandy,
while the upper bed and the kidneys are uniforml'y of good
quality. It is said by the miners, that where the kldneysdare
large and numerous, lying thickly packed -together, thl: un tc;r-
lying block ore is apt to be thin; and vice versa, wllereh. ke
kidneys are small and scattering, the block ore is usually thick.

At a bank near the furnace, the ore shows another of the

changes to a locally calcareous deposit. An analysis of this is

given in No. 6 of the table of analyses of upper blo'ck ores.
The change is accompanied by a consi-derable thlckenll:g: e

Laurel Furnace is supplied with this ore fr01'n ban -s) ir 3
directions from it. On the north the Buck Smith, Bakcrl’iank
other banks, have furnished large amounts of b T}'ll(]3 'ulfi_
Smith bank is now worked out. The Bake.r Hetrnls Stfl . yleall
ing a considerable amount, which is Obta'med i v tlrlgt'ime
the ore which is available by benching having been some

5 . Itered

since exhausted. The ore now obtained is ale rtnheﬁ\:l:io ten
- es Iro

carbonate, of very good quality. It rang 135
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inches in thickness, and rests upon a coal of about six incheg
thickness.

An analysis of the Baker bank ore is given in No. 2 of the
table of analyses of upper block ores, siderites. There are
numerous openings of this ore near the head of Oldtown and
Lost Creeks, and on the Tygert Creek ridge. One of the best
known of these is called Mt. Tom, and is near the head of Lost
Creek. Other banks are opened on the ridge south of Old-
town Creek below the furnace.

This ore at Mt. Tom is of most excellent quality. It lies so
near the top of the hill that it has been all altered to limonite,
and in the process converted into the so-called “ kidney block”
ore, in which the blocks into which the stratum weathers, are
changed to a semi-concretionary form, with the silicious and
earthy impurities separated into the center.

On the Everman’s Creek hills this ore is found regularly at
its proper level. It was opened at a number of places in the
time of the operation of old Pactolus Furnace. On the divide
between Everman’s and Tygert Creeks, within a short distance

of Tygert Creek, this ore is opened on a hill called the Potato
Kf)ob, one of the highest of this region, and the only one in
this vicinity which is high enough to hold the ore. The ore
obtained from this bank is used at Iron Hills Furnace, distant
therefrom about two miles, It has the same character as the
Mt. Tom ore, being all limonite, of a dark red color and excel-
le'nt quality. Instead, however, of being one thick bed, the ore
}V]th a total thickness of from eight to twelve inches, is split up
Into two or three layers, with a small thickness of shale be-
tween: An analysis of this ore, as well as of that from Mt
Tom,.ls given in the table of analyses of upper block ores,

!1momtes. Between Everman’s and Barrett’s Creek this ore
is finely shown at the Stewart bank. Italso occurs at the head
(I)j: I?arrgté Creek, and on the divide between Barrett’s and
axifjt Eaillr:c{l“zg t(}:ll:i:isl-ro I(t; is ngned considera:bly in this region
i ad at rayso.n for §h1Pment. Fur.th(?r

, ¢ drainage of Big and Little Sinking Creeks, it is
reported to be present, but has not been much developed.
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The probability is that it will be found there v‘.rherever .th'e
ridges above the conglomerate are sufficiently high; for it is
found in abundance, at its proper place on the east side of Lit-
tle Sandy, some distance above these Creeks. :
East of Little Sandy this ore occurs with great regularity
over a large field, but is carried down by the dip of the ro?k.s,
and overlaid by numerous other ores. As a general rule it is
thinner on the east of Little Sandy than it is on tl.le west.
Moreover, the slope of the hills is such that the strippmg soon
becomes too deep for profitable mining, an.d, as the higher ores
are of equally good quality and often th1ck§r.. the- bloc.:k ore
Nevertheless, it is mined in con-

assumes a minor importance. ' 18 mine 1
In this region it is usually

siderable quantity at many places.
called the “little block " ore. ; ey

Beginning, then, at the southern part of this refg'lom mCt ®
valley of Little Fork of Little Sandy river, near W illard, ar;
ter county, we find the ore well developed. It has not }ife
been largely mined in this ncighborhood, but whenever it has

been sought for in its proper place, it has been found. It has

SR is oion—
been opened at quite a number of places in thls‘ 1‘(]3;3 i
2 e < B AQ O ag
enough to ascertain its presence. If it is present it P
been much mined below Mt. Savage Furnace, on 2 g

es
Creek. Above the furnace, howeve{‘, and on lthc b‘;?]mi? o
from the north, this ore is found quite regularly, un

{ . > rocks.
carried below the drainage by the dip of thc1 rof v ety
On Stinson Creek it is quite abundant, and of very g

i ity arried to
quality. It is mined in considerable quantity and-c} s
Usually it is from three to eight in

Mt. Savage Furnace. i No. 4 oF theirable

thick. The quality is shown by an

i ites.
of upper block ore analyses, limonites L atity;
ng\Vilso11 Creek the ore is found in conslﬂ}crabll)e qrilaminZd
; ee
usually thicker than on Stinson Creek. It has

: he unal-
until nearly all the limonite has been eth};ﬁe)d» 321(i1t:’1§f it is
tered blue carbonate is now only found. blockt gres, siderites.
shown by analysis No. 3 of the upper at Star

: . 5 erly used
The ore obtained from this region was for\r,]\lforl}(’s at Ashland.

T n
Furnace. It now goes to the Norton Iro 137
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On the upper part of Cane Creek this ore is not much
mined. Lower down, near Hunnewell Furnace, it occurs quite
regularly, and at many places all that is obtainable by bench-
ing or stripping has been mined.

On Turkey Lick Creek the ore is found quite regularly;
also, between Hunnewell Furnace and Little Sandy River.

On Brush Creek, a branch of Williams’ Creek, on the Buena
Vista property, the ore is found at a number of places, but it
has not been mined to anything like the extent that it has been on
the Little Sandy slope. This statement may be made a gen-
eral one. Although the ore is found at a number of places on
Williams’ Creek and its branches, it is nowhere so valuable or
so regular as on the immediate branches of Little Sandy.

On Sandsuck and Culp Creeks it is found, and has been
mined in large quantities for Pennsylvania Furnace. Its qual-
ity is about the same all through this neighborhood. It thick-
ness is also quite regular, ranging from four to eight inches.
The No. 3 coal has been opened at a large number of places,
almost always holding its proper distance below, and serving
as an additional evidence of the identity of the ore.

In the valley of the East Fork, below Williams’ Creek, the
ore has been considerably mined, as also on Indian Run and
Ash Creek. In the neighborhood of old Steam Furnace there
are a number of banks where it has been and still is worked.
West of this and east of Lijttle Sandy river, below the mouth
of East Fork, there does not seem to be a great amount of this
ore., This is probably the eastern end of the barren territory
along the Ohio river; for east of this the ores extend to the
banks of the river in as great abundance as found anywhere.

.At An}anda Furnace, on the very bank of the Ohio river,
this ore is found in unusual thickness,

. It measures from ten
to twelve inches, and sometimes thicker,
~obtained. This is a coarse-grained ore, somewhat silicious,
and rather below the average of this bed, as is shown by No.
ses of upper block ores, siderites. At
a number of fossils, a feature which is
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exceptional in this ore. It is not far abo.ve the leve'l of high
water-mark in the Ohio river. East of this the ore disappears
below the drainage. :

There is no ore of any importance above the main bloc_k
ore, for a distance of from sixty-five to eighty feet. A't this
level occurs an ore which has been referred to already.m the
description of the kidney ores. It i.s known by a Yarle’t,y of
names, such as ‘ slate ore,” “lime kidney,” “grey lime, _&c.
Itis usually found about twenty feet below the ferriferous lime-
stone. It is sometimes a regular block ore, but o.ftener occurs
as a kidney deposit, and generally of good quality. It dl;)es
not occur with the regularity of many of the other ores, ut,
on the other hand, it is considerably more than a local deposit.
It is found quite generally in the region around Bellefont Fur-

nace, on Hood’s Creek, Chinn’s branch, ar‘1d around Carolm.e
On the Pennsylvania Furnace lands it

and Steam Furnaces. e

is found at the head of Culp Creek and other places. /
curs on Williams’ Creek, Buena Vista Furnace property, an
also on Straight Creek. Around Hunnewell Furnaée 1tkse§2i
to be frequently wanting. On the head of C;inek r;aee ) i
Furnace property, it is well developed as a block o r.t ir
found at a number of places on the Mt. Savage property,
is well developed around Willard, Carter count}; EEABRAT O,
An analysis was made of an average sample of thi ’

the head of Cane Creek, with the following result:
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THE UPPER OR FERRIFEROUS LIMESTONE ORE.

This ore has been already described, in some detail as to
-quality and manner of occurrence, in the general description,
and a number of analyses given.

Some discussion of the geological position and the distribu-
tion will be all that is necessary here. It rests upon the fer-
riferous limestone, which holds a place in the general section
-about four hundred feet above the base of the coal measures,
Its normal distance above the main block ore is about ninety
feet, although it varies somewhat.

The limestone and its equivalency have been already de-
scribed in the report of Mr. Crandall. Itis rarely over five feet
thick, and oftener thinner, frequently disappearing altogether.
The ore is usually overlaid by a heavy bed of white marl or fire-
clay; and when, in the cases already referred to, the limestone
is absent and the ore extends beyond the area of the lime-
stone at the same level, the fire-clay is almost always present
above the ore, and often serves to identify it.

Beginning at the Ohio river, below Amanda, the ore is found
in the hills along the river back of, and to some distance
above, Ashland, when it becomes irregular, and is only oc-
casionally found, or when found the limestone is wanting. Mr.
Crandall féund the ore as far up the river as Key’s Creek, but
it is not in any great quantity, as it seems to occur only in
small detached beds, in which the ore is quite thin and only
of medium quality. Although the limestone is wanting, the
characteristic white clays are still found above the ore.

Back of Amanda the ore and limestone occur quite regularly,
underlying a large part of the so-called “ Flat Woods,” in the
neighborhood of Bellefont and toward Caroline Furnace.

Back of Bellefont Furnace, in the valley of Hood’s Creek,
and towards East Fork, the ore is found quite regularly; but
east of Hood’s Creek the limestone thins out and disappears,
and we then have only occasional patches of the ore with

-associate white clay,
Large quantities of this ore have been mined for Bellefont

‘Furnace, in the valley of Hood’s Creek, but the stripping now
140

GREENUP, BOYD AND CARTER COUNTIES. 63

necessary in order to reach the ore has become so deep, that
the kidney ores are more profitable to mine; so that the pro-
portion of limestone ore now received at the furnace is not so
great as formerly. At Amanda Furnace the ore is overlaid by
two or three beds of fire-clay of different quality, some ten to
fifteen feet thickness in all. This clay is largely used for the
manufacture of fire-brick at the Bellefont works, and for pot-
tery in Cincinnati. Lo

As it is quite valuable it pays for the stripping, .anq thu.s
the ore can be profitably mined, even when the stripping is
carried to the unusual depth of twenty to twenty-five fe'et.
At one of the benches back of Amanda the following section

was shown:

Feet. Inches.

(o8
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No.zﬂre-clay........................:
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Nolﬁre-clay........................:.“
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Top of ferriferous limestone.
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Around Caroline and old Steam Furnaces, and in the hills-
to the south towards East Fork, on India'n anc‘1 Ak Crﬁeﬁs,
this ore occurs very regularly, and usually in quite heavy beds.
The ore has been mined in this region for.nearly ﬁfty‘ years,
however, so that all, or nearly all that is available by stripping,
has been removed. There is an abundant sup'pl_y o thde i(t)ri:
yet remaining, but it will have to be won by drifting, ﬁn L,
nearly all the blue unaltered carbo.nate. It is rsiirze s
ciently thick to pay for drifting, ranging frqum OB Tohis Was the:
and occasionally higher, at some of the banks. furnaces when
ore relied upon for the main supply at thes? blllgst upon the
they were in operation ; but they went out O hey supposed,
exhaustion of the limonite, not being able, as t eybscmpalze ore
to successfully use in charcoal furnaces the blue car

: iron. :
for the production of a coarse-grained fO}Jnde EET
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Across East Fork, on the Pennsylvania Furnace lands, this
ore is genetally found at its proper level. As at Bellefont
‘however, the proportion of limestone ore obtained in the past
‘was greater than at present, for the supply available by strip-
ping has been nearly exhausted, and as yet it has not been
smuch drifted for, The principal deposits are on the ridge
between East Fork and Little Sandy, but best developed on
the Little Sandy side. This holds good along the whole
length of this ridge. South of this furnace, at the head of
Culp and Sandsuck Creeks, on Pea Ridge, as it is called, the
‘ore is well developed and has been extensively mined. It is
now mined by stripping twenty to twenty-five feet of overlying
fire-clay, shale, and sandstone. Both the ore and the limestone
-are mined, the limestone being used for flux at the furnace.

The ore here is overlaid by a series of fire-clays very similar
'to those at Amanda. As yet they have not been put to any
profitable use. The time will doubtless come when they will
‘be made a source of profit.

The limestone here varies from two to five feet in thickness,
-and the ore from four inches to twenty, with an average, so far
"as seen, of about eight. South of Pea Ridge, the limestone
-ore is somewhat irregular and uncertain., It is found at a large
‘number of places along the ridge, between Williams’ and Cane
Creeks, but is not now mined in any great quantity.

It occurs at the head of Brush and Straight Creeks, on
‘the Buena Vista Furnace property, and in small patches, well
“down toward Williams’ Creek, but the limestone s generally
wanting and the ore is of minor importance. Around Hunne-
‘w?:ll Furnace it is well developed, and has been considerably
mined, more in the past than at present, as the supply of lim-

hot use the carbonate. There are large quantities of the car-
‘bonate ore in this region, which could be profitably obtained
by drifting if there were any demand for it.

West of Cane Creek the ore occurs without the limestone,
;and is kn?wn as the slate ore. It is of good quality, as shown
2}2’ analysis No. 8 of the table of analyses of limestone ores,
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limonites. Toward the head of Cane Creek, and on Wi ilson
Creek, the limestone ore is rarely found. On Williams’ Creek,
above Rush Station, it is found sometimes as a dense calca-
reous ore, but with no underlying limestone. The ore consists
of a light-grey calcareous matrix inclosing small sub-crystal-
line specks of a darker color.

An analysis of an average sample, taken from the Star Fur-

nace stock pile, is as follows :
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At other places on the Star Furnace property the ore lose.s
this calcareous nature and occurs as a thin block o FHEOA
is known as the ‘““slate ore” or ¢ little block.” .ThIS-IS another
instance of the careless and incorrect R i nE%lmes
are applied to the ores all through this region. On VY: son
and Stinson Creeks the ore seems to be generally wanting ?1:
if it be present, it has been very little worked. Furt;lgx;rzci)uht
in the M. Savage Furnace region, on the branches o . g i
Creek, the ore and limestone are found’, o O}T'Cur::r:g %’Ts
ularly and in patches. The limestone is usu‘?lly t in’ B
more uncertain than the ore. The so-called “grey lm] ead
ore,” or “limestone kidney ore,” s hasﬁbeegee?{)elovzf’
described as occurring from fifteen to sy Vi r quantity
the limestone, is here more regular and in greie tq in the
than the limestone ore itself. Still further Zoi;eeisré has a
tegion around Reedville Station and Willard, egularity and
fine development, and occurs with as great reg =
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thickness as anywhere in these counties. At the Reed and
Graham banks, and many other localities, it is extensively
mined. East of Willard the ore is carried below the drain-
age by the dip of the rocks, while to the south, up Little Fork
and Dry Fork, the change of dip which here occurs, carries it
rapidly up and gives a large outcrop area above the drainage.
This is one of the most promising undeveloped localities in
this region. The ridge between Little Fork and Little Sandy
is the western boundary of this ore.

The Graham bank is situated upon a spur of this ridge.
The ore here shows from one to three feet thickness, and
sometimes is even thicker, all of most excellent quality. An
analysis of ore from this bank is given in the table of lime-
stone ore analyses, limonites, No. 1o,

The ore is found in very promising outcrops at the head of
Little Fork of Little Sandy, and on the head of Cherokee
Fork of Blain Creek. [ am informed by Mr. Crandall that it
also is present in considerable quantity, and quite regularly,
on nearly all of the upper branches of Blain Creek, in Law-
rence county. At none of these places has it been mined, but
it is found scattered over the surface in considerable quantity,
and can be traced to its place above the limestone, which is
usually present, thus increasing the probability that the ore’
will be found in abundance when mining operations are under-

P:rom the above somewhat detailed description of the distri-
but.lon of the limestone ore in these counties it is seen, that
while nf:arly always of remarkable good quality, it is somewhat

much value,

In portions of this region it is now, and always will be, the
ore ?f most .value, for it will yield 2 regular supply of ore by
drifting. = It is probable, also, that in many other places where

fhe available supply of this ore is considered to be exhausted,
44
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because the stripping is now too deep for profitable mi'ning by
benching, it will be found that it can be profitably mined by
drifting, systematically carried on, although now supposed to
be too thin to pay for working in that way.

THE KIDNEY ORES.

We come now to the examination of this interesting class
of ores, the occurrence of which, in any workable quantity and
great regularity, properly begins above the hOI:lZOIl of the
limestone ore. What the circumstances were, which, ﬁ:om the
time of the deposition of the ferriferous llmeston.e, m;iL.lced
the deposition of all the ore, or so large a proportion o dlt]as
to leave the remainder hardly worth mentioning, as n(l) u arr
segregations instead of the strata which had formeEI the' a:f;(?;
portion before that time, we are unable to tell. Certain e
that there has been such a change, and that we no mc.)lrle. bn :
layers of block ore, extending regularly through the fh;oscim:r
in their place, at certain well-defined levels, massesho i
ore, often in quantity sufficient to form unusually ea\yT} =
were all of it condensed into a connected stratum. 1ese
nodules, unlike the block ores, preserve a uniform c.llaracter,
even when the size is greatly increased; or, speakl(?gbm(tnliz
accurately, the quality does not seem to be affected by
size of the deposit.

The first otI”) these deposits is found about fifty fectitabov;:
the limestone ore, ranging, however, from ffort)crlutlzssa.yii.g s
generally consists of two layers ?r beds o (;l?ten thé X i
shale, and separated from two to eight feet.

t separate
are scattered through the whole space, and do not sep

’ as they are called by the miners. There

into layers or “ runs,’ e i

is a great confusion in the names applied tQ tﬁls O;e'ain separate
by different names at different places, and b Itgis called the
names are given to the two members thlt';he southern part
yellow kidney ore pretty generally throug e Wik vein
of this region, and the black kidney or t he name yellow
nearer the Ohio river; while at some place; the

kidney is applied to the lower member an -

COAL I,—IO

«plack vein’’ to-
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the upper. In referring to it here, the name yellow kidney or
kidney ore, No. 1, will be applied to both members, consider-
ing them as one ore, as they essentially are.

The nodules or kidneys are, before alteration to limonite,
usually of a dark brown or blueish color, and quite fine-grained,
though occasionally they show a coarse structure, somewhat
odlitic and sandy. In alteration from the carbonate to lim-
onite the ore oxidizes in concentric layers, -and between each
of these layers there is a thin coating of bright yellow ochre,
which is the most conspicuous feature of the ore when a speci-
men is broken open. From this the name yellow kidney has
been applied. Allof the deposits of nodular or kidney ore show
this feature, to a greater or less degree, so that the name yel-
low kidney is not at all distinctive, but might be equally well
applied to all. It is only used in this instance because it is
more commonly applied than any other.

As already stated, this ore, although not a continuous
stratum, is still one of the most reliable, regular, and persis-
tent deposits of this whole region. It shows a much greater
regularity than the limestone ore below it. It occurs from
fifteen to twenty-five feet below the coal No. 7, the well-known
Coalton coal, and often serves, by this occurrence, to identify
the coal at widely separated localities.

It is found, with exceedingly slight variations, over a large
area, from two hundred to two hundred and seventy-five
square miles in all, above drainage; beginning on the west,
in the spurs of the divide between East Fork and Little San-
~fiy: towards Little Sandy, and extending to the eastward until
it i1s carried below the drainage or reaches the boundary of
the State. It extends to the Ohio river in almost as great a
«devel.opm'ent as it shows in any portion of this region. Along
the river it is first found in the river hills back of and below
Amar.lda. It is here held only by the highest hills, close to
the river, and is not found in the so-called ““Flat Woods,” a
range of low, flat hills extending back about two or three
miles. It occurs in the hills back of the river above Ash-

/lligd, and in the valley of Key’s and Catlett’s Creeks, gradu-
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ally descending with the dip of the rocks until it is nearly at

the level of high water in the Ohio river, below Catlettsburg.
In the immediate neighborhood of Catlettsburg the ore seems
to be absent, a coarse, heavy sandstone occurring in its place.
Back of the Ohio river from Catlettsburg, the line along which
the ore passes below the drainage runs in a southwest course,
crossing Shope’s Creek and Marsh Run near the head, and
East Fork near the mouth of Old Trace Creek. From here
it crosses Rush Creek, about two miles above its mouth, Wil-
liams’ Creek, near its head, Straight Creek, between three and
four miles from its head, and Lost Fork, about two miles
from its mouth. It then turns south and passes out of Carter
county near the mouth of Bell’s Trace Creek. :

The kidney ores and some of the local limestone ores, which
are found high up in the series in the middle coal measures,
are all that are found in the neighborhood of Clinton F urnace,
and were the ores used at that furnace when in operation.
The yellow kidney ore is well developed in this re:gion, lym.g
in large nodules and very close together. At this place, in
the kidneys, large numbers of impressions of f-erns and other
plants were found. West of Clinton Furnace, in the valley of
Hood’s Run and East Fork, on the Bellefont F urnace'p-roperty,
this ore is very abundant and is mined in large quantities. By
far the greater proportion of all the ore used at Bellefont Iljulr-
nace is kidney ore. This ore is found over ne.arly thfa wh9 ;
of this property, with the exception of that portion of it whic
lies in the « Flat Woods,” already referred to. :

Around Caroline and Steam Furnaces it occurs in the tops
of the highest hills, and the area covered by it, in propO;_t:lon
to the whole, is small. South and east, however, towards East
Fork, it is found in great abundance. ; 5

South of East Foi, on the Pennsylvania lFurn.aced lan%so, 1:};:

resent in laroce quantity and is extensively mined.
‘Erest it reachegs wqell t0v3’ard Little Sandy, on the Culp and

Sandsuck Creek hills, but is found in larglf St 3“;?31:})1’ agr;::Ili
head of these creeks, and on the East Fork an i



7o REPORT ON THE IRON ORES OF

slopes. Like Bellefont, Pennsylvania Furnace uses more of
the kidney ores than any other class.

On the Hunnewell property this kidney ore is found along
the main divide between Williams’ Creek and Little Sandy,
and on some of the hills between Cane Creek and Little Sandy.
This furnace uses probably a greater variety of ores than any
other charcoal furnace of this region, having the block, lime-
stone, and kidney ores on its own lands, and receiving large
quantities of both upper and lower block ore by railroad; but
of that now mined on its own property probably two thirds or
more is kidney ore.

This kidney ore is found on all portions of the Buena Vista
Furnace property, and has been extensively mined. It extends
to the east beyond Williams’ Creek and East Fork, to some
distance beyond Cannonsburg. On East Fork, above Can-
nonsburg, the ore goes under the drainage at about the mouth
of Old Trace Creek:

The valley of Williams’ Creek shows the most extensive
workings of the kidney ores of any portion of this region.
On the lands of the Buena Vista and Star Furnaces, and the
Ashland Coal Company, they are mined in large quantities,
and very little ore except of this kind is obtained. There are
from three to five beds of kidney ore in this region, and the
hills are terraced, bench above bench, for miles around the
contours by the diggings for these ores. Probably nine tenths
of all the ore received at Star Furnace, Coalton, and Buena
Vista, is of this class.

The yellow kidney ore passes below the drainage on Rush
Creek, about two miles above its mouth, and is not found on
Garm?r Creek or Bolt’s Fork; but on Garner Creek some of
t.he h’lgher kidney ores occur. It is found regularly on Wil-
- liams .Creek nearly to its head, and on the hills toward Wil-
son, St1n§on, and Straight Creeks. On.Wilson and Stinson
Creeks it has not been much mined, except toward their
heads. TOWfil‘d Little Sandy, on the ridge between these
creeks, the dip soon brings the lower rocks to the top of the

::gge, and the ore is no more found. Between Stinson and
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Straight Creeks it has been much more extensively mined.
It is found in the main ridge from the head of Gum branch
of Straight Creek, eastward, for about four miles, when it
goes under the drainage on Straight Creek. Large amounts
of it are obtained in this region for Mt. Savage Furnace. It
is also mined on Davy Run. It is found on Lost Fork and
Dry Fork quite regularly, but has not been as yet extensively

mined.

THE RED KIDNEY ORE.

As will be seen from a number of sections accompanying
this report and that of Mr. Crandall, there is a second bed of
kidney ore usually occurring about fifty feet above the ﬁfst, or
yellow kidney, and thirty feet above the No. 7 coal. This v'wll
be here called the ““red kidney ore.” - This name is not applied
all through this region, but it is probably used more than any
other. Often it is called the little yellow kidney ore, and at
some places where the first bed of kidney ore is call(‘:d the
“black vein,” the name “yellow kidney” is given to this. It
is, however, easy of identification, as a separate ‘ped, from
its position above the No. 7 coal, and in the localities where
that coal is most largely mined it is usually. known as the red
kidney. In character it is often very similar to the yel-low
kidney, but the ochreous coating which covers the layers into
which it weathers is usually of a darker color, and o.ften quite
red. From this feature it derives its name of red kidney.

When weathering to a dark color, it is usgally found to be
calcareous. This ore shows, for the first time, 2 tendency

2
ich i in the beds above, to grow Very‘ca
i e finally to a bed of cherty lime-

. d chan .
careous at places, an g ved in the

“hi bser
t dules. This tendency has not been o :
¥ o lsThe individual nodules of this bed are

: . how
next in size to those of the yellow kidney orel,< det th:;ye Sbeds
a decrease, which continues and is ‘more I.narfe lr;he Tow
above, showing a regular diminution in size from ¥

i i eatest number of these
kidney upward. Where there is the gr ol

beds, the nodules of the upper ones, whic 4

yellow kidney ore.
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many other places, are of very small size, rarely weighing
more than a few pounds.

The red kidney ore ranks in value next to the yellow. Itis
almost as regular in its occurrence, and the area over which it
is found is very nearly the same, or, if anything, a little larger;
for in places the western boundary is the same for both ores,
being determined by a topographical feature—the main ridge
between East Fork and Little Sandy-while it extends some
distance further east. '

The fields of the two ores are so nearly identical that the
area of this ore will not be given in detail, for the description
of the yellow kidney ore will answer for both, with the follow-
ing points of difference: the red kidney ore does not usually
extend out to the westward on the spurs of the divide between
East Fork and Little Sandy, but is confined to the main ridge.
It is not found, except in a very few of the highest points, in
the neighborhood of old Steam and Caroline Furnaces, nor at
Amanda, and is first known near the Ohio river, in the hills
back of Ashland. It extends to the Big Sandy river at Cat-
lettsburg, and along that river for some distance, being found
above the drainage some distance beyond where the yellow
kidney disappears, as the dip is here very gentle. It is found
on the Big Sandy river nearly as far up as the mouth of
White’s Creek. To the south it is found on Garner Creek,
a1:1d on East Fork, some distance above where the yellow
kidney disappears, finally going under between the mouth of
Garner Creek, and Bolt's Fork. It is found on the Mt. Sav-
age Furnace property in considerable quantities. Around Wil-

lard it has been seen at many places, but is not as yet mined to:
any extent.

OTHER KIDNEY ORES.

Above the red kid
twenty-five feet, is another bed of ore of this class which is.
found at many localities in this region, but by no means so gen-
erally as the beds Justdescribed. It is at jts best on the Buena

X;sta, Star, Hunnewell, and Mt. Savage Furnace properties.
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It is known as the black kidney at Star Furnace, but at o.ther
localities the more generally applied name is the b'astard' lime-
stone ore, or, as the miners call it, the bastard lime kldn-ey.
This name is given from the usual association of the ore with,
and occasional replacement by, silicious limestone nodules.
Sometimes the limestone occurs as a connected‘ stratum, and
the ore overlies it as a limestone ore, but this is rare. T.he
size of the nodules of ore is usually sma.ll, and tl}e quantity
not sufficiently great to pay for deep benching; yetit has bf%en,
nevertheless, largely mined at a number of.pla.ces in this region,
notably in the Williams’ Creek valley, which is the only region
it is of any importance. :
Whlsinllttlvsv:nty-ﬁ};e tg forty feet above th.is last descrlb'ed or’e'
occurs another, which is known as the httl.e yellc?w kldneér
more generally than by another name. This has.ltskbest:n :;
development in the Williams’ Creek valley, but is hl;(é:v:eek
other places, as for instance, on Gum branch of Straig ;
v e Furnace property. -
M;oslli;aagnd east of tllalis,phowever, where t-he Mahompg sam;l;
stone is present as a heavy conglomeratic ;oc}l;, thlsd:tr:ne
wanting, as it properly occurs about the level of this samS “ be.
In the region where this ore occurs the sandstone see
replaced by a series of shales, which carry :che ore;l.
This ore is somewhat more regular in .1tsdmoTehe B8
rence and its quality, than that last descr'lbe i o
the nodules is usually small, rarely exceedmgd a}t ;\; pcnS s
weight, but the quality is uniformly'gf)od; arzl-': OCCEES A
in a large part of the region where 1t 1sffo;11rlle. ;nd iR
the tops of the hills that the covering ol S a e ey
it is very light, and it can be .mmed overbtaim;1 il
benching. Large quantities of it are thus Of L ahaa
Vista and Star Furnaces, and at Coalton for

Furnace. : Ithough

This properly closes the list of the k(ljdmtzya C}:z:,lical?tigs,
Bl e e thet e red kidney !
which is called the ¢ top hill kidney ™ 0 bed by any member

of occur-

. . 1He
but it has not been identified as a separa 151
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of the Survey. This is also the last and highest of the ores
of the lower coal measures, and the last ore of anything more
than local range or value. This as already stated, occurs very
near the place of the Mahoning sandstone. Above it the mid-
dle or so-called barren coal measures, prove to be barren of
ore as well as coal. There are, however, in these measures, a
number of limestones which are, occasionally, accompanied by
ores. These are at places of very good quality, and resemble
the regular limestone ore, but usually they are excessively cal-
careous and quite poor in iron. In addition to the inferior
quality, they are, as a rule, irregular in their occurrence, so that
no reliance can be placed upon them. Sometimes they are
of unusual thickness, so that they have been drifted for, but
these “pockets’ are usually not extensive. The Oakland and
Sandy Furnaces, which were built relying upon these ores for
their main supply, were both compelled to suspend operations
after a short time, as they could not profitably work them
alone. They are often quite fossiliferous, and then seem to
be little more than ferruginous limestones. Ores of this class
are found, and have been considerably mined, on some of the
highest hills south of Straight Creek, on Buena Vista Furnace
property; also, on White’s, Chadwick’s, and Peterman’s Creeks,
whence the ore went to Oakland Furnace.

To the south but one of these is usually found. It lies
above a fossiliferous limestone eighty feet above the Mahoning
sandstone, and is called the Rough and Ready ore. 1Itis found
on Straight Creek (Mt. Savage), Lost Creek, and at the head
A.of.Dry Fork, above Willard, Carter county. On Bolt’s Fork
it is better developed than at any other locality., It is here
quite a reliable bed, and is said to range from eight inches to
two feet in thickness. Al] the old workings have fallen in, so
that N0 opportunity was afforded members of the Survey to
ascertain the thickness, by measurement, for themselves,

was such the furnace neyer was able to produce a first-class

f?undry iron. The ore was so calcareous that it more than
2
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fluxed itself, producing a thin fluid slag, which, by .its continu-
ally running off, cooled the furnace and resulted in the pro-
duction of a hard, brittle, white iron. The furnace, after about
three years unsuccessful working, went out of blast, and has
never since been started. Were there a cheap and ready meafns
of transportation this ore could be very successfully used ';)'r
a mixture, in furnaces where the othér ores 1'1sed were 151 i-
cious or argillaceous, and it would ble of considerable value,
ially to furnaces using stone-coal.
es%\efi?lllt);lis closes the lisgof the ore beds of Greenup, Boyd

and Carter counties. It is the highest and last ore of anv im-

ortance in this region. / . :
;: It is believed that in the foregoing pages all the ores which

occur in this region in anything more than’ local e}xtént,bzl;i
even some of them, have been described. There ]zﬁ)ed but
found at a few places ores which have not been C}llescrlveere, ngt
they seemed to be of such limited rapge i 2w \1 descrip-
considered of sufficient importance to receive a ,Sgecliaxat futufe
tion, or a place in the general section. It maxy .cve g
developments will show these to be more fo?nspthe eneral
supposed, and thus add to the number of Orcsrhoole h::l%r been
section. The region, however, taken asl.a “d that the list is
pretty thoroughly prospected, and it is believe

nearly complete. A4l



METHODS OF MINING.

IvV.

The method of mining in general use through this region is,
as already stated, by stripping or benching. This, while the

most economical for a time, is unavailable to any great depth,
afld by it only a very small per centage of the ore present in a
given area is available, for when the overlying material reaches
a thickness of from ten to fifteen feet, varying of course with
the thickness of the ore bed, the ore will no longer pay for its
removal. The slope of the hills is generally such that, with
rare exceptions, such as occur where the ore lies near the top
of a hill and can all be removed, this depth of stripping is
reached when the width of the bench or terrace is from thirty
to forty feet. A strip of ore then, in width from thirty to forty
'feet, and in length equal to the contour of the hill at that level,
is all 'that is usually attainable by this method of mining.

It is unfortunate that we have not a detailed topographical
map from which we could measure, with accuraéy, the propor-
tion vyhich this bears to the whole amount of ore present in
tl}e hill; but in the lack of this nothing but an estimate can be
given, and this estimate must of course be only the rudest sort
of an approximation. It is believed that the amount which
can be mined in this way will not exceed five to ten per cent.
of the whole, if it even reaches the lower figure. The neces-

sity the.:n, especially at some of the older furnaces, where the
ore which can be reach

f:fr‘;"g work, there is no doubt, Mining by drifts has been
i ue onl at many places in this region, where the ores show
nusual thickness, but it has all been done in a hap-hazard

wa i i

ly, the miners being left to conduct thejr drifts as they
Pleased, without any supervision.
154
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No systematic underground mining for iron ore, under the
direction of the companies owning the land, through compe-
tent mining superintendents, has ever been carried on in this
region. Such operations would undoubtedly be profitable at
many localities in these counties. There are two serious obsta-
cles, however, to underground work: one is the thinness of the
ore beds; the other the character of the roof, which is usually
a soft, crumbling shale, or, as sometimes in the case of the
limestone ore, a fire-clay.

What is the limit of thickness below which an ore cannot be
profitably mined underground will have to be proved by trial,
but there seems to be little doubt, that with properly conducted
operations, it will be considerably less thar.l now supposed. As
a rule at present, no ore is drifted for which is less than from
one foot to eighteen inches in thickness, a’lthoug.h at.some
places an ore averaging not more than from six to eight inches
is mined in that way, at a cost for mining of from three to four
dollars per ton. 22 s :

As yet the method of longwall mining, which is so commbon y
employed abroad in working thin beds of ore, has n.ever eegr
tried in this region. Were the same amount of skill de.vc?te
to mining the ores of this region as is expended in coal mmm%r,
it would be found that they could be mined much more cheaply
than commonly supposed; and thus large quantities of ;n:e
which are now considered of no value, being thought too thin
to work, would be rendered available sources of wealth.. o

The limestone and block ores have been a-lready mined by
drifting at a number of places, and in future will }Je much more

. i i W hether the kidney ores will
extensively worked in this way. Wheth S AR S
ever pay for underground explmte}tlon is an Oﬁ qever b;aen
the experiment, so far as the writer knows, has n

tried. :
i of large size, and concen-
In cases where the kidneys are g s

. : =
i hale, it seems not impr
i vl ority of cases the

might be successfully done, but in the majorit s
am%)unt of ore would prove so small, in proportion to the shale

. The
: would not pay.
Necessary to be moved to reach it, that 1t 155
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amount of ore in one of the kidney beds, in a given area, h

never be?n accurately determined. No calculation car,l 15:3
made qf 1t.w.ith any degree of accuracy. The only wa te
determine it is to strip a measured area of considerable };iz:

-and weigh the ore found.
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SOME NOTES UPON THE IRON MANUFACTURE
IN THE KENTUCKY DIVISION OF THE
HANGING ROCK IRON DISTRICT.

The Hanging Rock Iron District takes its name from a
peculiarly shaped rock exposure upon the Ohio river, near
which is now the village of the same name. Some of the
early furnaces were located near and had here their landing
place. The name Hanging Rock pig iron was applied to the
product of these furnaces, and as the number of furnaces
increased the name was still retained, until now it is applied
to all the iron produced in a number of adjoining counties, in
both Ohio and Kentucky. The region now embraces in Ohio
the whole or parts of Scioto, Lawrence, Gallia, Jackson, Vin-
ton, and Hocking counties, and in Kentucky, the counties of
Greenup, Boyd, and Carter, and it will, without doubt, eventu-
ally extend still further to the southward.

In this region the native ores of the coal measures are those
in most general use. They are used exclusively by the char-
coal, and very largely by the stone-coal, furnaces.

The Hanging Rock iron has an excellent reputation through-
out the West. It is used for a variety of purposes; but perhaps
more generally for foundry purposes than any oth-er. For gen-
eral foundry use, combining strength with ﬁuifilty -and small
shrinkage in cooling, it is probably unsurpassed in this country,
if anywhere. It can also be used with a considerable propor-
tion of scrap without injury to the resulting castings. :

Certain brands of the cold blast charcoal iron hav<? a national
reputation for the manufacture of car-wheels, for which purpose
they are unsurpassed. : D

The iron from the stone-coal furnaces of this region is used
for both foundry and mill purposes, but most largely in the
mills, for conversion into wrought iron. The fuel in use at a

s : iron
majority of the furnaces is charcoal. It was upon charcoal n;c;g
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that the reputation of this region was established. It was not
until within the past ten years that the use of stone-coal for
the manufacture of iron was introduced. It has grown rapidly
since that time, and is destined to become the prevailing indus-
try; but as yet the charcoal largely outnumber the stone-coal
furnaces. There are in this region sixty-one furnaces, either
in active operation or in a condition to be put in operation in
a short time. Of the whole number, forty-four are charcoal
and seventeen stone-coal. Of these, thirteen are situated in
Kentucky, of which eleven are charcoal and two stone-coal
furnaces.
The following is a list of these furnaces :

CHARCOAL FURNACES.

Name. When County, Owners.
built.
l

Bellefont . . 1826 | Boyd . .{ Means, Russell & Means,
Boone . , . 1856 | Greenup .| Nathaniel Sands & Co.
Buepa Vista . 1847 | Boyd . .| Means & Co.
Buffalo . . . 1851 | Greenup .| Culbertson, Earheart & Co.
Hunneyvell z 1045 | Greenup .| Eastern Kentucky Railway Company.
Iron Hills . . 1873 | Carter . . | Iron Hills Railway, Mining, and Manufacturing Company.
Laurel . ., ., 1849 | Greenup .| Robert Scott & Co.
Kem?n *« «fe o . .| Greenup .| Kenton Furnace Railway and Manufacturing Company.
Mt. Savage. 4 1848 | Carter . . Lexington and Carter County Mining Company.
Pennsylvania. 1845 | Greenup .| Eastern Kentucky Railway Company.
Raccoon . . 1833 | Greenup .| Raccoon Mining and Manufacturing’ Company.

STONE-COAL FURNACES.
Ashland. . , 1869 | Boyd . . Lexington and Big Sandy Railroad Company, East'n Div.

Norton . . . 1873 | Boyd . .| Norton Iron Works Company.

In addition to these, there were quite a number of furnaces
formerly in operation in this region, which have been discon-
tf'nued from various causes, usually either poor original loca-
‘tion, exhaustion of timber supply for charcoal, or unsuccessful
management. They were all charcoal furnaces, although one

of them, Star Furnace, used stone-coal during the last few

years it was in operation,
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The following is a list of these:

Name, When built. County. Builders.

illi x iy & Deering.

Hice Bagatcio b Ly 1822 Greenup . . . .| Trimble Brothers
ll};gollu: RS It 1822 Carter . . . . .| McMurtril & Ward.
Steamiisgscic iy Al 1824 Greenup . . . .| Shreve Brothers. = ;
Enter| rise . . it AP 1826 Greenup . . . .| Deering, McCoy, ‘Chngman & Co.
Aman%a s Sl 1829 Greenup . . . .| Pogue Brothers, Culvert & McDowell.
Gl si T 1830 Boyd . . . . .| Pogue Brothers.
Globesieis e F o g 1830 Greenup . . . .| Darlington & McGee.
Hopewall i - 5 1833 Greenup . . . .| Wm, Ward.
Catplm a5, b 1833 Greenup . . . .| Henry Blake & Co.
Oaltlapd. 3305 o5l i 1834 Boyd . . . . .| Kouns Brothers.
New Hampshire . . . 1846 (%rcenup e et
SRl S D 1848 Carter ..
U AR R 1853 Boydy .

The most of the above given dates and names of builders
were kindly furnished the Survey for publicano? by Col. J:
Bell, of Ashland. Mr. J. Russell, of Bellefont I*urnace,'also
furnished information which aided the completion of the list.

From the above list it will be seen that the first furnaces of
this region were Argillite and Pactolus, l?uilt in 18:22. It has
been stated by Mr. Andrews, in the Oh'lo‘ Geologlczjll R;pot
for 1870, page 217, that the first furn'ace in the I—Iangmg\,T oc
region was the Union Furnace, built in 1826, by Sparks, ! Iians
& Fair. From the above list it will be seen that thr.ee 4en-
tucky furnaces in this region were built befo're Union lFur-
nace, viz: Argillite, Pactolus, and . Steam, while two ot 1e’;so,
Bellefont and Enterprise, were built the 'same year. i
Kentucky, then, properly belongs the Cl‘Cdl-t of having f :
started the manufacture of iron in this now 1mI')ortax}11t r?gltotis.
Although not relating immediately to this reglog, 't] eth(:;lcﬁrst
worth stating at this place, that in Kentucky was ui t1 2
iron furnace in the West, and one of the earhe'st in (t;e cBath
try. This was called Slate Furnace, and was 51tu'ate mIt o
county, upon Slate Creek, a branch of Llckm% rlvetl;;)Ut e
built as early as 1791, and went out of blast after aiven ]
years operation. Of the Hanging Rock furnaces g

i lob
above list, Argillite, Hopewell, Pactolus, Enter%rslzz, f?)r;ddgv(i)n;
were built adjacent to water-power, which was fi.s

COAL I,—II
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the blowing machinery. Argillite, Hopewell, and Pactolus
were upon Little Sandy river, Globe and Enterprise upon
Tygert Creek. The water-power was not sufficient at all
times of the year, and in one case at least a furnace was
chilled by the failure of the water requisite to drive her blast
engines. The result was that they were all soon abandoned,
and others erected using steam-power. The first furnaces
were of small size compared with those of the present time,
and their production was correspondingly small. Steam Fur-
nace, for instance, was first erected twenty-eight feet high by
eight and a half feet bosh, and is said to have produced only
three tons of iron per day. It is reported that Argillite Fur-
nace was still smaller, being only twenty-five feet high by six
feet bosh, and made only two tons per day. The site for this
furnace was excavated out of the shale near the end of the
dam, and it was so low that in time of floods the water could
only be kept from the furnace by means of coffer-dams.

The present charcoal furnaces are much larger, and produce
from ten to sixteen and even twenty tons per day. They are
nearly all built after the old model, with a massive stone stack
in the form of a truncated pyramid. With one exception, Iron
Hills Furnace, the model of all the charcoal furnaces, is the
same. They are built against a hillside, at the base of which
the rock is excavated to give room to place the stack. The
ore and charcoal are hauled in wagons to the stock bank at the
level of the furnace throat, and thus the necessity for an ele-
vator is obviated. The boilers are placed over the furnace
throat, and the hot blast ovens at the end of the boilers, so
that the waste gases are utilized effectually. The engine in
common use is horizontal, with one steam cylinder working
two blast cylinders, which are geared in such a manner that
.when the piston of one is at its least velocity the other is at
its greatest, and thus a comparatively  constant pressure of
jb]ast Is obtained without the use of a reservoir to regulate
it. The engines are usually geared to make one stroke of
-€ach blast cylinder to two of the steam cylinder, which is

-equivalent to stroke for stroke, as there are two of the blast
162
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«cylinders. The furnaces are usually worked with open hearth,
and most of them use but one tuyere, entering at the side.
The hearths are generally constructed of sandstone, of which
there is an abundance of good quality on most of the furnace
estates. Formerly the inwall or lining was also generally of
sandstone, but of late years the use of fire-brick for that pur-
pose has become more common.

Most of the furnaces are without either pressure gauge or
pyrometer, so that the pressure and temperature of the blast
are not known with any accuracy, the general rule being to
heat the blast as high as possible with the ovens at command,
and to keep the pressure as great as the steam will allow,
varying it, of course, according to the necessities of the furnace
working. It is probable that the general pressure of blast
does not vary much from two and a half to three pounds.

The following table gives the principal dimensions and other

details of the charcoal furnaces in this portion of Kentucky:
163
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Hoop,

Pennsyl-|Raccoon,
vania,

Hoop.

Mount
Savage.

Davis.

Laurel.

Davis.

Kenton.

» X = =z 2 LI
© Dacyw Y. 5 6 tnd
R

N a0 6w inkin
-

Hoop.

Iron Hills,

Hoop.

2§ togddbs o0

Hunne-
well,

3 1bs.

Buffalo.

Buena
Vista

Boone,

10"
6-
6’ 10"

None,

cold blast

swoiigbtoglbet T io

Bellefont

Davis,

3 lbs.

.........

.....

i
yeres

iameter of tu

Batter or slope of bosh.
Height of tu

Diameter of throat
Diameter at bottom
Number of tu

Di

Height of hearth ,

Diameter of bosh ., . .
Diameter at to

Height .

yeres .
yere above bot

Number of boilers. . . .

........
........

T

cylinders .
cylinder , .,

cylinders
Kind of hot blast ovens . . .

cylinders . .
am cylinder.

Number of blast
Diameter of blast
Stroke of blast
Diameter of ste
Stroke of steam

Diameter of boilers . . .
Length of boilers . . . .

Usual pressure of blast, , . ., . . . .
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It will be seen from the above table that, with the exception
of two furnaces, Hunnewell and Iron Hills, there is no very
great difference in the size or general details of construction.
Hunnewell Furnace is also built on the same model, but is
larger than usual.

Iron Hills Furnace is, however, constructed on an altogether
different and more modern pattern, and one sufficiently novel
for this region to deserve a special description. :

The furnace has an iron shell stack resting upon iron pillars,
fire-brick hearth and lining or inwall, closed top with l?ell and
hopper charging apparatus, and a gas flue for carrying the
waste gases to the boilers, which are situated on a bank al?out
twenty-five feet below the top of the furnace. The boilers
are situated upon the same level as the stock bank, and an
inclined plane elevator is used to hoist the charg(?s to the fur-
nace throat from this level. The hot blast, which is of the
Hoop patent, is situated at the end of the boiler.s. The fur-
nace was built to run upon the Lambert.ore, “{h.lCh ha-s been
already described. It started at a very inauspicious tmcile for
a new enterprise of the kind, the winter of 1873— 74, anc w]as
compelled, through financial troubles, to cease operation in the

following spring, after having made only nine hundred and

sixty-two tons of iron. Since that time it has been idle, but

it i ed that it will not long remain so.

5 lIst tlcl)ats)eb};of:i freely charged that the lack. of. success of.the.
furnace was due to the novelties introduced in its construction:
notably the substitution of gas ﬂue.s for taklr.lg the gasles
down to the boilers instead of placing the boxlt?rs over “3
throat of the furnace, in accordance with 'fhe tlme-h?no;e

custom. There is certainly no reason why tzhls p.lan,.whlcdh acsl
been successful at other places, and which is being introduce

i er
in the latest and most improved charcoal fur.nahCCS nI:t }(g)::}elzn
regions, should not be successful here also. .If it has ,

i i size
it may possibly be due to defective constructlon,] improper e
imi cause;
of flues, insufficient draft, or some other similar

charcoal fur-
there certainly is no reason why the gases filodmt}?en el
nace cannot be taken down through flues a %
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in heating boilers and hot blast as well as those from a coke-
furnace. There is no material difference in the composition of
the gases.

. In working the furnace it was found that the hot blast ap-
paratus never was heated sufficiently to give a temperature to.
the blast of more than three hundred degrees to four hundred
degrees, and it usually was about two hundred degrees, hardly
warm enough to be called hot blast. It is not unlikely that
the situation of the hot blast apparatus at the end of the
boilers is too far from the place of combustion, which princi-
pally takes place where the air is first admitted under the
boilers at the end nearest the furnace and farthest from the
hot blast stove, so that in reality it receives little more than
the waste heat from the boilers, all the combustible portion of
the gases being consumed before reaching it. It is probable
that if the hot blast apparatus were placed nearer the furnace,
with a separate flue to conduct a portion of the gases directly
to it, there to be consumed, it would be found as effective as
desired, and, with the furnace working properly, there would
be abundance of gas for both blast and boilers.

Of the charcoal furnaces in this region, Boone, Buffalo, and
Laurel run a large portion of the time, or altogether, with
cold blast, for the manufacture of car-wheel pig iron. The
remainder use hot blast all the time. The average yield of
the ores is generally stated by the furnace managers to be
thirty-three and a third per cent. of iron, thus requiring three
tons of raw ore for the production of one ton of iron. The
figures, however, taken from the stock books at seven furnaces,
f(?r periods ranging from one to five years, give an average
yield of.31.94 per cent., thus showing that it has been slightly
over-estimated.

It will be noticed that the averages for the different furnaces
do.not vary greatly, three per cent. being about the limit.
This shows the general uniformity in quality among the dif-
ferent ores. Those furnaces situated west of Little Sandy,
and which use more or less of the lower block ores, show

t?: least average Per centage of iron, while those using the
I

HANGING ROCK IRON REGION., Ir

limestone and kidney ores show the highest yield. It will also

be observed that the average yield shown by the furnaces is a

considerably less per centage than indicated in the .analyses

of the ores which have been given heretofore. This is dl{e' to

no fault of the analyses; they show accurately the composition

of the specimens submitted to the chemist. The c!lscrepar}cy
is due to the following causes: 1st. To the loss of iron, wl.nch
often attends the working of the furnace, through the combm:.i-
tion of iron with the slag. This loss is not constant, but is
greater as the furnace is working more irregularly and produc.-
ing more mill iron. In such case there is usually an appreci

able amount of iron in the slag. As the amount of slag is
often greater than the iron produced, a very small per cenFaﬁe
of iron in the slag involves a considerable loss, ar?d materia hy
reduces the yield of iron. This loss amounts to !1ttle c;r no(; -
ing when the furnace is working well ar.ld producing a ou1f1 ;}lr
iton; for as the pig iron is not pure iron, but cq;tams ;c;s-
five to eight per cent. of foreign matter, ca.rbon, si 1chon, Eoun_
phorus, &c., the gain by these impurities will more ; a? v
terbalance the loss by the iron in the slag. In .fact the ur? g
working should show a gain over the anal)i51.s “],hi?n:::m)«l_
thing works properly. 2d. To the inaccuracy in selecting ¢

The difficulty of selecting perfectly average

ples for analysis. The method

samples of ores has been already e to{] ieces of ore,
adopted has been to take a great many smail pi -o to be
each broken from a different place in the pile or ouftcl:r }(J)r g
sampled from, until the whole Shou.ld S ‘taO Oobtain as
pounds. The endeavor has been in every C?S(ietz‘; ossible;
near a representative average samp.le'of thfe w 129 it‘ IE)as g
but it is probable that, in the majority O'I‘ials '(;rsonal equa-
actually taken better than the average. "l P of great im-
tion in the matter of sampling an ore or Cofa,ls of selecting
portance, and it almost invariably Wofks. SN 011:; of the samb—
the best specimens, in spite of the fair 1}1tel1t101£ g,
pler However careful he may be, he e bfc % or a piece of
it is unfair to take a sandy or cherty lump ol ore

f the
L : eneral average O
pyrites in coal, lest it be more than the g 167
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bed. It is a singular feature of human nature, but it exists in
every one, whether personally interested in having the ore or
coal well represented or not. In addition to this personal bias,
it is usually the case that the ore sampled is cleaner and freer
from adhering dirt and clay than the average as it is weighed
at the furnace scales. This is caused by the sampler usually
selecting a clean corner on each lump to chip or break his
sample piece from, as he naturally thinks it would misrepre-
sent the ore to take a piece covered with dirt or clay. There
is no doubt that the per centage of iron is materially reduced
from this cause below what it would yield if the ore could be
purchased clean.

Notwithstanding all this, it is believed that the samples of
both ores and coals which have been selected for analysis by
the different members of the present Survey, approach more
nearly to the character of true representative samples than
any which have ever before been collected in this State or by
the Geological Surveys of many other States. The character
-of the sample is of as much importance as the accuracy of the
analysis, if a true estimate is to be formed of the quality of
an ore or coal; and it should be held as requisite for the sam-
pler to be conscientious and unbiased, as for the chemist to be
skillful and accurate; and the name of the sampler should be
given as well as the chemist. It is because analyses are so
often made from small picked specimens representing the very
best of the ore or coal, that so many practical men consider
an analysis of no value, and charge upon the chemist the fault
of misrepresentation which belongs to the sampler. This mat-
ter is more important, if possible, in coal than in ore analyses.

The difference which there js between an analysis made
from a single lump taken from the center of a bed of coal or
from that part of it which js freest from sulphur, and one made
from a sample taken by making a number of cuttings through
the. whole thickness of the bed representing the coal exactly
as It occurs, is very great. In the majority of cases heretofore,

the former is the kind of sample which has been subjected to
analysis,
168
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The average consumption of charcoal per ton of iron in this
region ranges from one hundred and forty-five bushels, at some
of the best hot blast furnaces, to two hundred and thirty at
some of those working cold blast. . ; ]

The figures from the books at nine furnaces, for periods of
time from one to five years, give an average for the wholfe o
one hundred and seventy-nine bushels per ton of pig ;r.onf:
This requires for its production about four and a half corc sl o
wood, estimating the usual yield at forty bushc'ls of c'harco.a ]:10
the cord of wood. The original forest of t%ns region yie ?
from thirty to fifty cords of wood per acre, with an ave}:rage rcl)d
perhaps thirty-five. Each furnace consumes from ﬁ\'/e t 1c'>isah :
to fifteen thousand cords of wood per annum, varying wclltf ttt.
length of the blast, thus clearing from one hundred aIn ;r,}
to four hundred and thirty acres of land each year. ; n I 7}'].,
as shown by the tables of production, there wcire m]aeet(l)l:lst Oxfs
region twenty-four thousand three hunc.lred and twe vth e
charcoal iron, which would require fordlts production the

ver three thousand acres of land. R
frOII? (\)vill thus be seen how rapidly the forests lar;: l:zlcnegs
destroyed, and how it is that only those charc}cl)a ztf'l A
which are situated on the very largest estates, t osg Kz
twelve thousand to fifteen thousar-ld acres and upwzzlr Sr,owth %
permanent, as they alone afford time fo.r the s;aconthg;r sy
attain a size sufficient for charcoal-making be or}c; e Cirse
forest is exhausted. It is evident, the.reforf?, tha Ay
of time the charcoal iron industry of t.l’llS reglonozllu i
planted by the manufacture of iron with stolr;e;c m. e
charcoal furnaces will be built furthfar bac : r(}){en b
where the forests are as yet comparat}vely utlll l1;0 3 t'he r
whence the more valuable charcoal iron will bea
cost of transportation. P S e

The follow?ng table shows the averagfe ymli‘;oifotﬁs .
consumption ‘of charcoal, at most of the furnaces

: esired from all
The returns are not as complete as C‘;uli };;ehi(jh the averages
the furnaces, but the number of years 1ro 5
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are made is given in each case, so that the proper weight can
be given to the comparative returns by the reader.

In many cases the figures from which this table was con-
structed were taken directly from the furnace books, which
were kindly placed at the disposal of the Survey. The returns.
of charcoal consumption are not absolutely accurate for com-
parison, as there is some variation in measurement at the
different furnaces. The charcoal receipts are given in loads
of two hundred bushels each, but the size of the wagon-beds,
which are counted as holding two hundred bushels, varies.
somewhat at different furnaces. The consumption of charcoal
was of course taken at the furnace measurement in each case.
It is believed that this error will not amount to more than a

few bushels in the general average. The returns of ore are
probably accurate.

Number |Ave’ge per cent-| Number [Average bushels-

Furnace. of years. | age of iron in|of years. | charcoal to ton.
the ore. of iron.

e e SRR

e L A LS T 278 18
b TP i deliendth g 33-53 .g I4§
e Y R AR 1 30.6 3 *229
POl L ik G 5 32.38 5 161
s RIS S Sl sld it 4 32.8 4 197
S b BER LA R e R R 4 - 175
WEANS . e e e AT 3 164
Rednbylvesla ', . 050 5 387 : 5 194
15050 al WAEN BRI S A 4 30.4 T 163

ot ar o R R o % 1

31.04 ! i , 179

€rous or the ferriferous limestones, At Mount Savage Fur-
nace some limestone is ysed from the fossiliferous beds of the
middle coal measures. The amount used varies from two to:
twenty-two per cent. of the roasted ore charged, as will be
seen by the following table showing the ordinary charges, or

so-called half charges, in use at the different furnaces. These

f‘; ¢ given as they were reported, without any guarantee as to
(o]
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the accuracy of the weights or measurements. It ’Il‘sh prol:;b}]i
that the weight of ore is usually pretty correct. ; e wsf,;e-
f limestone is, in many cases, estlma:ced ; and in the measur
?nent of the charge of charcoal, conSIdelrabls. cﬂfffzretr;;islaf;it

i : ile which, in g,
i thi ‘}llzrsl(l)a‘feflu;?;;?’ '?hze;cﬁ?ocwing table is, therefore,
rr::):ttfgfable as showing the proportion of limestone used at.
the different furnaces, as the ores vary:

g ; CHARCOAL
5 5 AT THE DIFFERENT
PRAGE «“HALF CHARGES” USED
Wik FURNACES.
Roasted ore. | Limestone. Charcoal. Al:reerra%? n}l‘l:i\f:
ges in 12
Name of Furnace. g A b ]c]};:ll‘:;.e% i
7 R B SRR e B
Belton | oo Sl iy
L SR e SR USSR - - » A
Bubna Vigla. - .. ¢ ¢ s woble s ; 1;50 o §° 26
TR R S T “ P 30 8
e T 95 25 o1 %
it PR G 5 Sl 8 ey PO iSeiC 9N
HungeWwelletair b o o o oot :goo A 32% : &
HORPS g 7y o0 208 N g e 22 %
§e L TS S TR 5o 60 3
R R T B b 25 5
g (G <l gl g B e
Mt Savage.. .' ........ i(z)gg " 3 gg Sty 2_6_ :
T’Rennsylvania .......... s o
Lo eV PR R S

se furnaces.
It will be ﬁoticed from the above tab,le’ thatgillz:aeble quan-
situated west of Little Sandy river, working con:

. the largest per
o % T gl lock Or€ESs, use :
S8 e eous IOIV{v::;t:n Furnace, which is compelled

cor-
o consumes
I ores than any other, also co arHACE
to use more,of these Iron Hills Furi X

: lime.

respondingly increased amoulﬁt i its silicious nature by the

. OwWS ; i
working the Lambert ore, shov The furnaces, o
amountgof lime which it was obliged to l;-Se.estone and kidney
the other hand, which work the uppfri. ir: only ranging from

| amount of lime,

ores, consume a very smal

ted ore.
ount of roas B 2
| e diedien rnace by a preliminary roast

is prepared for the fu i hioen
in;};i (():;Tciaft)ior? This is, as yet, done altoge
heaps or piles, so-called kilns.

centage of limestone.

The fuel used i 171

is charcoal:
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‘braze, fine charcoal, which is pulverized in the manufacture
and handling. The ore is piled in pyramidal heaps upon a
framework of logs, in alternate layers of ore and fine charcoal,
The pile is then ignited at the bottom, and allowed to burn
until the charcoal is all consumed, which usually occupies sev-
eral weeks, when the ore is screened from the ashes and dust,
-and charged in the furnace. None of the furnaces as yet-have
roasting ovens or furnaces. This process, as usually conducted,
probably offers more room for improvement than any other
feature of the iron metallurgy of this region. It is open to
‘serious objections, not the least of which is, that there is no
~control over the operation after the fire is once started; the
whole success is dependent on the judgment of the man who
“sets” the pile; if he properly arranges it and distributes the
necessary amount of fuel, the operation will go on success-
fully; if not, there is no help for it, until the pile is all burned
-out. It is extremely difficult, if not impossible, to roast all por-
tions of the orealike. The interior of a heap is apt to become
too highly heated, while the exterior may be scarcely warmed.
There is great danger also of looping or melting the ore
before it is roasted. This is quite a serious injury to the ore,
rendering it more difficult to smelt, and materially increasing
the liability to loss of iron in the furnace, through its entering
into combination with the silicious matter present, forming sil-
icates of iron, which are apt to go into the slag. Looped or
melted ore is more difficult to smelt, as it is so dense and
compact that it is impermeable to the reducing gases of the
furnace. .

These features are inherent to the system, and no care can
-entirely remove them; but the custom of roasting many differ-
ent kinds of ore together, putting in one pile hard carbonate
block ores and shelly limonite kidneys, without regard to the
fact that they require very different treatment, as is often done,
.fadds another and probably the strongest objection of all. It
s a question whether roasting in open heaps is a method
suitable for carbonate ores under the best circumstances; but

‘nothing can be more injudicious than to pile indiscriminately,
,'72
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into one heap, a mixture of carbonate and limonite. ores, and’
then expect to roast them all suitably at one operation. The
result is, that if fuel enough be used to properly roast the hard
carbonates, the limonites are looped; and if the heat is regu-
lated for the limonites the carbonates will be scarcely affected,
and require another treatment. Moreove.:r, th.e carbonate ores
usually contain more sulphur than the limonites, and for this
reason they should not be roasted toge‘gher, as the sulphur
escaping from the carbonates is apt to impregnate, more or
less, the other ores. This method of roasting is not an effect-
ual one for the removal of sulphur. This can be much more
thoroughly accomplished by the use of permanent roasting
ovens or furnaces, in which the process can be under complete
control, and the heat easily regulated according to the charac-
ter or requirements of the ore under treatment. %

The present inability of the charcoal furnaces to use the
hard blue carbonate ores, and continue the regular production
of a coarse-grained foundry iron, has been alread'y refir'rtlald t;:)e:

We thus see that by far the greater proportion o d. :
ore in this region is practically un'available. If}thls 1.snexrz:/ez-
be used by the charcoal furnaces, 1t must be after iamhnr Izan bev
method of roasting is introduced, l?y which the sulp 11(1)0 %l
effectually removed, and the ore, instead ofdbCIiltlhg ot I;dmis_
melted together, as at present., can be roaste \\;gil oy
sion of air enough to convert it into a porous, €asty

peroxide. A

At present it is regarded as a finali ced to produce a hot
agers that the blue ores cannot be e 1 1u’loning large
blast foundry iron, and they are th.erefore )131 )allsincr it in the
quantities of excellent ore of this .kmd, -0th sel(;r Orbﬁnc o
production of cold blast iron, in which a llg. > Clzed and roasted
is no objection. Where this kind of ore 184

i ary to
: i it is sometimes found necessary :
e e it is all converte

: for
roast it two and even three times, be The bad economy
into peroxide and ready for the furnace. rovement, therefore,
of this operation is readily seen. Any 1mp

% f now
which will enable this vast amount O

1an-
ty by many furnace n

173.

useless material to-

T —— -t ———
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‘be utilized, will add materially to the wealth of this portion of
the State.

The introduction of roasting furnaces and an improved and
more intelligent conduct of the process, might not, it is true,
-completely accomplish this result ; but it is an experiment
which can be easily tried, is not expensive, and if it did not
succeed in making the blue ores available, would certainly
show an economy and improvement in the process over the
old method which would amply compensate for the slight
-expense.

Roasting in furnaces or ovens consumes less fuel and costs
considerably less per ton than the old method, as well as re-
‘quires less time. In the roasting kilns used in the Cleveland
iron region in England, the ore, a hard, impure carbonate, is
roasted in about two days, and about one ton of coal slack is
used to roast twenty-five or thirty tons of ore. These kilns
are shaft furnaces working on a similar plan to the continu-

-ously operated lime-kilns.

The quality of the charcoal pig iron of this region has been
before alluded to. Its chemical composition is shown by the
following table of analyses by Dr. Peter and Mr. T albutt:

Bellefont | Bellefont | Bellefont
Mill. No.1 [Silver Grey.
Foundry.

Iron..........,,_ 3
Graphitic carbon , R E R PR ety 92?2; 93'203 82'902
Combined carbon . , . . e B8 b e i s
Manganese , . , . . . ' .310 .220 .070
L e AR s A A SR R .054....05
e ATt ok oI O SR R 2.525 2.389 5.83
Aluminum -, -.-.. .220 1.160 .2
‘Calcium . . , vl AN TR P it B
Magnesium , , |, T e i e Bt s i S
Potassium............'....'...' yo & g olteey
N e § g ot
Phosphorus ., , , . | ° AR T O 3 e Ry A 9
‘Sulplll)ur..... -568 -194 -417
................ d14 .005 JII4

ROl a2 s

e L SRR B Y Y 98.763
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Pennsylva- | Pennsylva- | Pennsylva- Pennsylva-
nia Mill. | nia No. 2 | nia No. 1 | nia Silver
Foundry. | Foundry. | Grey.
.630
A 94.764 92.856 92.060 90
b E R R S A S ; A Ao
-Grapl}iticcarbon. AR TR TR I Sorh v s sl s 2332 . .3. 2-30. %30 v
Pk W et ST o SRR ol BRI
v .200 .360 300 Lol diide
Slagh. .860 .817 .740 <741
gg}?l?ufm' ' A SO A S .033 .046 .033 040
Total Shid ke et ebid Patiew e w]?  WOGETR0 99.854 99.567 99.710
Mt. Savage| Mt. Savage| Mt. Savage | Mt. Savage
Mill. No. 2 No. 1 |[Silver Grey.
Foundry. | Foundry.
89.687
S ENOE R TR 93.268 91.584 91.502 gl
‘g:;)};itic.cal.'bén'.: ..... e et o e e 3.950 2.600 2.233 p e
‘Combinedcatbon. . « « « + « o ¢ o o & . -770 Ui 1. °.79 :123 ST
T O AN ST R DR PO TR TR (2 A ok
gilicon... lzgg 3630 I.I6<§ "
SRR g iy Rt A8 AR e s
g el R e LR Rk i e VY e
e LS ML L SR e s TR ot :
et SRR ISR AL A SN R fre
i T RO SRR SRR S e R o0 B 4 <l e ool TS
SOWIH S L 670 T (o ata o TR Sl T o g Yoo
RBOSphoIB , | &-000y 1ol slie fe il «ns o s s “136
5 i e R S e e Tleg 3 e
Total . .| 100.708| 99.493 | 100.682 99.467
2 R S e
Hunnewell |Hunnewell Bueer Vista
No. 2 No. 1 No. 1
Foundry. | Foundry. Foundry.
At 92.368 92.222 92;;3
Iron....................:.. plg. o v :
Caphibicicatbon o Vs v Al v e pimnelion e gty tLa T .690 .(2)12
‘Combinedcarbon......-..----',,.. e R e 1'38
1T U R AP SRR P T R ; AL, 3.011 .90
g - . - - 600
1 o e R R R B e !'Igo .880 .644
Slag. AT W e .
Alomingn, o o o aiwisis cpewn e s e i 048 |. . . o
SN, - naa eleld Hah ey b S S atraceé' '06;
Ma?gn%ium...............-'..- SOKB Lo T i ane )
Potassium,........------":-'. a trace. 2 S oitEels :gég
SOdfIRt R o L R R o e e e S ik .684 474 S
Phosphorus.........---""',.. .026 a trace. .
‘Sulhu..............o----
o .. .| ror.11g| 100.299 | 100.838
1 b R T S R P B
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The above analyses are all from furnaces east of Little
Sandy river, which use the upper limestone and kidney ores
almost exclusively. The analyses are all of hot blast iron,
The grades of iron are known as Mill, No. 2 Foundry, No. 1
Foundry, and “Silver Grey” or glazed pig. - Mill iron is made
when the furnace is working “cold,” No. 2 Foundry when
working between “cold” and ““hot,” No. 1 Foundry when the
furnace is working “hot,” and * Silver Grey” when working
too hot. No. 1 Foundry is the most valuable, and is the grade
which the furnaces endeavor to produce all the time. It is a
free flowing, non-shrinking iron, which is used for castings of
all kinds. «Silver Grey” or glazed pig is of the least value.
It is so brittle that it can be used for no purpose where strength
is required.

It will be noticed that there is a regular gradation in the
amount of silicon present in the different grades of pig iron,
directly proportional to the relative heat required in the fur-
nace to produce them. Mill iron, which is made with the least
expenditure of heat, contains least silicon, while * Silver Grey”
contains the most. The poor quality of this iron is undoubt-
edly owing to the excess of silicon, which renders the iron
brittle or ¢ cold-short,” and unfit for the puddling furnace, as in
puddling the silicon oxidizes to silica, and combines with a
large proportion of the iron, causing a great waste of iron,
and rendering the process slow and difficult.

These irons are all somewhat phosphatic, but not enough to
injure them for foundry purposes; on the contrary, it is prob-
able that the free flowing, small shrinking qualities in this
iron are largely due to the phosphorus present. Sulphur is
low—o:15 per cent. being the highest in any samples analyzed.

The above statements apply equally well to the iron made
at the furnaces west of Little Sandy river, which use the block

and lower limestone ores exclusively.
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HANGING ROCK IRON REGION. 21
Kenton | Raccoon |Iron Hills| Laurel Buffalo | Buffalo Buffalo
NEO(:HI'E N}n;)(.)oznl?., Noe. 1F.,|[No.1 F,,| No.zF.,| No.2, |No.z1F., |Silv.Grey, Noi)lla':
hot blast. | hot blast. | hot blast. | hot blast. | hot blast. [cold blast.| hot blast. | hot blast. |cold biast.
Tron 93.212 909.958 92.724 91.668 92.387 92.697 91.656 8213,1?2 94.232
Gmpil 'm.rf.)o'n 2.940 2.104 3.320 2.950 3-340 2.100 2.790 .ggo 3:780
Comb. carbon. ,;;.?O .116 g?: & 3.32. ggg 1.000 |. . 0.84 1034 o
angan LI ¢ - o TS TS
gfh n SHG 1:633 2.682 2.090 3.817 2.240 1.813 4.106 7‘333 fz
S ke : 2.460 4.180 .300 I.200 H20 1. ... .600 .?os °6°
Alyminum | .330 <479 442 .128 220 1. .04 a 322 X0 s
o T R ] A DR .184 .075 .122 ..... .le)“ e £04
RS e e RER sy Jits > .
Mig“e?iunl- el gt St e ;x s .. 1.22. .ggo ..... .086 .048 048
Potassium . .|, « . . of. 0 .. w4 ke el €y b "é; shivs
?’;do‘s‘;)téﬁls'. « e 486 o ..304 .622 .334 .836 .453 f?(_r; ‘ng :037
Sulphur . . - ‘079 | not det. .046 L0471 .057 .21 .15 X
Total . . .| 101.284 | 100.998 101.298 100. 667 1008593 [ o s e o 100. 845 100.112 101.773

These irons show a very slight excess in the average amount
of phosphorus over those from furnaces east .of Little Sa:}dy,
but it is small. The superiority of cold blast iron seems, from
these analyses, to be due more to its‘ comparative frﬁedfom
from silicon than any other cause. It is made when the Lil‘-
nace is not working so hot as with hot blast., and thosT: metla S,
such as silicon, aluminum, &c., which require .for thex.r reduc-
tion an intense heat, are not reduced to alloy with the iron, but

pass into the slag.

THE STONE-COAL IRON MANUFACTURE.

A A ol
This branch of the iron manufacture, as yet in this regio

i in its i i i become ere long by
comparatively in its infancy, is destined to

: jority of char-
far the most important industry. The great majority

coal furnaces are of necessity, as already shown};-s;mhr;~ ln:;csl
through the exhaustion of their timber supply, wa:—(i:ous pI?I‘he
usually long before the ore supply becomez precn . su[;ply of
permanent manufacture must then be base upor Fortun-
fuel which shall be neither pI‘CC?.I‘iO.US nor exl";ni"‘i’:; R
ately this portion of Rentucky 1s rlChlyl bl?s.sﬁ the experience
supply of a most excellent coal, a coa (;V-ncthe front rank of
of the past six years has proved to stand i dry-burning non-
the iron-making coals of the country. . 11? ¥ :Z raw state for
coking coal, which is used most suc'cessfu y in ariously as the
the manufacture of pig iron. It is know; v PR
Coalton or Ashland coal, and is classed as bo.e7r'1. described in
ical position and equivalency have ivemy e
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Mr. Crandall’s report. It is the Kilgore coal of the old Geo-
logical Reports. It is known as the Coalton or Ashland coal,
from the fact that it is most extensively mined by the Ashland
Coal Company, at Coalton, on the Lexington and Big Sandy
Railroad, Eastern Division, about twelve miles back from Ash-
land, in Boyd county. From the mines of this company the
greater portion of this coal for furnace use has been obtained.

In addition, it is mined on the Star Furnace estate, now
the property of the Norton Iron Works, of Ashland, and at
Willard, Carter county, the present terminus of the Eastern
Kentucky Railway, by the Bellefont and Atna Coal and Iron
Company. It is used in this State by the Ashland Furnace,
belonging to the Lexington and Big Sandy Railroad, Eastern
Division, and by the furnace of the Norton Iron Works Com-
pany, both situated in Ashland. It is also used by the Bellefont
Furnace, of Ironton, Ohio, and will be used in the large fur-
naces now being erected by the &tna Iron Company, near the
same place.

As yet the No. 7 is the only coal which has been successfully
used as a furnace fuel in this region. An attempt was made
several years since to use the No. 3 coal at Hunnewell Fur-
nace, but it was not sufficiently successful to justify a repetition
of the trial. A blast of about four months was made, using
this coal, but the production did not average over six tons per
day, and the iron was of very poor quality, as could have been
expected from the character of the coal, which is very sulphur-
ous. It is probable that the working of the furnace when using
this coal would have been more successful had the furnace and
machinery been adapted to that fuel. They were constructed
foF charcoal and used for stone-coal without any material alter-
ation. The coal is so sulphurous, llOWever, that it is probable
it would always make a poor iron, unless it could be first wash-
ed and coked.

The No. 1 coal, which is probably the equivalent of the well-
known Jackson coal, of Ohio, which has proved so successful a
furnace coal, is found of workable thickness at a number of

'&)::ces in this region, and will probably, on trial, be found to be
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well adapted to furnace use. It shows, in some places, of very

good quality; but it is, unfortunately, somewhat irregular in

its thickness. The following are analyses, by Dr. Pete.r and
Mr. Talbutt, of this coal from the Graham bank, near Willard,

‘Carter county :

I 1L 111
. .80 3.50 3.60
o R R S R S TR SR T 351 e e T
Volatile combustible matters . « « « « o o o o o o « L gL o 5
Xxs:;ledcarbon... wl Azl s
T al .... 100.00 100,00 100.00
AR S R R N AL B Y i TR
61.70 60.20 61.00
T S A PN S RS S R S R A
A 1.274 B 2000 |5t o Sl
SPECIHC STAVILY < o o caio o sie o st v a0 fate e 7
- 2.164 1.148 1.065
S R M e G S e R I T
. |P. N. Moore|P. N. Moore|Geo. Gibbs.
o R R AR S SR e R P

No.I is a saﬁple taken from the whole thic.:kness'of t-}:le
coal, including a pyritous band, which can be reJectt.adkm mtOE
ing’ Nos. I and III are taken from the whole thickness
the bed, rejecting this band. i '

f;*“l’c(:dm thJe abo%/e analyses it is evident that the coa}l1 17 of
most excellent quality. The ash and sul[}J)hu;‘.tzzlre dlz)(z]tbt t(;v;lé

is hi here can be little
and the fixed carbon is high. T e
it will make an excellent furnace fuel, equal to or superior to

ny in this region. i 4
: %he qualit;gof the Coalton or No. 7 coal varxeshgrza.ggr,eitle
it is at some places irregular in its thickness. T e fl b
in quality is due to the greater or less proportion oh tpdis-
present in the coal. This varies grea:cly in very s otr e
tances. The same mine will show coal in different parts

AR
of greatly different quality. The per centage of ash is qui

i etains

uniform, as is the general structure of the (;)al, Vilhll:j; ris o
’ ; the su

dts dry burning character throughout ; but P 5
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ject to rapid variation. The analyses that have been made
by Dr. Peter and Mr. Talbutt, of this coal, usually show more
sulphur than the coal was supposed to contain, and more than
former analyses had indicated. This is due to the different
methods of sampling employed. Heretofore the analyses had
been made from single lumps, or from several lumps, which
were usually taken by interested parties, and probably repre-
sented the coal at its best. This has been too often the plan
pursued by members of Geological Surveys in other States,
and the result has been to generally represent the coals as
better than they actually are. The plan pursued by the mem-
bers of the present Survey has been to take carefully averaged
samples. These were made by cutting a large number of
small pieces of coal from the whole thickness of the bed,
taking them in regular succession from top to bottom, thus
representing the coal exactly as it occurs at the place of sam-
pling. Slate partings, or pyritous bands, large enough to be
rejected in mining, were not of course represented in the sam-
ple, but otherwise impurities were taken if they occurred at
the place of the cutting. Wherever possible .the sample was
taken from a number of rooms in each mine, or, where the
coal was not opened, from as many outcrops as possible. The
constant endeavor has been to secure samples representing
the coal as it actually occurs in the mine. The personal bias
already referred to in the matter of ore sampling, probably
does not have as much influence in favor of the coals, when
they are sampled in the mine in the way just described, for
the reason that the cutting is made right through the coal
w‘here it is once started, and in the darkness of the mine it is
difficult to see what is the exact quality of each piece taken.
It.l sampling coal from a stock pile it is a different and more
dffﬁcult matter to select a fair average sample ; for the personal
bias of the sampler then works in favor of the coal. It requires
a strong ef.for.t of the will to break off a piece of pyritous coal
and drOP it into the sample bag when the sampler sees it
before him in broad daylight. However conscientious he may

':);, he will be apt to think that perhaps if he takes that iden-
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tical fragment of pyritous coal it will be more than the average,
and so he will reason in regard to the next piece and the next,
until in the end his sample will be much better than the aver-
age of the coal.

The following analyses of the No. 7 coal were all made from
samples taken in the manner above described. The analyses
are by Dr. Peter and Mr. Talbutt. The name of the sample
is given with analysis:

g : . 4. B 6.
g § ’ Star,
Specific'gravity . . . « . ¢ o s . I.29I I.320 1.336 1.340 | 1.308 ¥.377
.06 4.40 3.30 7.70
VL S R R AU TR 4.80 5.00 4.0 3
Volatile combustible matter. . . .| 34.20 | 34.50 | 34.24 | 3I.I0 33.33 ;Ej:}g
DR CArDOn 2l e e sy i 54.90 55.40 54.70 | 57.90 57.80 1})' 04
AN IS Rt e e e 6.10 5.10 7.00 6.60 [ 3
IR AN e 3 T o G e 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00
LR TR e s L o 6r.00 | 6o.350| 61.70 | 64.50 | 63.40 | 64.74
T ALY L SRS R R 1,312 1.283 1.854 | 2.095 2.480 1.055
Sampled by . | Moore. | Moore. | Moore. | Moore. Moore. |Crandall.
7. 8. 9 10. 11 12
Star. Star.

SPECific pTavity v . v e v s e e e 1.290 1.288 1.320 |, I.340 ¥.320 1.350
Wate 6.40 6.60 6.06 6.40 ggg 3??6)
HIRER S s el e e e . iy 0 3 '
Volatile combustible matter . . . . 2%;; 34.%2 ;igg ;; .26 32.86 %o
ii:;led S P S 57:50 52:40 e Pt o 4954

Total o ol ul m0D.0D _:o_t;.oo IOO—.OO 100.00 | 100.00 100.00
Cok 66.38 | 59.04 | 61.00 62.20 | 62.00 61.74
L NP R R FE LS 2
631
.867 1.670 2.200 2.03
£ AR S N E NG AN .973 724 | 1
Sulpbis .74 30 Rl 9 Foch
Moore.
‘Sampled b Crandall.|Crandall.| Moore. Moore. | Moore. oor
B - O R Wy s 5
181
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No. 1 is an average sample of the coal from the stock-house-

at Ashland Furnace, taken to represent as nearly as possible
the coal as actually used in the furnace.

Numbers 2 to 3, inclusive, are samples, each one taken from

several rooms in mine No
. 4 of the Ashland .
above Coalton, in Boyd county. and Coal Company,
No. 2 is from several rooms

about two hundred _

Ya;\?s from the west end of entry No. 4 it e 7
o.2dn ;

of entr\; Noon.ld,r.Ooms about three hundred yards from east end

N :
L s;)r.ni t;rr?::yfooms about eight hundred yards from west end

II:IIS.S 56frtom8rooms opening into the Dry branch cross-entry.
¥ - 0 to 8 are samples taken from the upper, middle, and
abvger rr;lembers of the coal bed at the old Star Furnace mines
Whi:}?}f s furnace. The samples were taken from the pillars,
] ad been exposed for some time, and probably contained
ess sulphur than the freshly broken coal. y ‘

No. 6 is the u T

% pper) l\O. the m.

stratum of the coal. 7 iddle, and No. 8 the lower

Nos.
B Cga?n;l I0 are §ar}1p1es from the upper and lower layers
i » 1€re consisting' of but two members, at an opening
o Cart;’anch of Straight Creek, Mt. Savage Furnace prop-
on tile banli C;;lcrilt]y. e samples were selected from doal
) 1ence are probably n
as those taken in the mines.P SRR b b i

No. 11 is a sampl
: ple from the ol :
near Willard, Carter county.e old Watson drift, on Lost Creek,

o 1\\21\(7)511;(115 ér;):eseveral rooms in the mine west of Dry Fork,

- a,na] Ses}‘ C}(l)unty, main entry.
e Su]y hurs' ovs;l.the great variation that exists in the
s g Y t}f)e un'l? t is c9al. In other respects, as will be
5 q’uite un.;ﬁormlty 1s remarkable. The per centage
B orm. The sample that shows 11.10 per
€ upper member of the coal at Star Furnace, a

layer that i

Is not taken down i .- e ’
sulphurous and slaty N In mining, as it is usually quite
182 :
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These analyses were all made from carefully taken samples,
and they showed the coal to be more sulphurous than gen-
erally supposed, and more than analyses heretofore published
had shown. They also indicate a coal poorer than similar
coals from other States, judging by the published analyses of
them, which, however, had probably been made from picked
specimens, or at least there was no description given of the
character of the samples from which the analyses were made.

Actual experience with the working of this coal in the fur-
nace, for the past eight years, as will be shown more in detail
further on, proves that it is a most excellent iron-making fuel,
and that it ranks among the best of the country, although the
analyses did not show as well as those of similar coals from
other States.

With the view of making a trustworthy comparison with
other successful iron-making coals of the country, based upon
analyses from samples which were taken in the same way, and
were known to be honestly and carefully selected to fairly
oal as it actually occurs, not picked to make as

a Block, the Big Muddy,
Jackson,

represent the ¢
good a showing as possible, the Indian
llinois, the Hocking Valley or Nelsonville, and the
Ohio, coal regions were visited by members 9f the Survey,
and samples selected in the same manner as in all the Ken-

tucky coals.
The following are the analyses b

Talbutt: .

y Dr. Peter and Mr.
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I 2 3 4. 5e
petIc gravityr L 00l TR R R S TR T 353 I
s 4 Rie L e .310 I.310
L R b ke
]Yio)::(t{“e cgmbustible matter z 3;'?8 3g'§§ 32.62 o N
agilion i TRE G e e R e , - 3 85 )
re-viNep i RN S SR Y 55-50 | 55.64 ( 53.58 gs.sg ;;?:
s 9.00 5.28 7.42 6.76 5.16
OO S0 T e wie e
......... I00.00 | 100.00 | I00.00 | 100.00 | 100.00
ORI s s
.......... 62.50 ’ 60.92 | 61.00 | 65.34 64.70
Sulplius 270
.......... 2.373 | 1.664 [ 1.803 | 2.472| or1.370
Sampled by . , ., .
B0 & o ) i Y st bt @ Moore. | Moore. | Moore. | Moore. | Moove,
6 7 8. 9 10
Specific gravity . .
.......... 1.346 | 1.303 | 1.312| 1.361 I1.322
Wabenvy 2. ;
I\:’;)xl:(llilza::](;;nbustible matter..: .... 3:’;32 2.74 eaii .8 o
D T Ly B e % ] - i : A
AR T T e o 104 B S| ol G
2 TR .56 4.20 5.32 8.72 6.10
........... 100.00 [ 100.00 | 100.00 | 100.00 | 100.00
Coke Ba i 0%
........ 62.68 | 59.94 | 60.52 | 65.78 59.90
Sulphur ., , .
...... 2.247 | 1.299 | 1.650 | 0.758 | 1.848
Sampled by I

| mn(hl].mendaH.Lrandul].;(,mn(iall. Moore.

Nos. .
I, 2, and 3 Indiana Block coal, from near Brazil, Indiana.

Samples .
re
Each samplsrvs:enttlig tfhe coal from three different mines
S taken from seve i :
SO ! ral rooms in i
as to represent it as fairly as possible S

among the best of :
that
been, or is now region, and coal fr

iron.
184

These mines rank
om all of them has
i diffe;esrilcce;sfully used in the furnace for making

€€ between these analyses and those here-
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tofore generally published, strongly points to the probability
that they have been made from picked samples.

Nos. 4 and 5 are from two of the best mines in the Big
Muddy coal region, near Murphysboro, llinois. Large quan-
tities of coal from both of these mines have been used in the
furnaces at South St. Louis.

Nos. 6, 7, and 8 are samples of the Hocking Valley or
Nelsonville coal, from mine near Nelsonville, Ohio. No. 6
from the upper, No. 7 from the middle, and No. 8 from the
lower division of the coal.

No. g is from the well-known Jack
analysis compares very favorably wit
lished, except that the per centage of ash is much greater.

No. 10 is from the Sheridan mines, Lawrence county, Ohio.

All of the above are excellent fuels, and, with one exception,
the Sheridan coal, which has not as yet been tried for iron-
making, they rank as the best, or among the best, furnace fuels
of the West. The analyses of them heretofore published show
much more favorable results; but they have not unlikely been

made from picked specimens.
Long trial has proved that t

son coal, of Ohio. This
h those heretofore pub-

hese coals work well in the fur-

nace, and that the per centage of sulphur is not su'“ﬁcien% to
seriously injure the iron made with them. The conclusn?n,
then, that these analyses point to, is, that a larger proportion
of sulphur than heretofore generally supposed, can be Qresent
in a coal without destroying its availability for iron—makmg.
The No. 7 coal, as shown by the analyses a}ready given,
compares very favorably with the other iron-making coals, and
is superior to most of them. When properly selected for the
furnace use, as must be done with all coals, no matter fvhere
they are from, it is among the best of the furnace coals in the

West. :

There is no coal which is of uniform quality throughout 1ts
whole range; there is variation in all of them, and the No. 7
coal is no exception. It holds the same gener:all charlactelr
throughout, but is more Or less sulphurous, according to local

ity. 185
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The first attempt to use this coal for furnace purposes was:

in 1866, when a considerable quantity of it was sent up the
Ohio river to Martinsville, Ohio, and tried in the furnace
there. This trial resulted so successfully that in 1867 the
Bellefont Furnace was erected at Ironton, Ohio, relying upon
this coal for its main supply of fuel, although a considerable

proportion of coke is generally used. This was followed, in,

1869, by the erection of the Ashland Furnace, at Ashland,
and in 1873, by the Norton Iron Works at the same place.
These two furnaces are, therefore, as yet, the only ones in this
portion of Kentucky which manufacture iron from stone-coal.
They are among the most successful and complete furnaces in
the West. :

The following are the principal dimensions of the two :

Ashland. Norton.

BRGGhE: i & 5l 6 1 A S S T L R 60’ 67’
Pmnter F Bokh L o e e 15’ 18
SNOP OF Wb .. 3 L T RS al e g Y T b 72° 73%
SUNININE of Sheodl o oy 5 b e e R 10’ 9
SESENE O hemrth U L S 6’ i
Diameter of hearth at bottom, , . . . . . . [ . °°" 6’ 6
Diameter of hearth at ROP SR S R P S 6 6
SO tpends <o e A e s 6

SRMRENEAN. tayere o CC L S T T SIS " 4"
tlelght of tuyere above hearth ..., /(1) 1000 wp 316" 34"
Vertical blowing EIRInes o et sty s ST I 2
Diameter of blowing cylindbrl" & (B30 ol Sl it e b
SEOKE ol Dlowing eylindee, 1, s wisidg sk o 6’ 4' 6"
o e of stedm oylindér, iv. LR SN0 3 2’ 8
Stroke' of steam cylinder. . . . | .0 1 ° ISR 6 46"
Sismber of ot blast ovens. .. 7 [ G S R e
Hot blast QY Cme - patten, LU S S s S Plaver. Player.
SPstibempenatute of Blast .5t o0k e DR e 900° | 850° to 1000°
Usual pressure of blast—pounds . ., . . . . B A T 8 6toy

The Ashland Furnace has a
four masonry pillars at the bas
and casting embrasures.

n iron-shell stack, resting upon
e, between which are the tuyere
The furnace produces mill iron only.
It averages a production of from thirty-seven to forty tons per
day. In addition to the native ore, which it receives by the
railroad, it uses Iron Mountain ore from Missouri, mill cinder,

and sometimes ores from other localities.
186
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For fuel it uses the Coalton (No. 7) ‘coal alont?, not consum-
ing a pound of coke after the i:urnace is filled w1th. that mate(;
rial at starting into blast. This fact is of great interest ;lm
inportance, as  showing the high rarilk 'of the Coalton coal as
an iron-making fuel. It is of especial interest for compan?on
with other dry-burning furnace coals of the West. The -arci
famed Indiana Block coal has never be.en successfully worke
in the furnace for any length of time \YltllouF the use of a con-
siderable amount of coke to mix with it, \yhlch coke llats.l}.]e;e-
tofore been brought all the way from Pittsburg b}y rfal ; Cz:
lately coking ovens have been erected at some of tlufi urntz;. i
in the Indiana Block coal region, to coke the coal from th
0“’;;2‘%?; Muddy coal of Illinois, wl.lich is the fuel 1}1139111 \th;:
the iron manufacture of St. Louis is based, and \y nc; lsm
excellent coal, has never been used successfully alone for any

The furnaces of St. Louis have also been com-

length of time. to use with the

pelled to bring coke all the way from Pittsburg

1' . . . e .
CO;;‘he Hocking Valley or Nelsonville coal, of Ohio, which is

also regarded as an excellent furnace fuel, hlas nlot:, lf;?;lr U;ﬁﬁ
alone without some admixture of coke. ()11,y t\m 1 of south-
and the Massillon coal of northern, the Jad.{SOIll,L.Oflbccn ok
ern Ohio, and the Coalton coal of Kentucl\y’, h?\’ zoals of the
for any length of time alone, of all the furnace :

West. et
The Ashland Furnace, in whic
so excellent a fuel, is one of the most successfully man

3 : ished a blast of
the West. On the 20th of June, 1874, 1t 'ﬁ1115hT(.1 1’l it? made
three 'e'a'rs and four months duration, during w u?% e lulm]-
ona h?aarth of Mt. Savage fire-brick, forty thousi{}(h' \time as

g . 1 C §i e
f iron; during whi
red and twenty-seven tons O i e the
already stated )ilot a pound of coke was consun;lcc;g A
first ﬁl}lfing of iche furnace. This is a recgflclilci:)(’: frc;m twelve
1 e stops on )
naces can equal. This furnac : : esents a less
to twenty-focll,lr hours, so that this produc.:tlon rfef)};‘e SR
number of days blowing than the total time 0O

his coal has provcd to l?e
aged in
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The following is the record of this furn .
. ‘nace con
production for the past five years: sumption and

1870. | 187L. 1872. 1873. | 1874,

Native ore (roasted) used, tons of 2:
1 M & S 240 lbs. . 6425 74 88
. (;3'::!1' ():‘):Snt’un s o L 6 :: 5630 7532 9423 Igéglg 2‘7“5?3
Mill cinder o ik % fjg{’, ar | 1077 | 88| 568
Limestone c 5 2731 6

: 2268 5000 [ siBe| a8l oes| e

C l S
oal (tons of 2000 1bs.) used . . . 23466 | 25166 | 33923 34499 *Ig?gg

Iron made, tons of 2240 1bs.. . . . . . . . 9316 9509 | 12105 | 12741 6
4 710

Tons coal (2000 1bs.) to ton iron, 2240 lbs. . ) § 2.62 2.80
s 3 . 2.70 2.85

4 5 %
Aver age per centage of iron in the ore mixture 486 5}.5 52.4 2.8 46'4
5

Tons of limestone to ton of ore

...... 0.30 0.29 0.29 0.3I 0.33

- 1
Including 230 tons coke used in starting the finmace

T : 3
. iShereblsbi:m error in the amount of coal consumed in 1870
g irofr)lr(:nzd y under-.estlmated about one fourth ton to the ton

e. Leaving the consumption for this year out of

consideration, as bein i
E g uncertain, the table gi '
four years, from 1871 to 1874 s b

: inclusi
tion of 2.74 tons Ve BT avernge congsp:

B e Si r2a?r<?o poun.ds each) to the ton of iron from
‘corresponds to about gl S g fifty per cent. This
This consumption is | 2-44 tons of coal of 2240 pounds each.
in the majority of tl}sl ess than that required for a ton of iron,
of similar chaZacter ; szUI‘naces of the West using other coals
furnaces are most] : f . JaCk.Son’ Ohio, where, however, the
stated at one hund ydob . consumption of coal is
and four tons AZEM us}.1€]s per ton of iron, or between three
used, the e‘lui;/alent ofaismon’ Ohio, where the No. 1 coal is
four tons of coal are the Jackson and Briar Hill coals, nearly
the consumption of tlconfumed to the ton of iron. In Indiana
B e i he Blo?k coal ” is about three tons, and
are usually of high grade, from Missouri or Lake
e these are higher than is desirable, and much
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more than theoretically required to produce a ton of iron.
The volatile matter of the raw coal is considered as having
little or no influence in the reduction of the iron, which is
effected by the carbonic oxide produced by the combustion
of the carbon in the coke, which is therefore the valuable ele-

ment.
The average per centage of coke in the No. 7 coal, as shown

by four analyses from the Ashland Company’s mines, is 62.5.
The consumption of 2.44 tons of raw coal to the ton of iron is
therefore equivalent to 1.52 tons of coke, or about 30 cwt.
When it is remembered that at many of the furnaces of the
Cleveland district of England a ton of iron is now made with
18 or 19 cwt. of coke, or less than a ton of coke to the ton of
iron, the ores at the same time not yielding more than forty
per cent. of iron, the improvement yet to be made in this
region will readily be seen.
The average consumption of coal per ton of iron at the
Norton Furnace, as will be shown further along, was 2.69 tons
of 2000 pounds each, equivalent to 2.4 tons of 2240 pounds.
Of this, however, about 8 per cent. was coke used in the early
part of the blast. The mixture of ores did not differ g‘reatly
from that used at the Ashland Furnace. The consumption of
coal is very nearly the same in both furnaces, showing that
the quality of the coal is very similar, and that 2.4 t0 2.5 gross
tons is the amount which as yet the best practice has required
in making a ton of iron. \
The Norton Iron Works comprise three separate t?stabhsh-
ments—a blast furnace, a rolling mill, and a nail mll'l. Thfa
works were erected in 1873, but did not go into operation until
the spring of 1874. They are among the most extensive a;d
perfect of the kind in the country. The dm}ensmns of the
farnace have been already given. it is an 1ron—s'hell stac'k
resting upon iron pillars. The hois'ting apriratus is an Stls
elevator, working in a substantial brick building. Everyt m;(gl
about the furnace is constructed in the most thorough an
substantial manner. - There are five hot blast ovens of the

; . Gt
Player pattern, and twelve boilers, each 42" diameter by e
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long, which furnish steam for both mills and the furnace, The
boilers and hot blast are heated by the waste gases from the
furnace. The iron produced at this furnace is mostly mill iron,
which is made into nails. There are.in the rolling-mill sixteen
puddling, and two reheating furnaces. This mill works only
for the preparation of plate for the nail machines, of which
there are eighty in the nail mill, producing four thousand kegs
of nails per week. :

For fuel this furnace uses the Coalton (No. 7) coal, from the
mines of the company, on the old Star Furnace estate. Some
Pittsburg coke was used in starting the furnace into blast, but
it was not long continued. The total amount used was not
quite 2,000 tons. The No. 7 coal is also used in the rolling-
mill, where it proves a very satisfactory fuel in the puddling
furnaces. Ore, mostly kidney, is obtained from the Star Fur-
nace lands, and also limestone ore from the old Kentucky
Steam and Caroline Furnace estates, which are now owned by
the Norton Iron Works Company. In addition to the native
ore, a considerable amount of Irop Mountain ore is also used.
The following are the statistics of the working of this fur-
nace for 1874. It did not g0 into operation until the latter part

of February, so that these figures represent only about ten
months’ operations

Native ore used . tons of 3268 pounidy .1 ki 8592
Iron Mountain ore, « g R e Nl R e B 8228
Mill cinder , . . S G0 SN R S STREC TR BN | Knaoey g e d 2417
Limestone . . , . 42268 e Sl Rt wiiieg FU Shibhe: 7810
P AR R AR “ 2000 “ 26334
20 Ll i s il i ST T ERE G St B8 Fd 1930
Iron made, tons of PHRTIONL N R e / 10502
Per centage of iron in the ore i, o L S TS T S T j 54.5

Tons coal and coke (2000 pounds) to ton iron (2240 POBhOS) =¥ 0 gt , 2.69

Tons limestone to ton of e P AL N SR ! 0:40
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As yet only the No. 7 coal, from the min.es. of ,the Ashl:;nd
and Norton Companies, in the Vallex of Williams’ Creek, f.as
been successfully used for iron—mal.cmg. The coal has a allr
wider field than this valley, where it has been 50 exte;l;lvely
mined, and it is certainly highly impr().bable that it §,h01111 only
be found of quality requisite for smelting purposes in t z;t nart-
row basin. It is finely developed to the south and 1sout wezCi
showing at places as full adthiclkn}fss‘ 1jmd ::};I:lreegta{ :\S,riﬁ;)rd

ity as where first mined. It has been i
?nuaé:ﬁer county, on the land of the ?ell('efont and ﬁE;natCISS;:
pany, and the coal unsuccessfully ‘frled in the Belle (t)lne e
nace, at Ironton, Ohio. The opemqg.wa's madel on t;]e .
side of Dry Fork, in a spur of the main ridge, x;merfat i
was thin and quite sulphurous ; SO much S0 ’c1at1 1Sis gy
readily to the eye that it was impure. Thel anat}y Ry
2.63 per cent. of sulphur. It is no wonder t}llat du;ortheast
Wa: unsuccessful. There is a largeﬂ ﬁe}d nor‘t alil e
of this, on Lost Creek, Davy Run, Straight L.r‘ee ,“ rbeh
Mt. Savage Furnace property, whfzre the coal is Cxlveualit pes
in thickness, and at many places is Qf very goo ; qeg bz.found
probable, or almost certain, thz'tt it will at 1nan27§ea§uéh e
of quality suitable for iron-making. It ma}j no SRy
opening or outcrop, as it is not, where most succes

i d of
but there is every probability that abundance will be found o

It should be remembered that not every

the best quality. k, where

i Villiams’ Cree
room nor every entry of the mines on \V}lllglm s kg
this coal is best developed, furnishes a suita e) Byl
uses. It has to be selected for that purpose Ir

i oal changes
parts of the mine, and the locality of the best ¢ g

frequently. ion. it is certainly prob-
: : nd selection, it 1s
With careful prospecting a G aThars the
able that furnaci coal will be found at réllarly plac
; ened. :
coal is now either unknown or unop immense

h
There can be little doubt. that}li:}‘:iigs a:‘leli;i(:neis so richly
starcs of this excellent fitel, with w There is also little doubt

i de servicable. d in
flrlli()v(::i;t‘z:lll;infcah poorer fuel will be successfully use e
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the manufacture of iron than is now supposed to be possible;
and great quantities of this coal, as well as others which have
not as yet been tried, will become sources of wealth.

The tendency of modern improvements in metallurgy is to
the invention and introduction of appliances whereby more
impure fuels than formerly supposed available can be used in
metallurgical operations without detriment to the resulting pro-
duct. Whether this desirable result will be attained through
peculiar construction of furnaces, or by the purification of the
coals by some cheap process of washing and coking before
they go into the furnace, is impossible to say. It is not un-
likely that both methods will be successfully introduced.

The quality of the iron made with the No. 7 coal is shown

by the following analyses, by Dr. Peter and Mr. Talbutt:

No. 1. No. 2. No. 3.

Iron . R AR S 71 R T L R A M 9I.420 90.899 89.731
RENPRAS COMMI .y AL T ARG 6 T 2.460 2.560 1.660
Skmbtuetl atbon., 5L 0L AN S B ARG NER, .240 .160 .790
i L R T S S .195 .236 471
O O L Ny i R 3.709 5.121 6.308
Slag. ....................... .540 .760 1.120
Calcxurq ..................... .176 .072 152
R R R e iR S S 233 106 .0bo
;’hlos}]])horus .................... .385 -394 -461

R m e R S RS o s L e e O .082 045 | 015

o | R A U S Sy LRGeS A 99.440 | 100.353 100.768

No. 1 is the No. 1 mill iron, from the Ashland Furnace.
No. 2 is the No. 2 mill iron, from the Ashland Furnace.

No. 3 is a grade of foundry iron, only occasionally made at
the same furnace,

All the above were made with the No. 7 coal alone, from a

mixture of sixty per cent. native ore, twenty-two per cent. of
Iron Mountain ore, eighteen per cent. mill cinder.

STATISTICS OF TRON PRODUCTION.
Below will be found the statistics of the pig iron production
of this region for the five years, 1870 to 1874, inclusive. These

figures have, in nearly every case, been obtained by a per-
192
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s’onal inspection of the furnace books, which haV(? alway.s been
kindly placed at our disposal. In a few cases it was impos-
sible to obtain the exact figures, owing to the careless manner
in which accounts were kept, or to transfers of furnace prop-
erty from one owner to another. In these cases the ;])Droﬁu(ci-
tion is given as estimated from the best data that .couldh e ha ;
and the figures are marked with a star (*),‘ shovtnng that they
were not as trustworthy as the others. Itis beheygd that th}s
is the most complete and accurate table of statistics c;lf thi
region ever published, notwithstanding the few errors which 1

contains.

x S H
TABLE SHOWING THE PRODUCTION OF PIG IRON ((JROSEI'(I;(;N;)RION“’I;S;Z
KENTUCKY DIVISION OF THE HANGING ROCK IRON RE " h

!k CHARCOAL IRON.

ot 1870. 1871. 1872. 1873. 1874.
600
% 334 | . 2850} - &
Bellefont . . » . . . . . ... *‘I)z(l)z. *fz,gg not in blast.|not in blast.|not in bl:slt.
Boone . VTR ORI AR O S Y 3448 2808 3800 3602 *1042
Buiena Vista. .0 80 o 1407 1258 2262 1%52 4371
I G T e e e 3059 2265 . 4322 3 II 822
Hunne\:vell ........ ot in blast.|not in blast./not in blast. 2130 3525
HEOTE Bl i S e S - 1334 2865 l3 s 1300%
T e SRR RIS SR e 1890 1850 (7)30 2017
1\IJIalturgl S R A SR e 2203 2%07 2213 1751
Pen A 2110 1592 s 4 1467 1320
Rennsylvama ........ %750 882 1247
oo E R A R
c 2288 23861
Total charcoal iron. . . . . . 17216 18512 it 1
STONE-COAL IRON.
6710
12150 12741
...... 9316 119509 in blast.[not in blast. , 10502
ﬁz}izgd e not in Ilggszt not in Ibgl;;t not mx)6;3 959 [not in blast.
R e W RN PR e >
S raTe At 25 17212
Total stone-coal 10618 11467 13748 e
ofal stone-coal . + « . + . -
2052 36587 41073
Total pig irons of all kinds . . . 27834 29979 ¥

able data at command.

#Not from furnace books. Estimated from the most reli 193
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REPORT ON THE GEOLOGY OF MENIFEE
COUNTY.

Menifee county has an area of about two hundred square
miles. It reaches from the Licking river to Red river, along
the Morgan and Wolf county lines, on the east and southeast,
and extends, in a narrowed and somewhat irregular outline,
into the valley of Slate creek, to the westward. As will be
seen from the accompanying map, the drainage of the county
is effected by Beaver creek and its branches; by Salt Lick, the
head waters of which are within the county, forming a valley
that leads into Bath county on the north ; by Clear Fork, Haw-
kins Branch and other branches of Slate creek, which rise in the
western part and flow into Montgomery; by the greater part
of Indian and Gilladie creeks, tributaries of Red river, on the
south; and by some of the branches of Blackwater creek on
the east. The Licking river forms the boundary from the
mouth of North Fork to the mouth of Beaver creek, and
drains a narrow belt along its tortuous course.

The area of the county is therefore made up of several
drainage basins that open outward from the central part.
These basins or main valleys are bounded by high ridges,
which, together with the almost numberless minor ridges and
spurs that determine the local drainage, cover a large part
of the area, the main valleys being a complicated system of
drainage by multiplied ramifications of narrow valleys, rather
than basins, with broad bottom lands.

Geologically the county ‘s stretched across the outcrop of
the lower members of the coal measures, and nearly across
the belt of the Lower Carboniferous rocks, as represented by
the Sub-carboniferous limestone and the Waverly shales and
sandstone. This fact, more than any other, carries with it

the explanation of the character of the surface, as already de-
197
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scribed; for it brings the hard Conglomerate sandstore of the
coal measures in that relation to the surface of the country
which makes it the most important factor in the determination:
of the character of the drainage. The result is what has
been described. A general inclination of the rock beds to
the east and southeast varies somewhat the results of ero-
sion, as represented by the valleys in the different parts of
the county; but the variation is one of degree rather than of
kind; for the type of valley, as seen in the middle and eastern
part, where the ridges are broad and the cliffs of Conglom-
erate hem in the narrow valleys, is still preserved on the head
waters of Slate creek, where the Conglomerate cliffs, capping
the hills, preserve the steepness of the hillsides, and continue
the system of ridges and spurs, but with narrowed tops and
broader valleys, out into the belt of the Lower Carboniferous.
rocks. The cliff making, Sub-carboniferous limestone below
the Conglomerate, although no more than forty to sixty feet
thick, serves to extend this system beyond the present bound-
ary of the Conglomerate.

The causes which lead to the disposition of the main val-
leys in a somewhat radiate order, are also closely connected
with the geology of the region. Between the hard magne-
sian and cherty limestone of the Upper Silurian, and the cliff-
making, Sub-carboniferous and coal-measure rocks, about five
hundred feet, mostly of shaly rock, is interposed—the Devo-
nian black shales and the Waverly shales and sandstone. As
might be supposed, this gives rise to a broad valley, having
for its boundary the inclined Silurian beds, on the one side, -
and the receding edges of the Waverly beds, capped by the
harder rocks above, on the other side.

Long-continued erosion has widened and diversified this
valley, cutting in advance of the receding crests of lime-
stone and conglomerate the smaller valleys that head against
Beaver creek and Salt Lick. Thus, the dividing ridge be-
tween Slate creek and these streams has come to have a
north and south direction, rather than northeast and south-

w:st—the general direction of the line of outcrop. But this
19
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main ridge terminates southvs:iard ir: efxrr;?lh‘evzﬁrcn}?x& :(Vzlvie(;:;a;f
ing its general course east and west, el i
northward, and the tribut . :
fil:: :cr)ll?thlj)ve:::ie.:r {?I?}:L westward extension (')f thisdrlé\%e ;srla
inuation of the boundary of the Devonian an averly
contmua1 dv described. The eastward extension, as also
V}?lleil;dleiac{lange in the direction of the boun_delry of %/latie
zr:ek valley, is explained by angtiller sezeopfn(;zlslcll;l(t)lx:: inClizra_
i in the direction and the s : :
;tlitciﬁns’f 1t)}cx);hrock beds, becoming import.ant facti)rls;. ult}:I;: crlieit;(ra.
mination of the direction of the drainage alo {g Wi
| eastward dip of all the rock.s in this gh ;
The'genera depression which coincides 1n general with the
onlﬁ?irbzaieyq;na also by a slight depression m1 thefd];:)e;;
ti(fn 21: the Licking river. T.his east.and vs.reslze;lrclgeat oright-
the crest of an undulation which has its axis

reneral outcrop line of the coal measures. It
i which the coal-bearing rocks are
somewhat beyond the general
at the same time it reduces the
coal-measure and

angles to the '
represents an elevation along
preserved to the westward,
boundary of these rocks, a'nd i
width of the valley that lies betwee

the Silurian rocks.
The exact amount . L
general eastward inclination o

i / ~en a

found in Menifee have 1;0; bg' oy Aot ae s

rbidc ‘ ;

: command lo oy

e The depression and consequent dip iz
piiger t casual observer.

Mr. Joseph Leslie, in

il ko
nd the details of the variation from.t ;
v he several rock formations

scertained, the limited time
rate

measurement. 1 g
Red river is apparent to the

TRty iceable. ;
s Siostafbiit Fo 1eSsbnomcations made under the direc-
i erv S,
P . results of his obs
giving the res

. - Professor Owen,* speaks of a numberlof Uaﬂi‘r‘]eztlcoot
e CSS? long the outcrop of the coa mel.. g
i v all iith the drainage basins gy mgies this
i generaﬁ%/e section drawn by him 111uS}tlf3‘e it
‘fNeStward' d ziv[egoapproximate measurements of thes
eature, an PR

PSSR

# Volume 1V, page 456, old series.
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lations. Not having an opportunity to study this profile sec-
tion, it can only be referred to in this report in general terms,
These waves, at right-angles to the outcrop, doubtlessly
anticipated the drainage of the country by the formation of
geological valleys. The thickening of the beds above the
Conglomerate to the eastward, and, finally, the change of the
general dip, has caused the drainage to be westward along
these geological valleys. In this last respect the thickening
of the coal measures east and southeastward is more impor-
tant, as a factor, than it has been heretofore recognized to be;
but as few of the facts that come under this head are found in
Menifee, it is only necessary to refer to it in this report.

. The Lower Carboniferous belt, as shown in this county, is
not entitled to particular notice, except in connection with
the topography; and under this head the descriptions already
published will suffice to give the general reader a clear notion
of the relation of the rocks which it represents to the vari-
Ous economic questions involved. (See report of Mr. Lesley
on the topography and geology of the country along the out-
crop line of the eastern coal fields, volume 1V, old series; also
report on the geology of the proposed line of the Elizabeth-
town, Lexington and Big Sandy Railroad, from Mct. Sterling
to the Big Sandy river, volume I1, second series.) A glance
at the accompanying profile section will show the relation of
the rocks of this belt to those of the coal measures above,
and also to those of the Devonian and Silurian ages below.
The.section is drawn to illustrate, in a general way, the suc-
cession of beds as found in.Menifee and the adjoining coun-
ties to the northeast and southwest, and more especially to
show the geology along a line from Jeffersonville, in Mont-
gomery county, by Frenchburg, to Blackwater creek, near
Sex.ton s NIII.I. The section is necessarily somewhat diagram-
matic, the thlck.ness of the various beds not having been ascer-
:Zlcl;(esdbitl:‘l: f}?;n:i.;]l?;getll}elelil;}e: kIt is stil.l more so as to the
T ge, 3 hickness bemg -assu.med to be

posed. The representation 1s made to
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below the surface. It should also be stated that the profile is
largely diagrammatic for the Blackwater region, the plan .for
having a complete survey of Menifee not having been carried
out.

The coal measures, as shown in the western part of the

county, are represented by a shale series and by the Con-

glomerate sandstone. The former has come to be known as

the Sub-conglomerate shale formation, and the coals fouimdhl'n
these beds are known as the Sub-conglomerate coals. : r; t is
report the term is used without reference.to any general classi-
fication of the.Carboniferous rocks of this field. 1
In Greenup and Carter it was found that these ;hla es \};v;:iz
present, though not always separated from thebs'aaezliire]
the Conglomerate, the Conglon}era'ie sanijf;)nbeecjgﬁg prom)f
i : - Ohio river, in places, -
Xlaellllttmt% ltlllcf:lrscliltch\vest.*k In that region the 1f)wer llnllestonz
hin coal, and a thick bed of non-plastic fire-clay, ar

; S0k o
In this region this shale series is much more p
y a great mass of Conglomer-

Il the productive coal and

ore, a t
included.
inent; and being surmounted b
ate sandstone, it includes nearly a
iron-bearing rocks of Menifee.

The fire-clay bed seems to
in proportion as the Sub-CO{lg.lome'mt sheles oy 1
prominent, the only trace of it in this reglt(:)ln; .Surface. Vs
being an occasional fragment.found upofn1 1':1 i
fragments may lead to the dlSCOVfii‘ydO )Oz)ictcs g g
On the other hand, the coa e'll~1;is R
it a corresponding increase in economic

i late
¢ -ctions 3 and 4, p
i e reference to sec :

values, as will be seen by : : g P
s accompanying this report), 1N whlchﬂt 22
‘ i i o the -
ber of beds is increased without adding greatly t B O

. . Generally, however, the dep
at proves to be an excep-

have fallen off in importance
e shales become more

clay. e
something like the same proportiot.

always carry with
1 (section plate

ness of workable beds. L.

3 : %
found mostly in a single bed of 1P
tionally pure coal of workable thickness.

i art of Law-
1 counties, and a P
1 of Greenup, Carter, and Boyd ,
#Report on the geology o
wence, volume 1T, new series.
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The limestone ore bed also proves to be an important de-
posit, both from the quality and the abundance of the ore.

Whether the close association with a coal, apparently well

adapted to the smelting of iron ore, gives an additional eco-
nomic value to both the coal and ore, remains yet to be deter-
mined by practical experiment.

The nearness to market is an important factor in any view
of the economic value of the coal of this region. Already
reached by the narrow-gauge railroad from Mt. Sterling, this
field ought, from all the conditions of the case, to supply a
large part of Central Kentucky with fuel, and that, too, at
mu<.:h more reasonable rates than has been heretofbre exacted
until the heavier deposits of more remote regions are reache(i

by this or other railroads; and even then the nearness to-

mat:ket will warrant a competition with more distant fields
until the best deposits of this region have been exhausted’
_For th‘e same reasons, the Slate creek coal region is of mor(;
1mm.edlate importance than that of the central part of the
courity, although the actual coal area on Slate creek is com-
paratively small, the coal being found near the tops of the
narrow ridges. (See profile section.) .
Seatloxls I and 5, plates 1 and 2, show the position of the
main St‘lb-conglomerate coal, and also the thickness at the two
points.indicated. The outcrop of this coal is found at this
]:evel,whercver the rocks of this horizon are expos.ed in the
Slate creek valley. Not being mined, or being opel,led for
!ocal use only by benching, the thickness is rarely shown. It
S pr}?ba(;)lc, however, that an average thickness like the;t at
tl:: m:?n r?:"gljugle:fg:nv\g]ll be found i‘n this region, including
= a Slate and Indian creeks, and between
In this valley the limestone ore is not exposed as frequently
as further to t.he ‘eastward, although there is good re;]son t()>
Z;lptpl)ose that it will be found: in its usual variable thickness,
1e top ‘of the Sub-carboniferous limestone, over the most
of this region. As yet, no effort has been macie to determine

the value of this ore in th;
A € In this valley, fragments upon the surface
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being the only means of judging as to the range of the bed,
as also, for the most part,of the thickness.

Sections 2, 3, and 4, plate 1, show a considerable wvariation
in the character and thickness of the Sub-conglomerate series
on Indian and Gilladie creeks. At the head of Indian creek

the thickness continues to be about the same as on the head

waters of Slat=z, while near the Red river and in the ridge east-
ward, between Gilladie and Beaver creeks, an increased thick-
ness is found, and also an increased number of coals. Near
the mouth of Indian creek, in Powell county, the thickness of
the Sub-conglomerate shale series exceeds one hundred feet.
Near the mouth of Gilladie creek the shales measure one
hundred and twenty-five feet, as shown in section 4.

Section 3, on the farm of Green Gibbs, on Muddy Fork of
Indian creek, shows a local feature that has been thought to
promise better results from coal mining than elsewhere in this
region. A considerable thickness of highly bituminous shale,
in some parts an impure coal, gives to the unpracticed eye
the appearance of a heavy coal deposit. Nearly the same
feature, but in less thickness, is shown on one of the branches.
of Leatherwood Fork of Indian creek, a little to the west-
ward. At the head of Cane creek a considerable thickness
of cannel slate is found at the base of the shale series. There
appears to be nothing in these beds to warrant any expecta-
tion of local deposits of exceptional value. Qn the.con.trary,
it may be found that the impure coal of FhlS locality is the
equivalent of the coal of section 1. If this should prove to
be the fact, then the area of the workable coal would be
somewhat reduced. This feature appears to be local, how-
ever, and the main coal in workable thickness is found at .the
licad of Leatherwood Fork, and also at a number of points
on East Fork of Indian creek. : ;8

The sections on Gilladie creek show an }n_creased numb?r
of coals, and a change in the relative position of the. main
bed. Whether this last fact is owing to 2 decrease in the

i i to an increase in the-
importance of the coal of section I, Or he
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sthickness of the shales below this coal, is not made clear from
the facts at hand. It is quite probable, however, that one of
the upper beds is the equivalent of the Bull Fork coal. No
openings have been made in this locality to determine the
real thickness of these beds. The exposures are such, how-
ever, as to show that the upper beds only may be expected to
prove valuable.

Near the mouth of Chimney-top creek, in Wolfe county, a
section similar to section 4 is found. Coal of very superior
quality has been shipped in small quantity to Mt. Sterling
from the upper beds. The coal was obtained by benching.
No authentic information has been gathered as to the exact
thickness of the beds, which are now mostly covered.

The limestone ore is present in all this region, as is shown
from the fragments on the surface. It is exposed in large
blocks, particularly on the left fork of Gilladie creek, and in
the ridge between Middle and Leatherwood Forks of Indian
cre:ek. ; Specimens have been sent in for the State cabinet.

Sections 6 and 8, plate 2, show the extremes in the thick-
ness of the Sub-conglomerate shales in the valley of Beaver
creek. A comparison with the sections near the Red river
§hows a decrease in thickness northward from that river; but
it will be seen that, north of the main east and west ;idge
(known as Dry Ridge), the place of the main coal is the same
?ljicallttnt::: o}éet?i: zlflasleltzt?s (E;eek’hand B
the coal on Brushy creek e s b be‘ds;
bl : £ , near Old Bea}ver Furnace, being
jin y under the Conglomerate cliff. Further to the
th;‘ &eoe:]sgti;gli\fizgzzllig:gltly, ]t::)his coal is again separated ‘from

as has already been stqtede 4 S'hales‘ S'OUth AR
> ated, the increase in the thickness of
the shales appears to be most] i
T e e i ostly below_tbe_mam coal. T.he
point 1s somewhat confl . It is an im-
portant matter only as it rel Gipernds e
elates to the more general question

of the equivalency of the coal beds to the south and south-

west, where the .
204 Sub conglomerate shales become still more
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rominent. It was the opinion of Mr. Leslie* that the lower
part of the Conglomerate, changed in character to shale and
shaly sandstone, and containing several beds of coal, contrib-
utes to the thickness of the Sub-conglomerate beds in this
direction. In Menifee the variation in thickness of the Sub-
conglomerate shales is not accompanied with a correspond-
ing variation in the thickness of the Conglomerate sandstone.
On the contrary, in the Red River valley, where the shales.
are the most prominent, the Conglomerate is also at its maxi-
mum thickness, as shown near the mouth of Gilladie creek,
the Conglomerate being more than 200 feet jchick at this
point, the shales reaching 125 feet, and including four coal
seams, the number reported by Mr. Leslie to the southwes.t.
It will be noticed that-the position of the cannel coal in
sections 3 and 4 indicates a thickening of the lgwer part of
the shale series. On the other hand, the coal in section 6,
near the base of the shales on the Beaver creek side of the
ridge, appears to be the equivalent of the Bull Fork and
[lawkins Creek beds, sections I and 3. 5
In the valley of Beaver creek, except I?erhaps alo.n;lg( Dry
Ridge, where the shale series is in considerable vthlc ness,
only one coal bed of importance will be found. The sec'tut)lr::
of plate 3, together with those alre'ad_y referred' to, show i
position of this bed. In thickness it 1s .not.umform, t\}/ar);ug
where exposed from twenty :nches to thirty inches,at the
crop.
’lPhe limestone ore is exposed at 2 greas number of };lag]a;
i Beaver Creek valley.: In the immediate regll(:ndo e
Beaver Furnace it was formetly opened simd O\F’Oél:ar- G
sections 13 and 14, plate etk regl;)n furnace supply-
Furnace it is now obtained in abundance for Ur ey
(See sections 7, 12, aitd 105 B RSt -n(:ia;cations go, to
Beaver creek promises, SO far as surface 1n

i i an the localities
be e important iron Ore region th “
e i and 11 show the surrout

already mentioned. Sections 6, 9
e Western Margin of the Eastern

Geology of th
#Sce report on the Topography and Ge :
Coal Fieldpof Kentucky, vol. IV, old series, page 454 205.



e & REPORT ON TIE GEOLOGY OF MENIFEE COUNTY.

rings of this bed as noted in this region. On the Old State,

Road branch, above Frenchburg, the ore is particularly abun-
dant on the surface, as also at some points along the face of
the ridge between the upper Beaver valley and the head of
Salt Lick.

Section 10, near the head of Beaver creek, and section 16,
near the mouth of the same creek, show a feature which is
not uncommon in the Sub-carboniferous limestone of this
region—a bed of so-called lithographic limestone, varying
from a few inches to two feet in thickness. In the latter
region this band is exposed at a number of points; and from
Mr. McMurtry’s quarry, on the opposite side of the Licking
'river, blocks were some time since obtained and tested for
lithographic use, with satisfactory results. The band is not

'so uniform in quality, where seen, as to insure equally good
results without careful selection.

The valley of Salt Lick is not properly within the coal
region, the westward boundary ridge being entirely Sub-car-
boniferous and Devonian. But the main ridge, between Salt
Lick and Beaver creek, is capped by the Conglomerate sand-

‘stone with the underlying coal and iron-bearing shales, giving
to this valley whatever advantages the coal and iron deposits
of this ridge may offer. On Clear creek, a branch leading
against this ridge, an iron industry has already sprung up,
Clear Creek Furnace having been in successful operation for
years previous to the late financial crisis. (See report of Mr.
Moore on the Geology of the Red River Iron District.)

East of the Beaver Creek basin the Sub-conglomerate beds
are below the drainage, except near the Licking river. Most
of that part of Blackwater creek which is within Menifee has
its bed in the Conglomerate sandstone., The Sub-conglom-
erate beds are, therefore, of little economic value east of the
Beaver Creek valley. In this part of Menifee the hills are

‘capped by the shales above the Conglomerate, (See profile
'section.) These shales usually include one or two coals. In

‘this belt no coals of considerable thickness have been ob-

's‘)c;srved. Eastward, in ‘Wolfe and Morgan counties, the Con-
2
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: d the whole height of
A te falls below the drainage, an ‘ :
‘tgliznlllfi:lrlz ies made up of the rocks of the productive coal meas
“re;}-]e following table of analyses by the }chemislt‘i ocff :l}::

- Mr. Talbutt, shows the quality
Survey, Dr. Peter and 4 it e
i al. The analyses were made iro

?iil?)lzmi:(:iecri) to represent the whole thickness of the bed at

the several points: .

{ ins’ Brushy Creek, | Bull's Fork Coal,
:‘i?;nﬁoggzg;%fh Hawkér:)sal.c s S:i:lcys Bank. Main Bank.
of Beaver Creek.
00
3.80 g
Moisture . . . e 5.00 2.94 pety
Volatile combustible mat- o L5t
3840 3.6 52.00 55.04
ter o s o o R 200 £os
Fixed carbon . . . . . ik g e o 1)
o0 G SRR i6l4 prill 99 delel;m301- i
-2§L'Zi‘élcrg}a'viiy'.l b SA 1.300 1.319
SOILS.

Where the
i Teni is mostly sandy loam. W

The soil of Menilee is e
hales below or above the Conglomerate supplylthe g >
; i il i clayey.

he soil is more
surface material, t i roI -
disintegration of the Conglomerate sandstone, the most prom
o

i i to the soil a
i art of Menifee, gives
i hemhe vy greaterepsiand The presence of the Sub-

no doubt, adds considerably to the

it i . while
richness of the soil of the v.alleys wheri1 it ;Zaet);;;o;:i,of e
the woodlands, which comprise by far rt“e gunevenness o
county, are rich in vegetable m?i?,led'tma(,;e ity
i iznu‘;i?;z:?if g);rf};tfeiiiisbandr; in thils1 region}.{id’f};lel

} : s

lS)fecf?;)n?ﬂllsides are particularly un;u;t;eilir;cllet; ?té’fakes bt
o m?klli{ wilileil leiiit :\iz:lliieng to renfier them ba;’)re:li
Lk ? 4 x(i:/arlg worthless. When this 1:esu1t hasstzm
e ; tl'me, lateyto seed for pasture. Wl.th the 1sytheré
s Ao in farming, that tends to this resu t,'ﬁ =
?r Wa“_t i Syzte“; t to clear another tract, a'md to sa;c;n ;in
b nt(l)lthlgagmtaow:y uIt is largely owing to this way of far 2c'g7
in the !

part of the

large per cent. of coars
carboniferous limestone,
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that the apparent barrenness of the hill country, where cleared,
so belies the natural fertility of the soil. Well directed en-
terprise in farming would do very much to offset the disad-
vantages of a hilly and broken surface.

TIMBER.

The timber of Menifee includes the following species, be-
sides some others, which doubtless have been overlooked,
no time having been at command for a special study of this
subject. For a general view of the distribution of species,
see report on the Timber Growth of Greenup, Carter, Boyd.
and Lawrence Counties, vol. I, new series:

First in importance, both in value and in abundance, is the
white oak (Quercus alba, L.) The black oak (Q. tinctoria,
Bartram) is abundant on the hillsides. The red oak (0.
rubra, L.) has about the same range as the black oak, but is
less abundant. The chestnut oak (Q. prinus var. montacola)
is abundant along the ridges. In the report referred to above,
this species was, by some mistake, given as Q. castanea. The
pin oak, or perhaps the scarlet oak (not in season to deter-
mine species), generally present on the low spurs between
the smaller streams. The Spanish and the laurel oak (0.
Jaleata L. and Q. imbricaria, Mz.) are found along the bor-
der of the county on Slate creek. The beech (Fagus sylvati-
ca, L.) is abundant in the valleys generally. The sugar tree
(Acer saccharinum, Wang.), the white or soft maple (4. dasy-

carpunm, Ehrk.), and the red maple (A. rubrum, L.) are pres-
ent—the first in considerable numbers, the last only met with
here and there as a single tree. The tulip tree (Lziriodendyon
tulipifera, L.), generally known as the yellow poplar, is abun-
dant on the hillsides. The chestnut ( Castanea vesca, L.) is
found in great numbers towards the top of the hills. The
hickories (Carya tomentosa, Nutt., C. alba, Nutt., and C. ama-
ra, Nuitt)) are well represented, and in the second growth, as
on the hill west of Old Beaver Furnace, they often largely

predominate, the first two species being most abundant. The

b::ck gum or gum tree (Nyssa multiflora, Wang.) is found
2
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everywhere in small numbers. Tht.a white.as'h (szf:lz::
Americana, L.) and the linden or linn, as it is someti il
called, are found in some of the valleys. The fordmeli 1rsk e
ceptionally abundant in .the valley of Leatherpv{v/(?;d i;)found
Indian creek. The buckeye (Zsculus glabra, z'd .)/ o
in the larger valleys; the sycamore (Platanus occt entalts, L.)
has about the same range. The elm (Ulmus Aflflze_rdzcmm,rrh.e
ranges from the creek bottoms well up on the hillsi .es‘.]alle 3
black walnut and the white wazzllmt grole; iasll :::nrr;il:asiona){l};
st tree (Robina pseundacacia, L. : :
;I‘nhihlgc;lligl‘;sides.( The cfcumber tree (Magnolia aészzs;zlizé’;z};
Lam.) is seen occasionally 1onf’che; hegd: of;;r;a;lﬁi)e;ry i
e enough to be valuable for lumber. : i
Ljvgrubra, g[,) is found along the base of thz hlllz.Od'I;l?o;jljs
safras tree (Sassafras officinale, Nees.), the ogw&om‘mmZ =3
florida, L.), and the sourwood (Oxydendrum ardblld (C"Z',,a's
C) are each of frequent occurrence. The rg B
canadensis, L.) is occasionally, and tITe '1ror1w0(’)rhe hor}r/lbeam
inica, L.) is rarely, found on the hllls@es. A
(gCarp’z'ims Americana, Mx.) and the w1110w§ are lis:lited %
along the streams. The holly .([‘/ex opa_(a, Az{%;s s
the vicinity of the most precipitous cliffs. 'mmsn s
abundant on the water-courses. The persi
abglfdtali:.cone-bearing trees, the hemlock (Adzes Cima;lg’;:l;’.
Mz.) and the yellow pine are the most abundant—the for

along the
on steep rocky surfaces near the streams, the latter g

< LS, .) S un

some parts of the Red River valley,. e
this species fall within the county lmf}.le e
; roinica, L.) occur near
(Juniperus virginica,
ledges. 5
Tghe timber of Menifee, as of all th; hi S
be held in high estimation among those

region.
make up the natural wealth of the reg -

lly counties, should

COAL 1.—I4
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ON THE IRON ORES AND THE IRON MANU-
FACTURE OF THE KENTUCKY RED
RIVER IRON REGION.

This region takes its name from the Red river, a branch
of the Kentucky, upon which one of the earliest iron furnaces
in the State of Kentucky, or in the West, was established.

The name Red River iron was first applied only to that
made by those furnaces situated within the area drained by
that stream ; but, as the reputation of the iron in the markets
of the West increased, the name was also applied to the
product of furnaces beyond the neighborhood, but using the
same ores, until the Red River Iron region grew to include
territory drained by the Kentucky river itself, and its minor
branches, the Red river, and the Licking, with some of its
minor branches. It includes portions of Estill, Powell, Lee,
Menifee, Bath, and Montgomery counties.

A more comprehensive definition of the region, as the term
is used in this report, is to describe it as all that region lying
between the Kentucky and Licking rivers, in which the Sub-
carboniferous or St. Louis limestone is found above the drain-
age. It is, therefore, an area about thirty-five miles long by
ten miles wide, lying along the western border of the easfern
Kentucky portion of the great Allegheny coal field. The
name, as applied, is limited arbitrarily to the area b<‘3tween
these rivers, because there are as yet no furnaces situated
south of the Kentucky or north of the Licking river for a
considerable distance, until the iron district of Carter county,
of the Hanging Rock Iron region, is reached. :

In discussing this region. there will be described—

I. The iron ores.

II. The iron manufacture.
f 213
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I. THE IRON OREs.

The geological structure of a large portion of this regiom
is described in detail in the report of Mr. Crandall upon the
geology of Menifee county. The general type of geological.
structure, as there described, prevails over all this region.
For the details as to special localities, the reader is referred
to Mr. Crandall’s report; but a few words of general descrip-
tion of the principal rock formations in this region will be
given here, as being necessary to a correct understanding of
the position of the ores to be described.

The rocks, which will be met with in almost all of the hills
where the main ore of this region occurs, are, in a descend-
ing order, as follows: the Conglomerate sandstone and the
underlying shales, with beds of coal, of the coal measures;
the Sub-carboniferous or St. Louis limestone, and the Wa-
verly sandstone of the Sub-carboniferous formatior.

The Waverly, a fine-grained shaly sandstone, usually of a
light olive-green tint, is the bed rock in which the streams.
flow, over the greater portion of the region under considera-
tion, although toward the western border the Devonian black
shale occupies this position, and the Waverly rises above the
drainage. The Waverly has usually a thickness of about
three hundred feet in this region.

Above the Waverly the Sub-carboniferous limestone is.
found, ranging from thirty or forty feet in thickness in the
northern, to one hundred feet or more in the southern part
of this region. Topographically this rock is not of great
importance, except towards the southwest, where it is at its.
maximum thickness, and lies very near the top of the ridge,

the Conglomerate and other overlying rock having been
nearly all removed. Further to the east and northeast, where
it lies nearer the drainage level, and the Conglomerate covers.
a large proportion of the surface, the limestone is thinner and

more rarely exposed, being generally covered by the talus
from the overlying Conglomerate.

Economically, however, the limestone is of great impor-

tance, as it is the rock upon which rests the ore of this

regiomn
214 g
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which has given to it its reputation, and in itself it f1s valuabl?
' ' i és o
for building purposes, and furnishes a flux for the furnac
the region. . be.
The Conglomerate is the most conspicuous, and, topograp
i f th embers of the rock series
ically, the most important, of the m
¢ i h t of the ridges, except on the
of this region. It caps the mos t
f thi ion, gradually descending
extreme western border of this reg '1’ g g
t inally
east and southeast, until 1
fiow'ards tFevel It is a massive, pebbly sandstone, usually
rainage level. _ . G it
dred feet in thickness.
from one hundred to two hun : \
i i with coal-bearing
i it occurs in two members,
part of this area i iite Foe
his is the case, the upp
shales between. When t : Ykl B
i inent, while the lower 1s t y
erate is the most prominent, . et ey
over thirty or forty feet thick, and occurs qu;tetclofse; gl
the limestone, with sometimes not over ten feet ol Sp
tween them. Nk s
The ores of this region belong to the class o y.d
{4 b li ites, or hydrated oxides,
bonates, or clay iron-stones and limonites, AR R
resultin;;, with the exception of t-he ore of 01116 a]Ferat;’on i
will be hereafter especially described, from the bk oot
oxidation of the carbonates. They occur in stral o
at vatious oeological horizons, not alwz\%/s forming
b=} > 4 5
strata, but still holding well—deﬁgic}lléegjse GE el
towar :

In the Waverly shales, ' i G
are numerous be)c/ls or layers of clay iron-stone klllcalllllly) s
times in considerable thickness. 'ffllley jtrfeal:ig <P i

5 in the beds ot the S, i/
1 the banks and in t . : b
;:vnf;gbeen left when the surrounding materl.al h;sebcurrent R
. Tl lty;

i ir high specific grav ol
ay. Owing to their MBntegirate
a‘; ylittle eff(%ct upon them, and th'ey are-ihi‘ljble quantities,
b t}}; beds of many of the streams il cons11c er; S

in the beds i T I :
so that to the careless observer, they give tlfeseni g
there i’s a much larger quantity o the.oie pThese ores have

i loser inspection. o

vill be found on ¢ : Rl

tlh;/l:zr‘ to the knowledge of the writer, beer; 1\;1(;5 B obaly, b
the fu’rnaces of this region. The reason 3 blue’carbonates. 3
that they are almost always found as har

& ' §
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quality of ore which charcoal furnaces, the only kind as-yet in

this region, do not use if the limonite ores can possibly be

obtained.

These ores are of such firm and close-grained structure that
they yield to the oxidizing action of the air, and change to
limonite very slowly, and with great difficulty. They are
remarkable in this respect. Even when they are found in
positions which show that they have been long exposed to
the agencies which usually effect this change from carbonate
to limonite, it is rare to find more than a thin coating of lim-
onite on the surface of any specimen and along the lines of
the weather cracks.

They are sufficiently rich in iron to be of value, and would
doubtlessly be considerably used, were it not for the feature
above noted. The deposits do not seem to be persistent over
very large areas at the same level, but change position fre-
quently. In addition to their irregularity, they commonly
occur low down in the hills, where the slope is so steep that
it would be impossible to bench for the ores to any depth;

and they are usually too thin to pay for mining in any other
way. The reason that they are not found near the tops of
the hills is, that they lie towards the base of the series, and
the Waverly does not extend far enough to the west to bring
them to the top, where the slope over the ore would be gen-
tle, and the thickness of overlying material slight, as these
rocks soon disappear where the massive Conglomerate and
limestone no longer protect them from erosion.

The thickness of these beds or layers of kidney ore ranges
from four to eight inches. Were there furnaces in this region
capable of using them, large quantities could be cheaply ob-
tained and utilized, but it would not be judicious to rely upon

them alone to supply any furnace; their proper use would be
as a mixture to use with other ores.

THE LIMESTONE ORE.

The principal ore from which the iron has been manufac-

tured, which has given to this region its reputation in the
216
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¥ ; : o
markets of the country, 1s found resting upon thehSull? c::?:))ne
i is li tone, and is known as the lim

rous or St. Louis limes ; :
i It is geologically the same ore as that already described

i as the ““lower limestone’ ore of Green-

1 *
in a previous report
: 1ties.
up and Carter countic :
The limonite of this bed, when at its besta,nd il
i heous >
i e, sometimes homoger ;
o It often gives a red poxyder
f combined

is a heavy, dark

sometimes semi-concretionary. : sl
and streak, while containing its fu.l propor Wit s
The carbonate ore, from which the limonite .

il ai rying from
ly a dense, amorphous, close-grained ore, varying

is usual : e

i color. : .

maw i bro“’fl b n the surface of the limestone;
1 sting upo 3 '

L gy yfr or plate of uniform thickness,

5 et in the surface of
B wlar < rolls.” filling depressions 1n t : :
e hi 1btl ore is often missing. These
ime veen which the L&
U ickness than the average of the
rolls are of much greater thickness G it r e
1 ‘1 bed. They are often found scvera1 j ee e
whole bed. : . < o Like regnl: ; c
5V nything like reg
i ) t . occurs with a
while, when the ore

There is usually
find it averaging more than one foot. Ih; o

dee Lt f fine white shale and clay /
o of the limestone ores In
h them from

not always in a regular la

a considerable tl s
This is a characteristic

the ore. helps to distinguis

other parts of the State, which
other ores. |
FORMATION. : :
to. on the iron ores O
the theory of formation

THEORY OF
rred
In another report, already refe

o e B lemtlej‘to that report the reader
liscussed, an b R
hese ores has been ¢ A e
?ft ferred for a fuller statement than will be g
is referre a

: ched,
ns then rea
i tate, here, the COI]CIUS.IO e ol
will be sufficient to s ; cories in regard.

3 ~ di nt th ;

without repeating the d1ffer;3 sl e ol

i ts 1in favor O h o 0 below
formation, or the fac

Jeral of these

pated) - 4 ioinal mit a
¢ rite is the orig SPF

i )
The carbonate or side S ointre

i'[l-; rom t tll(, l‘lll()“lte, or ‘

y @ ¢ et ] o 4 ’

: b . ancl f- I 1 d hd C r counties, vol I art 111
S of Greenup, Bo , ar arte P

#Report on the Iron Ore
second series.




——

8 REPORT ON THE IRON ORES, ETC., OF

called, is derived by a process of oxidation and alteration
through the agencies of the atmosphere and carbonated
waters.

The depth to which the change from carbonate or siderite
to limonite has been effected, varies with the character and
thickness of the overlying material. Where this is thin, or
where it is a porous sandstone, ‘permeable to the atmosphere,
the change will be found a long distance back from the out-
crop, and sometimes entirely through the hill; but where a
great thickness of impervious, dense rock overlies the ore,
the limonite will be found only a short distance back from the
outcrop, forming a narrow ring around the main body of car-
bonate ore, decreasing as the slope of the hill above it grows
steeper. As the limonite ore is much the most valuable,
owing to the fact that, in addition to its superior richness, it
is more easily smelted and produces a better grade of iron, it
will be seen that those deposits are of most value which are
situated near the tops of the hills, where the ore has all been
changed to limonite. The area covered by the ore bed, and
the total quantity of the ore, when it is thus situated, is much
less than when it lies lower down in the hills; but this is com-
pensated by the superior quality of the ore.

The ore seems to have been formed by a segregation of
the iron from the shales and clays above the limestone, sub-
sequent to their deposition. Carbonated waters, percolat-
ing through these rocks, have taken the ferruginous material
into solution in the form of the carbonate, carried it down
and deposited it upon the face of the limestone, which, in its
turn, was partially dissolved and carried away, thus producing
the irregularities in its surface before refetred to.

This theory of deposition, by segregation from the over-
lying rocks, accounts for the following characteristics of the:
ore, namely, the irregularity of thickness; the tendency to
become suddenly calcareous,or to disappear altogether, giving
place to a limestone: the comparative freedom from coarse

silicious Impurities, and the presence, above the ore, of the
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thick beds of white clay, froth which almost every trace of
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ssible; but they are not all equally so, for the reason ‘that the .

-amount of ore from which the sample was taken varied con-
'siderably. In some cases it was taken directly from the solid

wore bed, while in others from the pile of ore lying on the
bank :

Iron peroxide. . . . . ., . 65.310 | 50.621 66.329 | 54.750 75.598 4.049 | 65.535 | 74.127 65.501
Shcpicathgrate | Ll L o e e e O e e 2 e R U et
ORI 5750 0 s st gt s 11.947 | 12.370 | 72.532 | 14.517 | 1.971 2.014 2.798 | 3.542 5.762
Lime ca'rbonate .730 »500 | a trace. | a trace, +540 5.400 «450 «390 | a trace,
Magncsm' AR S .140 .144 X723 .047 .258 .514 1.073 . 461 .248
Phosphoric acid 825 . 709 .709 .697 .6orx <409 .537 . 6ot 447
§ulphgxrxc acid atrace | atrace.| a trace.| a trace | a trace. .267 | a trace, | a trace.|a trace,
“Combined water 11.000 | 10.400 | 9.580 [ 8.600 | 11.730 | *r1.426 9.800 [ 11.270 | 11.000
Silica and insoluble silicates ++| 9-580 | 15.830 | 9.720 20.830 | 8.g10 9-330 | 20.480 [ 9.580 | 16.230
(TR R e g 99.532 ’ 99-574 | 99.043 | 99.441 | 99.608 | 100.000 100.673 | 99.971 | g9.278
Metalliciron . , ., , ., . . . 44-570 | 41.735 | 46.440 | 38.750 52.918 | 39.758 | 45.874 51.889 | 45.914
Phosphorus , | . 1Tt .3 . 309 «309 +304 .262 .178 .234 .262 .195
¢ TR RSt L ] B e il gl AOT Bae wri/w Y v ivite oo d ka5 16
" T%And loss.

No. 1 is from the Pergam bank, Bath Furnace, Clear creek,
‘Bath county.

No. 2 is from a bank near the head of Clear creek, Bath
Furnace.

No. 3 is from the Richardson bank, Bath Furnace, Clear
~creek.

No. 4 is from the head of Ratcliffe branch of Beaver creek,
Menifee county.

No. 5 is limonite ore, from the Tubbs bank, Estill Furnace,
‘Estill county.

No. 6 is the carbonate ore, from the same bank as No. L

No. 7 is from Logan ridge, Estill Furnace.

No. 8 is from the Luster drift, Thacker Ridge, near Fitch-
burg, Estill county.

No. 9 is from the Horse Ridge banks, Cottage Furnace,
Estill county.

With the exception of No. 6, all the above analyses are of

“the limonite ore of this bed.

: I.t is probable that they all show the ore to be a little richer
in iron than it really proves to be on actual working in the

furnace This is due partly to the personal bias of the sam-
- 220
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pler, which always acts in favor of the ore, no mat.ter how
careful he is, and partly to the fact that the sample' is take.n
cleaner and freer from adhering dirt and clay than it is as it
comes to the furnace scales.

It is stated that the average yield of the ore at Bath Fur-
nace is forty per cent. The average in t}xe four sar.nples—
Nos. 1 to 4, inclusive—from ore used at this furnace, is 42.77
per cent. of iron. The localities represented by these sam-
ples, however, are those which furnish the best ore to the
furnace; so that it seems probable these ana.lyses‘do not repl-l
resent the ore as much better than it really is. They are al
from within a radius of three miles. They are remarkab(z
for the large and uniform per centage of alumina—_-an am?fl}?
not heretofore found in any other ores of the State. e
phosphorus is also remarkably uniform, althougl;)h not e;);czsli
sively high for ore of this cha.racter. The a lsen?ecarbon-
except a trace of sulphur, save in the one sample o

i 2 e reason
ate ore. is an excellent feature in these ores, and on

why they are so highly valued. Another point of excellence

ilici .ok his
is the comparatively small amount of silicious matte

g y B S

y y iti \% i 4 t11e
. ) : : ‘

he pro-
very greatly, renders it easy to smelt, ach! ten?ls t;)t tredlf)ced
duction of a high grade of iron, as the silicon 1s n

i i impurities, and
with the iron, but combines with the other imp ,does
: g Rer the same reason, the ore

i sla
passes off into the & for Aux.

not require a large all'nounft t(ifeilenl(;:rs;;)nw]len R R
Another good quality of th ] 2 asil
they are Ofg:m opqen, porous structure, so tlmteth\iiizlrle tehere)j
permeable to the reducing poov 5 th]e ﬁmtlj: a’re of a’closer.
fore, act upon them readily. Fhe C-M‘)Ol? céd It is proba-
denser structure, and are not o eany- 2 u} se. ores satisfac-
ble that much of the difficulty in Wf)rkmfg lt 119; o PR

ily, is due more to this pecuharlty_ $ v ly attributed
Egrgl’y excess of impurities, although it is commonly

to the presence of sulphur. 4
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DISTRIBUTION OF THE ORES.

For reasons before stated, it is impossible to give accurate
-and detailed statements of the exact thickness and quantity
-of the ore for every locality in this region. The most that
“can be done is to give its thickness at a few prominent places
where it has been mined, and some notes as to its apparent
relative abundance at other localities.

As stated in a former report,* this ore occurs in abundance
-along the outcrop of the Sub-carboniferous limestone, from
‘near the Ohio river, in Greenup county, to the southern part
-of Carter county. Around Olive Hill, where last examined
in detail, the ore is present in abundance, and seems to occur
‘with more ,than usual regularity. From ‘here, south to the
Licking river, there have been no detailed examinations made.
The region is wholly undeveloped—no mining operations nor
pick and shovel prospecting ever having been attempted as
yet. To the south of this, although no detailed examinations
have been made, the ore has been seen in considerable quan-
tity towards the head of Big Sinking creek, a branch of Little
Sandy river, on the very head waters of Tygert’s creek, and

-also on Christy’s Fork of Triplett creek, a branch of Licking
river.

There is in this vicinity a large amount of ore which will be
‘opened to the world by the completion of the Lexington and
Big Sandy -Railroad; but, until that is accomplished, must
remain wholly undeveloped.

Between Christy’s Fork of Triplett creek and the Licking
river, nothing is as yet known as to the occurrence of the ore,
but there is no reason to doubt its existence there.

South of Licking river the ore occurs in abundance, and
‘has been largely mined. On Caney creek, a stream but a few
miles in length, large quantities have been mined for the
“supply of the Caney Furnace, which was situated upon that
“stream. It has not been in operation for a number of years.
As a consequence, all the ore banks have fallen in, and noth-

“On the Iron'Ores:of Greenup, Boyd, and Carter counties, part III, vol. I, second
~series.
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ing could be learned in regard to the thickness of the de-
posits.

On Clear creek, in Bath county, the deposits of the ore are
extensive, and of excellent quality. It has been largely mined
for the supply of the Bath Furnace, formerly called the Clear
Creek Furnace. Several analyses of ore from this vicinity
are given in the table. The ore was seen, at a numb‘er of
openings, from six to sixteen inches in thickness. It is re-
ported to occur frequently in ‘“‘rolls” or pockets of two to
three feet thick or more; but these are usually of limited
extent, and soon exhausted. The ore varies so in thickness
that it is impossible to give any accurate estimate as to
its average; but it is probable that it would b.e slightly
under twelve inches. It is usually found here resting under
about five feet of white clay. At this distance above th'e ore
there is usually found in the clay a thin coal streak; but it has
never, to the writer's knowledge, been followed far cno.ug.h
back into the hill to be found solid. It is probable that this is
the stain of a coal which, in other places, has been ope}}&d
and found to be about fifteen feet above the limestone. Ih'e
distance from the ore to the base of the Conglomerate in this
vicinity is about sixty feet. ;

Allzf the brancth of Clear creek cut thrm-lgh ore terlrl-
tory, as do a portion of the branches o{ Salt Lick cxijeek, }t:sz
stream into which Clear creek flows. Some of the ranﬁc 1ld
of Salt Lick creek on the west extend beyond the ore field,
while the main stream runs so near its cdge that only a com-
paratively small area of ore is found along 1t.1 b Caney

Although mining operations' have been Lcl)llcf:)l:t LI,
and Clear creeks at various times for nearly ean>s’ PRkl
yet the supply of available ore 1s bY_ no m A
Neither of the furnaces has be-en in conztaéath E;r o
Caney Furnace was discontinued in 1848,82“;3 LA S
Creek Furnace was idle from 1857 or Io?n - ibiily sl
consumption of ore has, therefore, been comp

. - is almost un-
i limonite ore 1s 2
and the great mass of available serihing Fas heot

touched. So far the supply available by s
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ample, and drifting for the ore has been resorted to at but few
banks, and in these cases only where the ore was of more
than usual thickness and regularity, so that it could be mined
cheaply. The Pergam bank, on Clear creek, is an instance
of this kind.

Beaver creek, from its head to its mouth, may be said to
run through ore territory. It is a long stréam, and drains an
ore area of many square miles; but it is at present wholly
undeveloped. The ore outcrops in the surface clays are
abundant, and in quantities sufficient to indicate that the ore
is present in its full average thickness. The Bath Furnace
draws a part of its ore supply from the country drained by
some of the lower branches of Beaver creek. Leatherwood
creek furnishes the larger portion of this. There are num-
bers of old ore banks on the lower part of Beaver creek,
where ore was probably dug for the old forges which formerly
were in operation in this vicinity—one on Beaver creek, and
one on Licking river below the mouth of Beaver These
banks have all fallen in, so that it was impossible to ascer-
tain anything as to the thickness of the ore.

Higher up on Beaver creek ore was formerly mined for the
Old Beaver Furnace, which is situated near the mouth of
Myers’ branch; but this has been discontinued for over forty
years, so that the ore banks are in the same condition as
those just described. If all accounts be true, however, the
ore in this vicinity is more than usually abundant and trust-
worthy. As the furnace was only in operation ten or twelve
years, the total amount of ore consumed was comparatively
small—not enough to seriously affect the value of the ore
lands, as the great body of ore is comparatively untouched.

The country drained by the branches of Beaver creek on
the south has been more thoroughly examined by Mr. Cran-
dall than by the writer, and to his report the reader is referred
for details. '

; From here up to the head of Beaver creck the ore appears
in about its average abundance in the outcrop. No mining

operations have ever been undertaken here, and, in conse-
224
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quence, nothing in detail is known in regard to the ore. On
the head waters of the south and southeastern branches of
Slate creek the ore is well developed. It has been discovered
at many places recently, since the thorough prospecting which
that region has been undergoing in the search for coal. This
region holds a large amount of ore as yet wholly untouch.ed.
The same is true of the area drained principally by Indian
and Gilladie creeks, which flow into Red river from the
north, and Chimneytop creek from the south. All this re-
gion, as well as that drained by the branches of Slate creek,
has been examined more thoroughly by Mr. Crandall than by

the writer, and to his report the reader is referred for fuller

statements than are given here. Further down Red river

the branches from the south cut through an extensive and
Middle Fork of Red river and Cat creek

valuable ore field. They besd in A

are the principal streams from the south. ; .
dividing ridge between the Red and Kentucky rivers, but a
little to the east of where this ridge has been most productive
of iron ore in the past. No ore of any consequence has been
dug on these streams, except at the heads of Some.olf)tltle 1:?;:
westerly branches, on the Estill Furnace property; but, s

are to be depended upon, the undevel-
as the developed.

able ore was
he old Red
ed

as surface indications .
oped regions promise to be equally as rich .

On Red river and its smaller branches consider
and carried down the river to t.
but these have long since ce'as
have not been opcncd since.
west, on isolated knobs,

formerly mined
River Forge and Furnace;
operations, and the ore banks
These ore banks extended out to the
to within a mile or two of the old forge. ol ahed R
The main dividing ridge between the Rec
1e main dividing g i e
rivers, where it is drained by Hardwick's cre 1; it
; : il ; R
westerly branches of Cat creek and Middle For

1ds the ore in

and by Miller’s and Cow creeks on thebSOuth,]gf(;di‘(tenqivc]y
; ity has been 1 e

great abundance. This locality It is on this ridge that

worked than any other of the region. 1 amd from’ it anid
the Estill and Cottage Furnaces are smllate ,onC of them, Es-
its spurs they have drawn their ore supply 223
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. till Furnace, for the last forty-five years. Nos. 5, 6, 7, and g,

in the table of analyses, are from this ridge. These samples
were taken [rom piles of ore lying at the banks, as it was
impossible to reach the ore bed, mining having been discon-
tinued about a year before the time of examination, and the
banks, in consequence, having fallen in. At many places in
this vicinity all the ore which is available by benching has
been exhausted, and in future resort must be had to drifting.
For the reason just stated, the face of the ore was seen at
few places, so that accurate measurements of thickness cannot
be given. It is stated to average somewhat less than one
foot in thickness, though often occurring locally much thicker.
Ore has been extensively mined along this ridge for a dis-
tance of six or eight miles, extending from two to four miles
on the east of Estill Furnace to about the same distance west
of Cottage Furnace, where the ore disappears, the limestone
at this distance coming so near to the surface that the ore has
been all removed. The heavy Conglomerate cliffs do not
overlie the ore until in the vicinity of Estill Furnace. The
lower and thinner Conglomerate overlies it around Cottage
Furnace, the distance between being about twenty feet. The
limit of mining operations on the east of Estill Furnace is
not due to the disappearance of the ore, but to the fact that
it cannot be profitably wagoned a greater distance than from
the banks at present farthest removed from the furnace.
There is an apparent abundance of ore for a long distance
to the east along the ridge.

On the spurs of this ridge extending to the south, between
the branches of Miller’s creek, are situated the numerous ore
banks which furnished the supply for the furnaces of the Red
River Iron Company, at Fitchburg, on Miller’s creek.  The
best known and most productive localities are called Thacker
Ridge and Kobb Mountain. Thacker Ridge lies on the east
s.ide of the branch of Miller’s creek upon which Fitchburg is
situated, and about one mile from that village, while Kobb
Mountain is about three miles below, on the same side. The

ore banks.or benches extend continuously along the outcrop
226

THE KENTUCKY RED RIVER IRON REGION. 17

«of the ore from one of these localities to the other. The ore
has not only been benched for very deeply, but many drifts have
also been run. It does not differ materially in quality or thick-
mess from that on the main ridge at Estill Furnace. It was
'seen at a few places from eight to twelve inches in thickness;
but many local “pockets” have been found in the drifts which
reached three feet or more. Although some few minor spurs
of Thacker Ridge have been nearly exhausted of their ore,
yet there is in this vicinity a quantity of ore amply sufficient
to meet all probable demands of the furnaces for a long time
to come; for, in addition to the large amount yet remaining
in the ridges east of Fitchburg, the ore in the ridge to the west
is as yet intact, no mining of any consequence having been
attempted there.

South and east of this vicinity, lying within the drainage of
the main branches of Miller’s creek, there is an extensive ore
field, which is wholly undeveloped. It extends, on {111 average,
from six to eight miles to the east. Ore will be i‘ound muc'h
further to the east; but beyond that distance the limestone is
so near the drainage level that the outcrop line of the ore is

limited, and the hills rise so steeply above that the amount

: . . P reason, the
available by benching is small. For the same )

amount of limonite, in proportion to the carb.onate ore of the
bed, is small, as the great thickness of overlying n-mter}al pre-
vents the alteration of the ore from carbonate to ]“.nomte. 3

The branches of Miller’s creek draining this region h(:’ddl“t
the Conglomerate, and cut their channels in that rock aﬂ?. ; m_
shales below, for several miles, before they reach the Lo
stone; so that the ore does not extend above the drainage
level to the heads of these streams.

So far as it was possible to ascertail'a by merel){ surlt;e:lcoeste:;
aminations, this region seems to contain the (l)re ll'I:i:s P
‘quite as great abundance as the de\{eloped ocali o
‘north and west. It affords fine locations for 'the erec gk
‘new furnaces, as, in addition to the Lo the tfmbeli] suprizter
good, the original unbroken forest still covering the g

ipart of the area. 227
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Along the Kentucky river, on the north side, the ore is
found at its proper level, in greater or less abundance, as far
up as Contrary creek, a short distance above which the lime-
stone passes beneath the drainage. On Contrary creek, how-
ever, and for some little distance below, surface indications do
not promise much ore; but the circumstances are most unfa-
vorable for its outcropping, as the top of the limestone is here
almost to the drainage, and the hills rise steeply above. Fur-
ther down the river, on the Willow Shoals branch, and the
river hills above Old Landing, the ore is found in abundaat
outcrop and of excellent quality. On the Willow Shoals
branch there are other ores lying in the shales above the
limestone, of excellent quality, but apparently thin. Nothing
is known of their horizontal extent.

South of the Kentucky river the limestone ore has not been
mined, and its limits and distribution are almost unknown.
Time did not admit of extending the examinations on this
side to any distance back from the river. The geological
features on this side are similar to those on the north, and
there is no reason why the ore will not be found in as great
abundance, when it comes to be sought for at its proper level.
Outcrops of the ore were found on Buck, Ross, Station, Camp,
and Doe creeks, and it is reported to occur abundantly on
Sturgeon creek. As the limestone does not pass below drain-
age for some distance above the mouth of Sturgeon creek, it
is not improbable this statement s correct, although the out-
crops will probably be found more abundantly on the branches
from the west, where the limestone is higher than on the main
stream.

On all of the streams mentioned, the ore was found within
a few miles of the river. In some places the outcrops were
abundant, and at others scarce. There was no apparent dif-
ference in the quantity and. distribution of the ore from a
similar area on the north side of the river. The ore seems

just as abundant, and of as good, quality, as in the undevel-

oped localities on the other side.
228
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Within the limits named, on this side of the river, '.chere are
miany square miles of ore territor_}f. T.he tlmbe..r is aln}ost
unbroken, and exists close to the river in quantity sufficient
to supply a number of blast furnaces for many years to come.

THE CLINTON ORE.

In Bath county, on the waters of Slate cre‘ek, about five
miles south of Owingsville, there is a deposni of ore of a
character different from any yet described. Neither geologi-
caﬂy nor geographically does it strictl).l b_elong‘ among t'he]ore(s1
of the Red River Iron region; but as it is a somewhat iso ac;e.
deposit, situated nearer to this I‘eglOI-l than an.y Othfﬁl‘, atlxl bls
connected with it in certain economical relations, it wi e

described here. v
e'SI‘Che deposit is known as the OIld Slate Furnace ore bank.

o or three hills, about two hundred f<':et
It is associated with the yellow Silurian
It is, in fact; geologlca]ly,

It lies on top of tw

limestone of the Clinton period. S o
the same ore as that variously known as the , fossil,

or dyestone ore, which is found Talong tl;{e “g:lafz:fn\l:lkzndoifs'
the Allegheny Mountains from 1\"ew York to ;1 r : lac,es
characteristic of the Clinton p?{}?d ;lli(;ng;;zﬂ?f;;ug 2 i)ears
43 is a limonite, very oolitic . us.
.evildlel:lcogeof having been originally a hema}tlte, slllll:iazxt()ozlgg
Clinton ore as usually found; but it has lalrll sl()) c; Sﬁn Cpover-
to the action of air and water, protected on y1 b);en Pl
ing of the soil, that it has absorbefl water and | g
It is a soft, earthy, inferior lookmlg ore),)osec,1
shown by analyses, is much richer tha'n c]omtmoofnC);{S}:lp[;mtively
It is apparently a stratified deposit, bu

i ickness is stated
imi i Its maximum thic
e Sfent o e he thickness revealed by a

at fifteen feet, which is said .to be to11 R 3 e T
1 ince.

test pit sunk some years S Mpdrren

Houspe hill the ore is exposed frequently fron;:ethe Bz

feet thick. The principal bank§ zire known

House” bank and « Howard Hill 5

into limonite.
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The area covered by the ore on these two hills, and two.
or three smaller isolated knobs, as determined by the Survey
of Mr. C. Schenk, Topographical Assistant of the Survey,.
is 1,943,870 square feet, or 46.9 acres. The average thick-
ness of the ore over the whole deposit is difficult to estimate,
as full exposures are rare, except on one end of the Block
House bank. It would probably be considerably within the-
limit to place the average thickness of the whole deposit at.
ten feet; but for the sake of perfect safety in the following
estimate of the quantity of ore in this deposit, it will be placed:
at eight feet. The determination of the specific gravity of
two samples by Mr. Talbutt gave respectively 3.405 and 3.47.
With a specific gravity of 3.4, an average thickness of eight.
feet, and an area of 46.9 acres, the total amount of ore will be-
1,475,259 gross tons. With an average thickness of ten feet:
the amount will be 1,844,073 gross tons.

It is believed that the above estimate is far within the limits.
of the quantity actually present, as a part of the deposit is.
nearly twice as thick as the estimated average, and there are
few, if any, places where the ore seems to be below the esti-
mate. This ore differs very materially from the Clinton, or-
dyestone ore, as usually found in other States, in that it seems.
to be of limited horizontal range. The elevations in the vicin-
ity, besides the hills just named, which are high enough to hold
the ore if it were widely extended, are few, and in them, if the-
ore be present at all, it is so thin that it gives scarcely any
outcrop on the surface. Further east, where the dip has.
brought the rocks down, the ore seems to be wanting. The
place of the ore is apparently about forty feet below the top-
of the yellow Silurian limestone,

At one or two localities within a few miles of these banks, an
ore has been observed at the junction of the Devonian shale-
and the underlying limestone, . This ore differs widely in its.
structure and composition from the Clinton ore. It is a very
silicious, porous limonite, and apparently is of recent forma-

tion, deposited by the waters of chalybeate springs. At one-
230 500
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of the places where this ore was found the spring is still flow-

ing. : : ,
g:I‘he following is an analysis of a sample. of this variety of
ore, from a hill called Pilot Knob, near the line of the Lexing-

ton and Big Sandy Railroad, in Bath county:

ANALYSIS BY DR. PETER AND MR. TALBUTT.

....... 47.321
Ironvperoxide...................:::'. ..... 138
L e e R R R S S S b v
L et R AU SR S R SRS A e ) by .4
Lt e AR eI S Sl el e o s
Uk e S R S e e L e S e (bl e
b WAL B S Rl i S b P e
o e el s DR s RS T i e i A g
Combined Water. . . « « « o s « o o ¢« « » 5 5 ¢ s ¢

......... 99.425
S AT R RREE N Ui Sy B AR £t R R S S SR A
...... 33.125
MAtaIIeIron; & ) o el sl alieiinl 4 e R ........... .?gg
L R e SR R N e 8 VL e R i s :
Sulplrljur ............. 27,600
B i e R b Il AR e

i i ore
At Daniel Blevins’, a few miles east of this plac;,h:: e
was found occupying a similar position, but of some
ter quality.

QUALITY OF THE CLINTON ORE. :
ion of the ore from the Old Slate

Furnace banks is shown by the following analyses by Dr.

e writer.
Peter and Mr. Talbutt, from samples se.lected by t:tative =
The samples were intended to be as fairly represe

possible : Ao

The chemical composit
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Jrowinacoide s L v v e R E R el R 76.077 69.728 70.060
[ ST R R o R R P S RS il 2.592 8.642 4.540
BIEEAnEse . e L e ST R - x By ESSNE NG T SR S
Rime carbonate . LA L LRRED [C T LR i e v ini% .130 170 .040
MBeriesta ;10 bR aE i T O .281 .045 .021
Ehosphoriciacila s L]z ol Wnceiiles B .731 I1.154 1.620
Sulpharic geid R LS NG Bl e (RO A .030 134 .031
Silica and insoluble silicates. . . . . . . . . o il 8.180 7.930 11.530
Combined whters, L8 L N NG S R 12.300 12.650 12,300

B i mas Gy e SRS s RSP  T es 100.751 100.453 100.142
Mistallic ironc? jfodes 020 ELS0A0eR B SRR £F i ) 53.254 48.809 49.042
BResphiorus’y's (vl M RIS I .319 .504 .707
e 1T R R S s (R .0II .053 .012

" No. 1 is from the Block House hill; sample from all parts
of the ore exposed. :

No. 2 is from same locality ; sample from the upper part of
bed.

No. 3 is from the Howard hill.

It will be seen by the above analyses that the ore is much
richer in iron than is generally supposed. The per centage of
phosphorus is also large, as was indicated by the character of
the iron made from the ore.

The country in the vicinity of the ore is pretty generally
cleared of its timber, so that it is doubtful if this ore will be
again used in this vicinity for the manufacture of charcoal iron :
but it will in the future be largely shipped to furnaces using
stone-coal, in the Hanging Rock region and other localities,
where it will be used to mix with the coal-measure ores. The
ore is but a short distance from the located line of the Lex-
ington and Big Sandy Railroad, and would furnish a large
amount of freight to that road upon its completion. It will
prove valuable to mix with the limestone ore of the Red
River region, and will be extensively used for that purpose
when some means of cheap transportation can be had.

Il. THE RON MANUFACTURE.

The iron manufacture of this region is the oldest in the
State of Kentucky, if not in the West.
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As yet it has been confined to the production of cold-blast
charcoal iron, which is used mostly for the manufacture o.f car-
wheels, for which purpose it is unsurpassed by any i!:Oﬂ in t'h'e
country. It is of great strength, and at the same time Crhllls
readily. It has commanded a market all through the West,
where it-ranks with the best known and most celebrated brands
of car-wheel iron in the country.

The first furnace in Kentucky was situated on Slate creek,
in Bath county, and was called the Slate Furflacc. Ft doej gf)ft
properly belong to the Red River Iron region, as it us]e tl(i
ferent ore, produced a different grade of iron, al.ld was locate
some distance from the other furhaces; but as it was t.h(? pio-
neer furnace in the State, and the only one in this vicinity, it
will be described here. gt ;

According to one authority, it was built in ';791 tbh); '15;111;;56.:
Dye Owings; according to anotl.ler, 1t‘was bult in W
year by Jno. C. Owings. It continued in Opf.lldtloll)l uk Whid;
It used the Clinton ore from the already described banks,

} i The blast machiner
were two miles south of the furnace. The blast r y

i - ins ient to give
was driven by water-power, which was often msufflulc Tl;]gere
sufficient blast to keep the furnace working regular y.fmm g
were two forges in the vicinity which made bar iron

: ges

ig iron of the furnace. X {5 the
Png Joshua Ewing, who was in charge of the furnace

i s that i tion was
last ten years of its operation, states that its produc

about three tons per day, using nearly or quite three tons of
ore to the ton of iron. e ‘< shown
The working of the furnace was very \vaztctlfilel, f::txsthat’ o
by the character of the slag I”Odu_ced'1 (:m:h . as scrap, that
large an amount of iron was l-OSt T “3 ‘)‘(lf’eaP was worked
after the furnace ceased operations, the %agount of scrap iron
over, the slag broken up, and.a large amf A
obtained from it. This excessive wastc O ted and the per
the difference between the yield as rcp‘i" (Kan;lyses. The
centage of iron in the ore as shown by,tfation o reuidd
ron m‘ade at this furnace: had a poor rept '

- g
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amount of phosphorus which it contained, as is shown by
the following analysis of a piece of scrap iron from Slate
Furnace, by Dr. Peter and Mr. Talbutt :

AFOR. s S S A SR R e R SRR L 92.056-
oI 5 o e T e e e ks a e 3.640-
STNNE cdrbon 50 5 o Ny DYy fro L e e R .310
shlcon, =0 Lt il g Dy, IR N A et S A A L S itnt b A 1.760
B s P PR R n BRI M o B OB g} e g e .100°
Calenmil T3 aohel Sl SEL T GUpe i rn o L il ey e Y e T s .116
PHOSPhovus .« Gl el 2 LN S R R e R R 1.080
Sulphups’ o sk 6 i P L e U e B SRR R et iy .218

LOtal 0t 5N oR e SRR T Ty e 3 (5 e g 99.280

This iron is not of as good quality as that made from the
limestone ore.

The next furnace established, and the first in the Red River
region proper, was on Red river, in the large bend above the
mouth of Hardwick’s creek, in Estill county. It was built in

1806 or 1808 by Wm. Smith. There was also, at the same
place, a forge running four bloomery fires, which was built a
year or two previous to the furnace. The supply of ore was
obtained from the hills on both sides of the river, some distance
above the furnace, and boated down the river in flat-boats to-
the dam just above the furnace. This dam backed the water
sufficiently to render the river navigable for small boats. It
also furnished the water-power to drive the blast machinery
of the furnace.

This furnace was in operation until about 1830. There was
subsequently a rolling-mill erected at this same place, which
continued in operation till about 1860, when it was removed,
owing to the excessive cost of coal, which was brought down
the Kentucky river and wagoned across.

It is stated that the furnace stack was first constructed of
the Devonian black shale, which is the prevailing rock in the:

.vicinity. This shale contains a considerable amount of bitu-
minous matter, which, when the furnace became heated, took

fire and burned all through the stack, with the result that the .

rock was so softened and cracked that the furnace had to be
rebuilt with more solid material.
234
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The next furnace erected was Beaver Furnace, on Beaver
creek, Menifee county. It was built in 1819, by John T.
Mason and four others, whose names could not be clearly
deciphered from the inscription on the olc.i stack.

This furnace, like the other two, was driven by water-power.
There were two forges near, one on Beaver creek below the
furnace, and one on Licking river below the mouth of Beaver

ek.

Cr(?I‘he furnace continued in operation until about 1830. It
used the limestone ore from the vicinity.

These three furnaces were built and running seve_ral years.
before the erection of the first furnace in the Hanging Rock
iron region, which was built in 1822. The'y, as well astag/;:y
Furnace, on Caney creek, which was.bmlt 1}1 1838, llyb £
Joshua Ewing, and went out of blast in 1843, hefve al eexf
abandoned, from one cause or another; usu.ally either iaxcess
ive cost of transportation or exhaustion of timber supply.

The active furnaces of this region are five; they are as.

follows :
When built.
Name of Furnace. Ry

B A 1830.
Est\ll‘ ..... 1839.
e R N R R i e 1 o 1856,
Cottage..‘...,....-----": __________ 1869.
Red river, twostacks . . ¢ o « o o o o o = »

Bath Furnace, as already stated, isﬂsituated on Cllle;:ecifdegll{é-
in Bath county. Estill and Cottage Furnaces are :S S
between the waters of the Red and Kentuck_y rlved (,)n b 7,
two stacks of the Red River Company are s'ltuate R oo
creek, about six miles from the I'(entucky I‘IIVEI‘- e 10
are in Estill county. The machinery of all thes

steam. { the Red River
) . wo furnaces O
With the exception of the t d hereafter, these fur-

i i describe ;
I & any, which will be - i
nl;locnes a(:‘renI;H ())ff the old type, with heavy sandstone stacks

the form of a truncated pyramid. : Ay



26 REPORT ON THE IRON ORES, ETC., OF

- The principal interiial dimetisions of thése [urhaces are
‘showii by the following table:

DIMENSIONS OF BLAST FURNACES IN THE RED RIVER IRON REGION.,

Bath. | Cottage. | Estill. |Red River,
| 2 stacks.
214 R B i
Diameterof bosh. « . « . .0 2w bt ?g” 6 31:8): 4 o ¢ 6
Batter or slope of bosh . . . . . . . . i 8° i 7 xo: -
Diameler of thioat . . . . . . . o . .. ¥ 44 4 | P 5
II—)I_eig]n ofhagPth s 4%, 00 L AR Sev g g’ g’ 3 g’ g: &%
iameter at top of hearth. . . R 20 3R 71l
Diameter at bottom of heart Gy o V|3 &7 |3 T |L 48
Number of tuyeres : . ?ar e 2’ e ;, i s s 3: 9
Diameter of tuyeres. . . . . . . . . . . 1477 ; 2
Height of tuyeré ab bottom 6f hearth . 3/ 37 - Ml s
Number of Loilers. . - g delpurisi, (b BB GT L R T
fameter of boilers. . . . . HREL A b 10 3 z
‘Length of, boilers. . . . . . ‘ s ‘2,0’ S 3;’ 3// 5
Number of blast cylinders. . , . . g ; i, 1A
Diameter of blast cylinders . , , ., . . . o (o) 0 Aol T ;’ & ;’
Stroke of blast cylinders . . 6 one 6’ % ,
Diameter of steam cyli - 5,} %
v § yLundder .U e o
Stroke of steam cylinder. . : I’ AL AT 4 1%
y . 6
...... 6’ 5 Vg

: These furnaces all use the limestone ore, working with cold-
‘blast for the production of a car-wheel iron, The Red River
Furnaces' are the only ones which have a hot-blast oven con-
nected with them, and this has not been used since the first
“year of two of the furnace operations.

The'd'lmensions and arrangement of the two stacks of the
Red Rlvgr [ron Company, at Fitchburg, on Miller’s ¢reek, are
shown by t.he accompanying plate. They represent the ,ﬁrst'
-attempt at improved furnace construction in this tégion. They
afe twm stacks built in a solid rectangular mass gf m.ason‘ '
fg;r'fy by sixty feet base, and fifty feet high. The workr};
wntfx clo;ecl tops, originally with the bell a'n'd' ho yer a ¥
ratus; but this was finally removed, and a thimbﬁef-)cha g
appiratu§ substituted. The hot-blast oven is on top o?g::gg
_:t:‘;s. m;:et§:§f§ are _c?rlr'lfed do.wn. twenty-two feet, through
e e ph w);}ri-;s?( br}ll thltty-Slx. mchéf in cross-section, to
ik ; iIch there are eight, in four nésts of two
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The engines are modern, vertical, direct acting, with steam;
cylinder twenty-four inches diameter and four feet stroke; blast
cylinder five feet diameter by four feet stroke. Everything in
connection with the furnaces is constructed in the most thor-
ough and substantial manner. The cost of the furnaces alone,
without machinery, was over one hundred thousand dollars,
while the cost of the machinery and fittings brought the total
cost of the two stacks to nearly one hundred and sixty thou-
sand dollars.

The metallurgical success of these furnaces has been all:
that was expected; the iron produced was of the very best
quality, and commanded the highest prices, and the furnaces
produced a large yield on a moderate consumption of char-
coal. One stack has made as much as 480 tons of cold-blast
iron in one ‘month, on a consumption of 166 bushels of char-
coal to the ton of iron; and during one week it made 128%;

tons, using only 155 bushels of charcoal per ton. This, how-

The average consumption of

ever, was exceptional working.
1 the production of iron less.

charcoal was somewhat greater, anc
The following table shows the average yield of the roasted ore,
the consumption of charcoal per ton of iron, and th<? number
of years during which, the furnaces were in opc.ratxon, from
which these results were averaged. This table includes the

two stacks which were respectively named Chandler and Black-

stone, and also Estill Furnace, which is the property of the

same company:
RON COMPANY’S FURNACES.
e~~~ 1.

" Average consumption
Average yicld of | ;¢ charcoal per ton of

RED RIVER I

No. years from
Name of Furnace. which averaged. roasted ore, per cent. iron, bushels.
LRI |, VOSS A NEEAC e 215
A A L
.2 231
RN dlar, it e e L LG 4 ig.l 209
Blackstone i, o wfs e o e a8 g 46.4 225

0o TEINE R S A R R

e to obtain the figures for the yield ofhthe

raw ore with any accuracy. It is stfxted, howeve(;, b]):3 tthoiis

connected with the furnace, to be 'clu.rtyzdthrt'ate}:1 2;2 a(;cll 5
i wi

per cent. One series of figures, obtaine g he

It was impossibl
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yield from the raw ore at Estill Furnace, gave the average for

five years as 33.03 per cent.; but there was some obscurity in

regard to some of the items which cast a shade of doubt over
their accuracy. The returns for the yield of roasted ore are
probably accurate, as they were taken from the daily blast
report book.

It is to be regretted that it was impossible to obtain similar
returns from the other furnaces of this region. The average
yield of the roasted ore at Bath Furnace, for one period of
sixteen weeks, was 51.7 per cent. No returns of charcoal
consumption were obtained from this furnace.,

None of the furnaces of this region are at present in op-
eration, or have been since 1874, with the exception of Bath
Furnace, which made a short campaign in 1875, during which
less than fifty tons of iron were made,

This is due to the extremely depressed condition of the iron
trade all over the country, the prices of pig iron ruling so low
at present that it cannot be manufactured in this region and
brought into market at a profit. This is owing more to the
excessive cost of transportation to market than to the original
cost of the iron at the furnaces. Iron can be produced at these
furnaces for much less than at many other localities which are
nearer to market, as ore, charcoal, and labor are all cheap;
but the facilities for transportation are so poor, that it costs
from seven to ten dollars per ton to carry the iron from the
furnace to market at Louisville or Cincinnati. This tax is so
great that, at present prices, it either entirely consumes the
profits, or leaves the margin so small that it is not worth the
risk. '

The furnaces of the Red River Company, on Miller's creek,
shipped their iron in flat-boats down the Kentucky river at
time of high water, while the other furnaces usually hauled
their iron to the railroad, in €very case a distance of over

twenty miles. Were there railroad or slack-water transpor-
‘tation within a few miles of each furnace, it would be profita-
‘ble to make iron in this region, even at the present extremely
low prices; but the necessity for wagoning it such great dis-
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tances, or of awaiting the uncertain rises of the. Kentucky
river, and the danger of navigation when the rises come,
render the cost of transportation entirely too great.

The construction of any of the projected fallroads through
this part of Eastern Kentucky, or the extcns_lon of the systenﬁ
of slack-water navigation on the Kentucky rnfc.r'to the mout
of the Three Forks, will give the desired fz1c111t1es' to aflarge
part of this region, and be followed by the .crectlon o1 ne(;v
furnaces where heretofore the ores h.avc lau3 undeve OII).C t,
owing to the difficulty and cost of getting the iron It)o rlnz;{i\cel.‘

As a commercial enterprise, the furnaces o‘f the Rec ’ 11v
Iron Company have not been successful. I‘lrlon; (l lcl:;tli] Lll)[’(;
gical stand-point, the furnaces ha\fe been a 11:'1 O
expected; but the property of wlnch_they fo'rmta pln; i
in which they are the chief producing apparatus, ha

table to its owners. g
bezlftfrrzflil investment of about one zmc.l a half ,n,nlhto.flif\if?l-
lars in lands, furnaces, buildings, dwellmg—hou?cs,(' '{“1(1 LO‘)a):
roads, and other improvements, the company has ,dlia: ms[:ed
the interest on its bonded debt, and the pr()‘pert).”ion f)( dol_
into other hands, leaving a clear loss of over a mi
lars to the original stockholders. B Bl

These stockholders were mostly C'le)lt'd is s1 s IR
State, and the failure of an enterprise 1111.\1261:1“y C;tab}ished,
vested so largely, and which had beefl 50 10f t‘his S
cannot fail to greatly injure the chpultdtlolt)qrd 2 de\?clopmcut
iron-producing district, and seriously fe Lent o
in the future, by preventing the investm

§i Feqion 20 sustain an es should be charged with the

can be shown that other caus
failure. : . In the first
That this is the case there can be e dOoutb;dapted to the
place, it can be said that the furnace.:s weLe rl:;oal igon. There
regio;1 nor for the purpose of making cha
)

working of the furnace
‘was no difficulty,

so far as the me.rek was in erecting two
was concerned; but the capital mistake 239
‘was ;
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such large and unnecessarily expensive furnaces, away from
any line of transportation, with the expectation that they
would both be supplied with ore and charcoal from the im-
mediate vicinity. The furnaces each require, to keep them
in operation, about double the amounts of ore and charcoal
that the older and smaller furnaces use. The large furnaces
will each produce, when working anything like full time, from
three thousand to four thousand tons of iron per annum. To
make this amount of iron will annually strip about four hund-
red acres of land of its timber, or eight hundred acres for the
two furnaces. At this rate of consumption, the land around
the furnaces would be cleared so rapidly that, in a few years,
the limit of economical haulage of charcoal would be reached.
The same would occur with the ore supply. The ore deposits
of this region are of such a character that, so long as they are
used by charcoal furnaces, which work exclusively the limonite,
which is found only near the outcrop, a very large area of the
ore bed will be required to supply the demands of a furnace.
Only a comparatively small amount of ore is usually obtained
at one locality; so that, when a large production is required,
the exhaustion of the limonite in any given region is rapid;
the workings are removed farther and farther from the fur-
nace, and the cost of hauling the ore increases proportion-
ately. Where the ore is obtained by drifting, instead of
benching, this does not take place so rapidly; but, as a gen-
eral rule, not a great deal of limonite is obtainable in this
way, as the ore changes to carbonate on following it under
ground, where the overlying rock is thick and impervious.
There are many localities near the western edge of this ore
field where the thickness of rock over the ore is slight, and
the whole ore bed is changed to limonite ; but, where this is
the case, the total area of the ore is small, as it lies so near
the summit of the hill:

The style of furnace adapted to the economic necessities
of this region, is either a small cheap furnace, which can use
all the ore and timber within easy hauling distance, and then
be abandoned after twenty or thirty years without great-loss,
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or a more expensive, larger furnace, intended to be perma-
nent, located upon some line of transportation, either railroad
or river, by which supplies of ore and fuel .can be cheaply
brought to it from a distance, after that within hauling dis-
tance has been exhausted.

With a reasonable cost for transportation of iron to market,
a large number of furnaces of either or both of these classes
can be sustained in this region, and will produce iron so cheaply
that it can be manufactured at a profit in almost any probable
state of the market. These conditions apply to the charcoal
iron manufacture. With reference to the manufacture of iron
with stone-coal or coke, an industry which has not been at-
tempted here as yet, but which is destined at some not far
future day to become important, it may be said that the loca-
tion of furnaces for this purpose, on some line of transporta-
tion, is absolutely essential, as the coal will have to b-e brought
from further back in the eastern coal field; for, with a few
exceptions, the Sub-conglomerate coals are not at thelr' lc)lels't
development where the ore is found at 1'ts best. An addi-
tional reason is, that stone-coal iron, being a low§r-pr1ced
product, will not bear the expense of transportation that
charcoal iron can.

The furnaces of the Red River Iron Compan)./ are fitted to
none of the conditions best adapted to economical and Prolf-
itable working in this region. They are large, CXPE“S‘V?;;
built furnaces, furnished in the most conlpl?te and substanti
manner, and everything about them showing thatdth_eyn‘:’iTZ
built to be permanent. They are, how.ever, loclate bzlxhau]e;l
from the Kentucky river, to which the iron hac toon s
for shipment. They are, therefore, depen{d?ﬂtl UPF‘( e
mediate vicinity for their supply of ore anc uea.gon:b[l)e g
has proved that it is inadequate to supply, a't rfeli . (eration a8
the amount required to keep both furnaces mi:; tOpkeep e
the most of the time. The two ful.‘naceshreql;o‘;nt PERCPER
in constant operation, about four times t ef atlhis bdsich i
fuel which any one of the older furnaces o

COAL 1.—I6

241
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The records of the two furnaces show that, with the excep-
tion of the year 1871, which was the first year after both were
fairly started, and when they together produced between seven
and eight thousand tons of iron, they have never both been
worked to anything approaching their full capacity; and this,
too, during part of the time when iron commanded the high-
est price it has reached for years, and when, therefore, every
inducement was offered managers to urge the production of
their furnaces to the utmost limit. This proves the original
statement, that, to supply two such large furnaces at profitable
rates, is beyond the capacity of the region immediately sur-
rounding and within easy hauling distance.

- In addition to the mistake in the location and size of the
furnaces, they were unnecessarily expensive. The same may
be said of all the improvements made by the company. The
number and style of buildings, and the investments for roads,
tram-ways, &c., were somewhat extravagant. The buildings
of one sort and another cost considerably over two hundred
thousand dollars, while the cost of roads, tram-ways, inclines,
etc., was nearly one hundred thousand. All of these items,
added probably to some considerable extravagancies, or at
least the lack of economy in the management, combined to

make the total investment of capital in the enterprise much'

greater than could reasonably be expected to pay a good in-
terest, under the most favorable circumstances.

As a further proof of the above statements in regard to
these furnaces, it may be stated that Estill Furnace, which,
with all its buildings and improvements, cost not more than
ten or fifteen per cent. of the total cost of the large furnaces
and their improvements, produced, in the five years from
1870 to 1874, inclusive, nearly one half as much iron as was
made by the two large furnaces, when, had they been worked
up to their capacity, they could readily have made four times
as much as the smaller furnace, with its imperfect machinery.

When improved transportation facilities are afforded this
region, so that iron can be shipped to market at a reasonable

price, these furnaces will be profitably operated, for a portion
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of the year at. least, with ore and charcoal obtained from the
immediate vicinity; but they will be best developed by a
railroad which shall bring to them ore and fuel from a dis-
tance.

This whole region has a great future before it as an iron
manufacturing district. It is capable of sustaining many times
the present number of furnaces; but its development must
depend upon, and be determined by, new lines of transporta-
tion. Until means of transportation are improved, it is useless
to look for any great development. The character of the ore
deposits must also be considered in constructing furnaces in
this region, and only furnaces adapted to them be erected.
The experience of the Red River Iron Company proves con-
clusively that this pattern of furnace is not adapted to this
region, unless the furnaces be situated on some line of trans-
portation where ore and coal can be brought from a distance.

QUALITY OF IRON.
The following analyses show the chemical composition of a
number of samples of iron from this region:

ANALYSES OF COLD-BLAST CHARCOAL PIG IRONS FROM THE RED RIVER
IRON REGION, BY DR. R. PETER AND MR. J. H. TALBUTT.

No. 2 No. 3 No. 4
No. No. No. 1 No. 3 No. 5 No. 1
Cot(zagfe. Esotilll. Red River|Red River(Red River| Bath. Bath. Bath. Bath.
000 0 & it St 93.106 | 92.582 94.174 93.728 93.963 92.23; 9;2:; 93:‘2 93;2:
Graphitic carbon , 3.860 3.500 3.340 3.520 2.000 3. :'o 3 oo g
‘Combined carbon. . 300 1.200 1.110 .780 2.550 -7 e o i
Silicon , , 914 .g60 447 1.202 .363 1.520 .362 o o ih
%1}?2 ot 160 .360 .360 .360 gzg ;g; ::20 :290 e
sph . «402 » 2090 . . :
S"I(l)’l;:-‘rm:us.' : 22 gég .:82 .081 104 .278 .107 121 172
Total . 99.168 | 99.112 | 100.0I5 99.961 99.638 | 100.180 | 98.330 [ 100.745 98.815

Some of the above analyses were more complete than as

given here. For the complete analyses, see the report of Dr.
Peter.
The excellent quality of this iron is due to th.e. comp
atively small per centages of phosphorus and 51!xcon.R .
comparison of these analyses with those of Hanging Kc;l-
hot-blast pig irons, published in volume I, seco.nd serles,irl =
itucky Geological Reports, shows a marked difference

al=
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per centages of these ingredients in favor of the Red River
irons. When the Red River ores come to be worked with
hot-blast, it is probable that the per centage of silicon will be
increased; but the phosphorus will remain about the same.

PRODUCTION OF IRON.

The following table shows the production of iron in this
region for the years 1870 to 1874, inclusive. In 1875, there
was no iron made at any of the furnaces, with the exception
of one lot of forty-eight tons at Bath Furnace.

These figures were obtained from the furnace books for all
the furnaces, except Cottage. The returns for that furnace
are probably accurate, as they were obtained from the former

proprietors:

Name of Furnace. 1870. 1871. 1872. 1873. 1874.
BRI o o s e R s not in blast{not in blast/not in blast; 795 1339
Cottage . o v ../ e visia’e #1000 1850 1900 1950 [not in blast
Red River Iron (Estill . . . 1167 1880 1967 1375 388
Company’s Fur- { Chandler. . 2109 3855 2564 613 [not in blast
naces. Blackstone. 772 3529 289 1057 1284
RO o o it e 5050 11114 6720 5790 3011
* Estimated.
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ON THE IRON ORES IN THE VICINITY OF CUM-
BERLAND GAP.

The iron ores of economical importance in this region lie on
the southeast of Cumberland Mountain, usually in the range
of foot-hills known as the Poor Valley Ridge, which is almost
always seen at the base of the mountain. Occasionally, this
ridge disappears, and we find the ores on the flank of the
mountain proper, near its base; but their occurrence in this
position is exceptional.

The ores are, consequently, in Virginia and Tennessee;
but as they occur so close to the Kentucky line, and are so
intimately connected with Kentucky interests, in that they
cannot be fully developed without the use of Kentucky fuels,
an examination was made of them for a few miles up and
down the mountain, from Cumberland Gap, to ascertain some-
thing as to their method of occurrence, quantity and quality,
and to determine the capabilities of the region to sustain an
iron-manufacturing industry.

The manufacture of iron from these ores with charcoal fuel
has been, for a long time, carried on in this vicinity in a small

way, at a number of places; both pig iron and blooms having
been produced. It is, however, upon coal as a fuel that the
permanent iron industry must be founded, and the coal which
will, in the future, smelt the ores along the mountain for a con-
siderable distance below, and for a still greater distance above
Cumberland Gap, must come from Kentucky. There is no coal
to the southeast in either Tennessee or Virginia, and Cumber-
land Gap affords the most feasible passage by railroad through
the mountain, from the ore to the great Kentucky coal field.
Such being the case, these ores become of almost as much

importance to Kentucky as to the States in which they are
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situated, especially when we consider that their development
is dependent largely upon a Kentucky railroad enterprise to
give them access to market. Either of the projected railroads
through Kentucky to Cumberland Gap, will find in the trans-
portation of these ores, and of the iron made from them, one
of the most important sources of revenue.

The ores of this region are stratified hematites, belonging
to the Clinton Group of the Silurian formation, a group which
has been designated as the Dyestone Group by Prof. Safford,
in his report on the geology of Tennessee. The ore is vari-
ously known as the Dyestone or Fossil ore, and sometimes
simply as the Red ore. It is called the Dyestone ore, from
the fact that it is sometimes used for dyeing purposes by the
residents of the region where it is found.

The rocks with which it is associated are usually shales,
sometimes calcareous, which occasionally pass into thin-bed-
ded sandstones. There are also occasional interstratified
thin beds of limestone, which increase in frequency toward
the lower part of the series, and below the ores.

The thickness of the group in Tennessee, as stated by Prof.
Safford, varies from two hundred to three hundred feet. In
this vicinity it is usually thicker, ranging from three hundred
to five hundred feet. These rocks pass almost imperceptibly
into the Medina sandstone below. Thijs sandstone is here
thin-bedded, and less marked in every way than it is further
southeast, where it is the massive determining rock of Clinch
Mountain; but it is still heavy enough to form, with the lower

portion of the Clinton beds, the Poor Valley Ridge, or foot-
hill range of Cumberland Mountain. The “Poor Valley,”
be'tween the foot-hill and the mountain, is excavated in the
thm-bf:dd.efl, soft, and easily eroded Clinton rocks, and it is
to tl}exr sEIECious nature, and the soil resulting from them, that
the infertility of the valley is due. The Devonian shale and
th.e Waverly also help in the formation of the valley to a cer-
tain extent, but the Clinton shales are particularly the valley
rocks. Usually the shale above the ore occurs in the valley,

:::;d the upper ore (of the three to be hereafter described),
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"with a thin but hard sandstone immediately above it, is the

‘highest and crest-forming rock of. the Poor Valley. Ridge.
As already stated, the ore occurs 1n beds or layer-s, interstrat-
ified with shales and limestones. It differs much" in quality in
the different beds; but when at its best, is an odlitic, gre.asil-
feeling, fossiliferous hematite, formed at plac'es almost entlreg
-of fragments of crinoid stems. Ot!ler fossils are 1.1umetr.ot1;1é
but by no means reach anything like the proportion o
-crinoi mains. ;
cn’l}?ll:acl)rz:e has not been studied in §ufﬁcient detail over a
large area, where it has been opened in depth, .and thefocl).;era
lying rocks are fully exposed, to en.able the wrﬂltert.obllt 59
theory of its formation satisfactory 1n -eve.ry respel:)c - g%
structure of the ore, in most cases, indicates, eyo'li.f)
sonable doubt, that it was originally a bed of'foslsnlcrov;lcs1
limestone. The original limestone has bcex} disso (\{ege acn)s_
removed by the solutions which brOL}ght the 1roi}lan. onphaS
ited it in the form and place of the limestone. (llelzs o
probably been derived from the rocks ab.ove, and h
gradually removed by a process of lea.chmlg..‘ IR
This ore is by no mealilsda }ocal ;llczljvos\}to.rk tt;s ;labama e
» rocks of this period, from NEW : £ ) -
(i)tfizhatls; found in thepsame form'flt}ilot1 “fl \r’\rfllstcﬁ)eni\ln;,wofyzr?{uzgr
i at can hardly be distinguishe 1'.0 . ;
’l'?;ntrlllessee ore. 'l}ihis marked uniformity of. quacl)lft);hlngegz-
sition of the ore show that the waters, at the t1r.nfe by a
sition of these rocks, must have been very uni 9125 i)n e
with iron over an area hundrf:ds o'f square mi g
There is no similar formation in wh1.c11 iron (())frer.]iCh dgn
with anything like so great umformlty,‘oru connected with
characteristic. Other ores are found usually

i i they are by no means
e partlcuilart ff%rrnr;zt‘clioc:l,;b:l:ey aZe, on the contrary,
7 This, however, both in quality a.nd
along the parallel mountains
dreds of miles. In the

of ore which is
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coextensive with t
“pockety”’ and erratic. :
position, maintains 1ts identity

«of ‘the Appalachian series for hun

i mass
aggregate, therefore, 1t presents 2
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practically inexhaustible, and is unequaled by any other de-
posit in the country.

In New York and Pennsylvania ore of this age is largely

worked for the supply of blast furnaces; but south of those
States it is almost untouched, although in Virginia and Ten-
nessee a number of small charcoal furnaces and forges have
been using it for many years past. Their consumption is so-
small that, in comparison with the vast amount remaining,
what ore they have used is too small for notice.

There are usually found in the region under consideration
three beds of ore. These have been found to extend with
considerable regularity for five or six miles each side of Cum-
berland Gap. Whether they are persistent at a greater dis-
tance above the Gap than this is not yet known. Ore is.
found in good thickness at many places above; but the sec-
tions taken have not been detailed enough to prove the exist-
ence of more than one bed, although there is no reason to
doubt that the others will be found when properly sought
for. Below Cumberland Gap, at Speedwell Furnace, two ores.
have been worked, apparently corresponding to the middle
and upper of the three above mentioned, with the distance
between them considerably increased.

The positions and relative distances apart of the three ores
are shown in the sections of the accompanying plate. These
sections were all taken within a few miles of Cumberland
Gap, and the most of them within one mile and a half. It
will be seen from them that the ores are sometimes found at
the foot of the mountain proper, and sometimes in the Poor
Valley Ridge.

They are of the most value when they occur in the ridge,
for the reason that there is then a larger amount of the ore
above drainage level, where it can be much more easily and
cheaply mined. It is also probable that, at a certain depth
below the drainage level, the soft fossiliferous ore becomes
hard, calcareous, and poor in iron; in other words, that it
approaches the condition of the original limestone, and is

no longer profitable to work in the furnace. This opinion is
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not founded upon observations in this immediate region, for:
mining has not yet been carried deep enough to ascertain

the fact; but it is based upon reports of mining operations.

upon the same ores at other and widely sepa-rate.:d places.
When the ore occurs in the Poor Valley Ridge, it dips nearly
with the slope of the ridge on the mountain side, so that
there is a large amount of it at a uniformly small dfepth .below
the surface; while, when it is in the mountain, it dips dlrect']y
back from the surface; and even if it does not change its.
character, and become lean, it will soon become difficult and
expensive to mine. i ; .

It will be seen from the accompanying sections, that the dis-
tance between the upper and middle ores varies from seventy
to one hundred and five feet. The distance between the mld-.
dle and lower ores is from two hundred to two hundred and:
ﬁft"f‘iz ic:[icr ore is the most valuable of the tl.lrlee i.n -thlz.
region. It is soft, very fossiliferom}s, and much ric er 1111 n‘oI ,
than the middle ore, although it is not nearly so thick. It
has been seen by the writer varying from fifteen to t\\lrem.:y—
two inches in thickness, and it is reported on good authority

ace. where a full measurement could not be obtain-
2 )

at one pl e

ed at the time of visit, to be twenty-six inches thick.
been worked in the furnace at Cumper-
land Gap. There is such an abundance of it il}l th(le) n,ilg:](;
borhood, and it is won so cheaply, tl?at there has : ee : i
inducement to attempt to utilize the mldc.lle ore, \v.l;}c'l is e
thicker and leaner than tllle Lg.)per. iltl iyh;r;l,wixitlgotts,cmy-
fossiliferous. It has been se .

ZZ\E;frilches thick, and is reported, at o'th-er “placez;“t:ioll)lz
thirty inches. It seems to have been originally aIt e
limestone, which is now impregnat?’d w11;l¥ 11‘01:1.]e i1
rently corresponds to the «hard ore”’ of ttnsbsea thepcounter-
Pennsylvania, while the upper ore seems to

part of the ‘“soft ore” of the same State.

land Gap, the middle or hard ore has been u :

the only ore that has
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hind as each successive bench
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-able quantities to mix with the soft ore, a purpose for which it
is well adapted. This is the way in which the two ores can be
profitably utilized. The hard ore, although richer and more
valuable than is now commonly supposed by iron-makers in
‘that region, is yet too silicious to work easily in the blast fur-
nace alone. Mixed with the soft ore, however, it can be used
with very good results.

'Owing.to its greater thickness, there is a larger quantity ot
this ore in a given area than of the upper ore, although its
spficnﬁc gravity is not so great.

Ihe lower ore, which occurs about two hundred feet below
the middle, is but little known, and never, to the knowledge ot
'the writer, has been mined in this region. In quality, it very
me:h resembles the soft upper ore; so much so, that specimens

-of it can scarcely be distinguished from the upper ore. It is
h.owever, thin, not having been seen by the writer more thar;
six or seven inches in thickness. Where this ore occurs in
the mountain proper, and dips away from the surface, it will
‘be of little value, as.it is too thin to be profitably m;ned at
present under such circumstances; but where, as shown in
‘the lowest section of the accompanying plate, i’t lies near the
surface of the ridge for a considerable distance, it can be
‘worked.at very reasonable rates, and a large amé)unt of ore
be obtained; as, with a thickness of from six to seven inches
::Oa:h square yard covered by the ore will yield nearly halfai
| 'Ijh.e lowest section of the accompanying plate shows the
position of the ores in the Poor Valley Ridge, at i’jumberland
'Gap, just below the Tazewell road. It will b’e seen that both
the.l?wer and the upper ores lie here in the most favorable
position possible for easy and cheap mining, as they are both
mear the surface, and only covered by a siight thi};kness of

‘overlying material. The 1 :
ST et G ipper ore has been mined for the

beginning down in the vall : i
’ ey and workin
upwards towards the crest of the hill, throwingythe earth begf

of ore is raised. In this way
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- the pits or benches are easily drained. The cost of mining:

the ore here is only fifty cents per ton.

This fortunate position of the ores in the ridge is continued
for several miles below Cumberland Gap, interrupted occa-
sionally by changes in the topography, where longer spurs
than usual put out from the mountain, between streams, but
returning again to their position on the ridge as soon as these
are passed.

The section just referred to shows the slope of the i
on which the ore lies to be about six hundred feet in width.
At places below, on the ridge, it will exceedA this measurement
by nearly one half. It will, therefore, be safe to estimate th-e
breadth above drainage of the ore stratum running along this
slope of the Poor Valley Ridge at six hundred feet, or two
hundred yards. The ore varies in thickness from fifteen to
twenty-four inches, and it is probably undfer rathef than over
the average for this region to place it at elghteen. mch.es 3 but
in the following estimate of the quantity of ore in this ridge
it is essential to keep within limits of safety. The ore has,
according to the determination by Mr. Talbutt.of two sam-
ples, a specific gravity of 3.94 and 391 Assuming a specific
gravity of 3.9, a thickness of eighteen inches, and a breadth
of ore belt of six hundred feet, there will be present, for each
mile of the ridge holding the ore in this position,. 538,319.
This estimate is, however, too great, In that it
assumes the ore stratum and the surface of the ridge to be
continuous, unbroken by ravines, gullies, and streams. No
accurate estimate of the amount lost in this way can be made
without a detailed contour map; but it is. believed t%lat one
fourth will be more than ample to cover It. Deducting one
fourth as lost in this way, we still have 403,740 tons of olre
present per mile of the ridge. This CStlInat(:flS lmadeoj::;:ali:
sive of any ore below drainage at the foot of the m gt
for the reason that it is as yet uncertain to what epth
h; and it will be a long time

this position. It is
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gross tons.

proper, :
the ore will be found soft and rich; and
before there is any demand upon it 1n
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simply desired to show how vast an amount of excellent and
-easily obtainable ore there is lying almost at the surface.

Where the belt of soft ore is two hundred yards in width,
there will be in the same ridge above drainage one hundred
and fifty yards in width of the middle or hard ore. This, with
a specific gravity of 3.1, and an average thickness of twenty-
seven inches, will contain for each mile of the ridge 462,404
.gross tons of ore. Deducting one fourth, the same proportion
as in the former case, for ore lost by ravines, streéms, &ec.,
and there remain 349,303 gross tons per mile. The estimate
-of one fourth loss in this ¢ase is much larger than in the
other, as the ore lies so deep that it is not reached by many
ravines which have cut the upper ore,

It is impossible to give accurate estimates of the quantity
‘of available ore above drainage, where it does not lie in this
favorable position on the Poor Valley Ridge, without a most
minute study along the whole outcrop of the ore, and a contour
line map showing its elevations at different points, as it varies
for every mile of the distance, running out on the ridge when
that is high enough to hold it, and again setting back at the
‘base of the mountain as the ridge falls away in height.

Prof. H. D. Rogers, in volume I, of the Geological Reports
of Pennsylvania, in giving an estimate of the quantity of ore
of this kind, eighteen inches thick, present in the region
around Danville and Bloomsburg, Pennsylvania, places it at
fifty thousand tons for each running mile of outcrop. This
is based upon the assumption that the soft ore will not be
found of more than an average depth of thirty yards, ere it

‘changes to hard, lean ore, which cannot be profitably mined.
This assumption does not, however, prove true in every case,
-as Prof. J. P. Lesley states that mining operations at Bed-
ford, Pennsylvania, haye yielded the ore in perfect condition,
at a depth of several hundred feet below the outcrop. It is
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About eighteen miles above Cumberland GaR, above where
Martin’s creek cuts through the Poor Valley Ridge, an expo-

sure was seen, which showed the ore, slightly tumbled and

broken, as follows:

....... 10 inches.
L e et i e AT ey A R R - h
IR oS L A s e e e i i
BRI S e L S o AR e T e s i
.......... 52 L
T RS RS S B AR RS (RN L

The position of the ore at this poinF was _such.that it is.barell};
possible there may have been a repetition in this meaz?‘\}remellt
as it lay on a hill-side in a considerably disturbed position. :
is not believed that such is the case, however, for it waT ex
amined very carefully. A sinlg}ekblock of ore was seen y-mg

ty-seven inches in thickness. .
IleX£ tlv(;,;r;rypennington’s Gap, the ore was).found sdtatr}]ldl::)g_r
nearly vertical (dip 80°) in tIhe. Poor Vall(]fy 1:1)1;1]%;1 :1(1)1f v 1:h)i/q
i s in thickness.- It is commonly s : E

,f;,geiol::d;z three feet thick, and probabl.y d(?es .relacl:gut;l?t’
thickness at many places. The ore at .thlS pom:1 1:1 1:111 .bUIeg}
.coarse in structure, being formed of large rmln? e IEiog diﬁ;li
and containing numbers of small quartz pe.bb ehq B (.m t
«cult to account for the presence of these.: m}z ere LA
commonly received theory of its formation by rep

i X:lrilsatg;eother places between the above-m]etltilorl)z;lsgo(l)r:lt:
the ore has been seen, but it was usually ox;d) blz me;sured.
«crop, not in position where its thickness cou R 4
It was seen often enough, however,to {)lrovea]though i
with great persistency all along the valley,

; in thickness. . 3
VafI?,he quantity of ore, per mile, increases l?ydm:oni/h::n;hin
each additional inch in thick.ness _Of the ore en;;dered A -
the above noticed increase in thickness 1? C(; y consiaerab]y
be seen that the estimate of the am'o.u'n_t of or

ainder, rather than over, the probablll-tles. Bt

Where the middle or hard ore is present,

i E i 11
i e, for each mile, fully
estimate an amount of it above drainage, o
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equal to,or greater than the soft ore. It should be distinctly
remembered, however, that these last estimates are mere
approximations, and are not based upon sufficient data to
render them worthy the credit due to the first estimates,
which were founded upon more detailed observation.

QUALITY OF THE ORE.

The soft ore is of excellent quality, producing about fifty
per cent. of iron, and working easily in the furnace. The
hard ore is more silicious and poorer in iron, and will prob-
ably require admixture with the soft ore, to enable it to be
smelted successfully. The quality of three samples of ore,
from the immediate vicinity of Cumberland Gap, is shown
by the following analyses by Dr. Peter and Mr. Talbutt,
from samples collected by the writer:

I 2 3

f\r[on Peraxidé Sty R S e A 73.935 77.380 47.965

s R RN N oy T i SRR IR I 5.776 3.941 2.130
LIMSCarbOnate s oot iy | it PO s i D 4.510 420 1.230
DIRPRESIR DDt A Sl T s g R S T i 4 .266 i .13
BUISPhorIC aeid i 0 bl S e S s =y ] .319 ek 1o Pt
Sulphuricaacidain sl SuL IR R SRS Sis D tr;ggs
Silica and insoluble silicates & .. .. L G e | e oo ;
Gombined whter ./ ot Sy e tu O et o TRens (ain 1;.';‘532 Ig?gg 42..16)?)3

el R SRR N N S N A + « | T100.386 | 100.520 99.784
METRIBCAPONALD o o SV sl o0 e e .
PROSPHOTUSL N & i il Oonpn 080 sy : . SI:Zig 54::23 33.2;?
SOl e | SRR APEE (e S S 3.914 3.942 3.190

: I\jo. 1 is the upper or soft ore from the valley near the Vir-
ginia road, a short distance above Cumberland Gap.
GNo. 2 is the same ore from the ridge below Cumberland

ap.

No. 3 is the middle or hard ore from the ridge near the
same place as last noted,

The above analyses show in all the samples a workable

55061‘ centage of iron. The amount of phosphorus present is
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decidedly less than is usually characteristic of the ore at
other places. As a rule in other States, this ore is decidedly
phosphatic, and produces a cold-short iron; but it proves to
be exceptionally pure in this vicinity.

For comparison, there is herewith appended the following
analysis of the hard ore of the same geological period from
Dysart's mine, Huntingdon county, Pennsylvania, by Prof.
Percifer Frazer, of the University of Pennsylvania:

SICRGE OXIEE G VIOl . v g 410 B o S e T e e e e (s 38.48
e R U e RN P 9 T S OdoF T W (R 437
RS S e e R AR G R IS VR e e e N et 37.92
B a0 L e Th i e e SRR ARl Ry Ty S i o ! e ? 36
IR f St 48 kP S TR U S (Tl et Vo T g Sk T e T SR e o wt e e 8 o
Magnesia v ¢ « ¢+ v « o 4B iy AR B B S R i G g . 54
e T S N S SE AT R o e B S D e A e RO R y .4'&
PSR RRin agied ) 5/ - bl RE R et R e T e e e PRSP :05
BT s " i a s et R e e Se ey e RIS SRR ® S S i
Loss by ignition . . . . . . . TRt (3 S G G R SRR R e R L o

o AR G Rt 3 e S R i et R e TR il L s e e n;g:g:
Metalligiron .-« . ¢ 4 o0 ¢ . ek A I G S L S R e e G e i aite

It will be seen that it is very similar in constitution to No. 3
of the analyses just before given, except that it contains a

larger proportion of alumina and phospho.rus.
There is also herewith given an analysis, by Dr. Peter and
Mr., Talbutt, of the pig iron made at the Cumberland Gap

Furnace from the soft ore of the upper bed. Itisa cold-blast

charcoal iron, of excellent quality and great strength. It is.
used for car-wheel purposes.
ANALYSIS OF COLD-BLAST, CHARCOAL PIG IRON, CUMBERLAND GAP
FURNACE.
e IR I P R 1 T S e ey 92-825
Vo S Rl yts et Dl R R E B SRR 3.2
Sehinic: carhbl.: & L G oabiv s ekt e on SRR T Rl B R ‘840
oI ned  CRTDOR ot ool i B i et o Sinle] (L 000 0T R0 8 ot - o O 1.668
Bilicon . ST AT o TS i e e S et s e S : S o “480
Slag e SaYans R s RSN S AT S e RO s 153,
Manganese . . « o » o+ ¢ e RER i gt o B e s .766
Alamiinnm ol et ele s elie S e R R e 112
Goleiots /¢ 4 v g S e AR e N
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i4 b REPORT ON THE IRON ORES IN THE

This iron is hauled to the Powell river and boated down to
market at Chattanooga at times of high water. It is manu-
factured very cheaply at the furnace; but the expense, risk,
and uncertainty of the transportation to market, greatly reduce
the profits on its manufacture, and leave only a narrow margin
at present prices for iron.

The cheapness with which iron can be manufactured at this
place will be realized when it is understood that the ore is
delivered at the furnace throat for one dollar per ton, thus
costing only two dollars to the ton of iron for the ore.

Furnaces lower down in Tennessee and in Alabama, smelt-
ing ore of this kind with coal or coke, produce iron at as low
or lower prices than in any other part of this country. It is
stated, on very competent evidence, that the Roan Iron Fur-
naces of Rockwood, Tennessee, make iron for less than
fifteen dollars per ton.

With a railroad from the central part of the State through
the mountain at Cumberland Gap, so that the Kentucky coal
can be used with this ore, this locality can produce iron as
cheaply as any other point in this highly favored valley, and
can place it in market at lower rates.

It is destined to be one of the great iron-manufacturing

regions of the country, and only awaits facilities for the trans-
portation of its product to inaugurate a wonderful develop-

ment of its resources in this direction.
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REPORT ON THE GEOLOGY OF A SECTION FROM
NEAR CAMPTON, WOLFE COUNTY, TO
THE MOUTH OF TROUBLESOME
CREEK, BREATHITT COUNTY.

The examination upon which this report is based was made
late in the fall of 1875, for the purpose of determining some-
thing of the number and character of the coals which would
be reached by a projected line of railroad, from the central
part of the State, to the coal fields of the Kentucky river in
Breathitt county. Owing to the lateness of the season, and
the lack of time, as well as to the fact that there is no map of
this region by which observations can be located with any ex-

actness, the examination was only little more than a detailed

reconnoissance. It is, therefore, highly probable, when the

region comes to be examined in detail, that corrections will
have to be made in the following report and the accompany-

ing section, though it is believed that, in their general features,

they are essentially correct.
As there are several different routes for the projected

railroad under advisement—all, however, crossing the divide
between the Red and Kentucky rivers, and subsequently the
Kentucky river itself—a section of the rocks was made along
this divide, from the head of Chimney Top Branch of Red
river to Frozen creek; thence across the Kentucky river, and
up on the south side to the mouth of Troublesome creek, which
enters from the opposite side.

With the comparative merits of the different lines from an
engineering stand-point this report does not deal. They.“{lll
all encounter more or less difficulty in surmounting the divid-

ing ridges between the streams. They all will reach substan-

tially the same coal-beds, but they differ somewhat as to th6e
201



4 GEOLOGY OF A SECTION FROM NEAR CAMPTON

distances at which they will first strike the outcrops of the
coals.

Each of the lines encounters the coals below the Conglom-
erate sandstone, long before those above the Conglomerate are-
reached. There are several of the Sub-conglomerate coals,
usually of excellent quality, but, with the exception of one,
not often of workable thickness. This coal is fully described
by Mr. A. R. Crandall, in his report on the geology of Menifee
county.

It is in quality good, but it varies from twenty-two to forty
inches in thickness, with an average of perhaps thirty. The
area underlaid by it is very large, and it is capable of produc-
ing a large amount of coal; but from its thinness and irregu-
larity, it cannot be mined so cheaply as the thicker coals above
the Conglomerate. These Sub-conglomerate coals of the Red
river, Slate, and Beaver Creek valleys, having been examined.
and described in the report of Mr. Crandall, no further men-
tion of them will be made here.

The examination for this report began at the top of the
Conglomerate, at the head of Chimney Top creek, and ex-
tended in a southeasterly direction to the mouth of Trouble-
some creek.

TOPOGRAPHY.

The country between the Red and Kentucky rivers has its
topography determined for the greater portion of its area—all
of it, at least, except that near the head of Red river—Dby the
Conglomerate sandstone.

In its western extension, from the Middle Fork of Red river
westward, the dividing ridge is narrow, high, and precipitous,
as the sandstone, in its resistance to erosion, forms bold and
massive cliffs, often extremely picturesque in outline. The
ridge grows higher and narrower to the west as the deter-
mining rock, the Conglomerate, rises in conformity with the
general rise in the rock formations of the country; while to-
the east, toward the head of Red river, as the Conglomerate

descends, and is covered by an increasing thickness of over-
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lying shales and shaly sandstones, the surface of the country
becomes more even, the hills lower, and with mniore gentle
slopes, while only that portion of the country bordering closely
on the main streams shows the cliff topography.

From the head of Middle Fork of Red river eastward, for
several miles, the dividing ridge is narrow, and the thickn.ess
of rock above the Conglomerate slight. After passing Chim-
ney Top and Lower Devil creeks, the surface of the' country
becomes more even, the hills low, not usually extending more
than one hundred and fifty or two hundred feet abo.ve the
branches of the main creek, while the slopes of the hills are
so gentle that they can be, and in many cases now are, cul-
tivated clear to the tops. It is one of the best agricultural
regions in Eastern Kentucky. In the ridge there are numer-
ous low gaps, leading from ofne stre:ﬁn tc:1 ail.qo;her, offering a

aratively easy passage for a railroad line.
cor’lrlie toI)ograph;, iI; of this character on both sxd('e]s é)f tfil’z
dividing ridge, at and near the heads of Upper Dev1Ii dw1 e
Camp, Stillwater, and Holly creeks; but along theI e aks
Kentucky rivers, as well as on the lower part of the Eret:h
just mentioned, the country is still rocky and broken by the

Conglomerate cliffs.

As we proceed southeastward
change takes place in the topog
mined by the alternated coarse an

te.
occur above the Conglomera : e
After the Conglomerate passes beneath the drainage, the

is no one member of the rock series which a}llloric?ndet;hrgz\lzlil:gs’
the topography. On the contrary, we have the 111] Z,f gL
the resultant of the different resistance to erosE;l eiru
sandstones and shales or shaly s‘,andstones. ) :cabove bt
from four hundred and fifty to six hundred )e((;n i
river, and present a much steeper slope, ex‘;cenn itgcomes 5
the same degree from top to bottom ; but \(\; s
be examined in detail, it is seen to }Je ma (}alup el
of terraces, steep, and often precipitous, W ere

from Holly creek, another
raphy, which is here det'er-
d shaly sandstones which
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shales and shaly sandstones. The coarse sandstones, from
the way they resist erosive agencies, are more often exposed
than the shaly beds, and they are seen in proportion to their
thickness. The shales and shaly sandstones are usually cov-
ered by the talus from the overlying coarse sandstones, and
good exposures are more rare.

This character of topography begins above the mouth of
Holly creek, and extends as far as the field covered by this
report. Above Jackson, in the dividing ridge between the

~river, or the short branches emptying immediately into the

river and Cane creek, a heavy sandstone, about fifty feet in
thickness, caps the hills, which there rise to a greater height
above the river than at any place before noted.

GEOLOGY.

In the description of the topography, or the surface config-
uration of the country under discussion, the character of the
geology has been roughly outlined, for it is the rock structure
which determines the contour of the surface of any region,
and no intelligible description of the topography can well be
made without reference to the determining rocks.

There are in this region only the rocks of the Carbonifer-
ous formation. West and northwest, beyond the head of
Middle Fork of Red river, are found rocks lower down in
the geological series; but, for a description of their position,
order, thickness, etc., the reader is referred to the report of
Mr. A. R. Crandall, before referred to.

As may be inferred from what has already been said, the
Conglomerate sandstone is by far the most prominent mem-
ber of the rock series of this region, and has exerted a
greater influence upon the formation of the topography than
any other. It forms the rocky wall which fences in Eastern
Kentucky from ready communication with other portions of
the State, and, with its frowning cliffs, guards its stores of
mineral wealth. It has been the most serious obstacle to the

development, both material and social, of Eastern Kentucky,
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for it has prevented that necessity of modern civilization,
quick and cheap transportation. ;

From whatever point a railroad is projected to enter East-
ern Kentucky, it must encounter the ser.iOL'ls difficulty of sur-
mounting the Conglomerate sandstone, if it would penfitrate
to the heart of the coal fields, where the best and thilckest
coals are found in such abundance that they can furnish .a;l
ample supply for generations to come—a supply upon which
can be based permanent mining enterprises. o

The Conglomerate is often found in two members, w1tll) 2
series of shales containing coal, between. The lower .mem el:
and irregular, both in occurrence and t.hlckncfss -
through this region,
is the most

is uncertain
but the upper member is pr.esent. all
although varying somewhat in thlckness.l ltcon 18 Spon
important, and is the one referred to as the 1 ﬁ%t' s,
In thickness it is here from one hundred anc y 7

In character it is a coarse, massive sands‘tone,
bbles, and usually showing prommel.n:
cross-stratification lines. The pe(ll)bles are nzzjvtaj)smt]sjntto;lf
the lower part of the sandstone, ecreaimgdreater s Of,
and as we go to the southea§t, wher'e the bl PN
i hassed below the drainage line, and the top © .
:xsjjje};( sthey disappear almost altogether; so that it be

- - b g (0] ome

hundred feet.
at places full of pe

S /hi
other coarse sandstones W : bt
The thickness of rock above. the Conglomerate a

western end of this section is small, rangm% frotmtlfeft})llet:d:r;?
hundred feet, and this' only in de}tlachzéln:l?hes te:)p he
ﬂ;e Smal: lStirsea(l)l;:e‘xiﬂi)l;ere?Ut'I?Ei; (thi)ckness increases ralpglly
%0(\;:::(;3 ihe southeast, until, between walés Cigzlp izzn:anggs

er Devil creeks, in the neighborhood of al(xilid a,nd ero
}f)rom one hundred and twenty-five to one hundr

ty-five feet.. ;

In the dividing ridge
creeks this thickness increase
but along the lower portion O

at the heads of Holly and Stillwater

to two hundred feet and more;
lly less.
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8 GEOLOGY OF A SECTION FROM NEAR CAMPTON

Above Holly creek the hills rise rapidly to twice their former-
elevation above the Conglomerate, in consequence of a change

in the character of the prevalent rock from shaly to coarse
sandstone. At the western end of the section, from the head:
of the Middle Fork of Red river to Swift’s Camp creek, the:
rocks above the Conglomerate are almost entirely shales or-
shaly sandstones, wherever seen.

In passing above Swift's Camp creek thicker and coarser-
sandstones begin to be seen, which increase in frequency until:
they form the ‘greater portion of the rocks.

The Conglomerate passes beneath the drainage near the-
mouth of Frozen creek. From this point to the mouth of
Troublesome creek, coarse, massive sandstones, ranging from
ten to fifty feet in thickness, are the most prominent features.
in the section. These sandstones are frequently exposed in
cliffs on the hillsides; but, with few exceptions, they do not.
hold their character and position over large areas, as they
frequently give place to shaly sandstones and others, which
before had been shaly, become coarse and massive.

Of bituminous and clay shales, there is not in this region.
any great thickness. Occasional outcrops are found, but, in.
comparison with the great mass of shaly and coarse sand-
stones, they are rare; nor do they hold any great extent in
area; on the contrary, they seem to be quite local, and when.
the attempt is made to trace them for any distance, they
are usually found becoming more and more sandy, until they
change insensibly to shaly sandstone.

After passing the Sub-carboniferous limestone, which lies
below the Conglomerate, there is no pure limestone of any.
thickness found in this region.  Numerous bands of dark
very silicious limestone or calcareous sandstone are found:
but they are usually thin; not in any case more than four feet
in thickness. In many places they do not form regular strata,
F)ut occur in large lenticular or kidney-shaped masses, lying
in sandstone or shale. These kidneys are usually more sili-
cious than the beds or strata of impure limestone. In places,

s;)6me of these bands of limestone become fossiliferous, but.
g ’
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these cases are exceptional. So far as seen, they do not-
occur at regular, well-marked intervals, nor do they have any
great horizonal range.

The limestones, so pure in quality and so persistent in.
position, which often serve as guides in the identification of
coal seams near the Ohio river, seem to be entirely wanting
here, and we have in their places these numerous, erratic, and-
untrustworthy bands of impure limestone, which are of almost
no value whatever for use in geological identification.

The absence of these limestones, and the frequency with.
which the sandstones and shales change character, render the
construction of an accurate section, and the identification of
coal seams across any great interval, a matter of considerable
difficulty. The absence of limestone and fine shales, as well:
as the character of the prevailing rock, which is a coarse me-
chanical sediment for the most part, indicates the prevalence
throughout this region, during its deposition, of shallow waters

much disturbed by currents, accompanied by frequent changes.

of level. There was no subsidence deep enough or long
enough continued to allow the formation of pure limestones,

nor were the waters quiet and land-locked lagoons, in which.

the fine mud could settle undisturbed, to be afterwards com-
pacted into shale beds. . '

It is worthy of notice, that the Sub-carboniferous limestone,
which in Ohio is thin and frequently wanting altogether,
thickens from the Ohio river to the southwestward, while
the limestones of the coal measures, several of which are
found in Ohio, disappear soon after crossing into Kentucky.

SECTION.
Accompanying this report will be found a horizontal section
showing the principal features of the geology,from the dividing
ridge west of Campton to the Kentucky river,at the mouth of

Troublesome creek. This section is by no means complete,
and it is not offered as such. On the contrary, as already

stated, it will probably be found to need considerable correc-

i mined in detail ; and it:
tion when the country comes to be exa ' g%
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ds not at all impossible that, especially in the southeastern end
-of the section, some of the connections between the coals
may be found to be incorrect. It is believed, however, that
the greater portion of the section is correct. The measure-
ments for ‘elevation were made with an aneroid barometer,
without any correction from a check barometer, at a time
-of the year when atmospheric variations are often sudden and
_great, so that there is a liability to error from this cause.
On the other hand, the measurements for level were usually
made with the Kentucky river as a base, the level of this
being known from actual survey, and the variations were
-checked as often as possible by returning to the river. The
measurements for distance will probably need some correc-
tion, as they were not obtained from the most reliable sources,
the existing maps of this region being very imperfect. The
section is given as the best that could be accomplished with
the time and means at command, and it serves very well to
show the principal features of the geology of this region.

It will be seen that there is a total thickness of seven hund-
red and fifty feet of strata above the top of the Conglomerate
“included in the accompanying section. This, with the three
hundred and twenty-five feet of Conglomerate and Sub-con-
glomerate beds, makes a total thickness of one thousand and
-seventy-five feet of Carboniferous rocks above the Sub-car-
boniferous limestone, from the river at the mouth of Trouble-
"some creek to the edge of the coal measures.

COAL.

The coals of this region are numerous and of excellent qual-
“ity, and, taken as a whole, will bear comparison with those found
in any other portion of the State in quality or thickness. They
are all classed as bituminous coals ; but they show all the vari-
eties of this class, known as dry-burning, caking, and cannel
~coals. The principal coals are of the dry or free-burning va-
riety, while the caking or fat coals are comparatively rare.
“Cannel coals are abundant and of excellent quality; certain of

tl;;:m having a reputation second to none in the State.
2

TO THE MOUTII OF TROUBLESOME CREEK. 1L

As yet, this region is almost entirely undeveloped, so that it
is difficult or impossible, without the most detailed and careful
study, to obtain a complete section, showing the thickness and:
position of all of the coal seams—a study which has, as yet,
not been given to it. There are numerous mines along the
Kentucky river, where coal has been mined for shipment in
boats down the river; but none of them are extensive, and
the majority are now abandoned and have fallen in.

The practice is to open a drift from which a few boat-loads.
of coal are taken, when, as soon as it is far enough under-
ground to render it a matter of some labor to get the coal
to the mouth of the drift, it is abandoned, and another one

opened. The so-called mines are, therefore, but a series.

of shallow pits. : :
Of late years, owing to the low price of coal in the lower

markets, coal mining has not been as profitable as formerly,
and but little is now mined in this region, except of the finer
grades of cannel coal, which bring a higher price, and can,
therefore, yet be mined and transported at a pr?ﬁt. :

The cause of this stagnation in the mining industry is the
excessive cost of transportation; due entirely to the uncer-
tainty and danger of the river navigation. C'oal-b<.)ats draw-
ing five feet of water can only be run during high water,
which can be expected but for a very small part of the year.
This, therefore, necessitates the storage of .large quantities.
of coal, often for months after it is mined, whl!e waiting for a
rise in the river sufficient to carry it off. This storage is of
ment to the coal, as it is injured by exposure to the
In addition to the injury and loss by exposure, an
d through the loss of capital lying idle for

great detri
weather.
extra cost is involve
so long a time.

‘The boats used to carry t
be returned, and they are, t

loss. The river is so difficu
men are required to manage each

he coal down the river can never
herefore, usually sold at a great
It of navigation, that from three
boat, or one marmn

to five
to about each thousand bushels of coal; the boatls u::hally
holding from three to five thousand bushels of coal e .269’
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In addition to these necessary and inevitable expenses, there
iis great risk involved in the navigation of the river, a large
'proportion of the boats never reaching their destination.

These combined causes make the cost of coal, at the mar-
‘kets along the lower river, so great, that Pennsylvania coal is
brought down the Ohio river, up the Kentucky, and sold at a
less price in Frankfort than the coal from this region. Thus,
the work which has been done by the State in improving the
navigation of the Kentucky river, for a part of its course only,
actually operates against the interests of Kentucky coal miners,
iinstead of furthering them, for it enables Pennsylvania coal to
compete with them in their own markets, without assisting
‘them in any degree. Were Kentucky river slack-watered to
the mines, so that coal could be shipped at nearly all seasons
rof the year, and the empty barges returned cheaply, this
region could supply coal to the whole of that part of the
State bordering the river, at prices which would drive all
Aoreign coal from the market; and it could even do a large
business on the Ohio river in the fine cannel coals in which it
-abounds.

Until improved means of transportation are furnished this
region, either by slack-water or railroad, there can be no
‘extensive and regularly conducted mining enterprises. The
fine-grade cannel coals will prébably continue to be mined
in a precarious and haphazard way, as they commonly bring
-a price sufficient to pay a small “profit over the risk and

“expense of transportation; but, with this exception, the great

'body of coal will remain untouched.
The lowest coal mines on the Kentucky river are near the
mouth of the South Fork, at Beattyville and Proctor, where

one of the Sub-conglomerate coals of excellent quality is

mined. There are few mines above this for about twenty-five

‘to thirty miles along the river, until near the mouth of Holly
‘creek. Between these places the river runs through . the
‘marrows,” a gorge or cafion which it has cut through the
"Conglomerate. For most of this distance the Sub-conglom-

‘erate coals are beneath the level of the river, while the hills
“ 270
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«do not rise sufficiently high over the Conglomerate, until
some distance back from the river, to hold the coals which

have been mined further up.
Above Holly creek, banks have been opened every few

'miles, until the last are reached about five miles above Haz-
-ard, in Perry county. Most of these, as already stated, are
-abandoned, and have fallen in, so that exposures of the coal

that can be measured are rare. Back from the river, openings

-or exposures of the coals are very few, as there has been no

inducement to mine coal while wood is still the most common
household fuel in use. In studying the geology of this coun-
try, therefore, reliance has to be placed mainly on natural

-exposures or outcrops of coal; so that it is a matter of con-
siderable difficulty to obtain a complete section, showing the
position of all the coals.

In the accompanying section the position of the coals shown
is well ascertained; but, from the reasons just given, the
thickness has not been accurately determined in every case.

The change in the general character of the rocks from that
of the region nearer the Ohio river, which has been referred
to before, is accompanied, to a certain extent, with a change
in the coals; but the region has not yet been examined over
a sufficiently large area to enable a generalization as to the
number and equivalency of the coal seams. The section
bears in its lower part a resemblance to that of the country
near the Ohio river; but, after the first two hundred and
fifty feet above the Conglomerate is passed, the resemblance
is not so great. There seem to be, here, greater changes be-
tween coals, within short distances, than are common farther
north. :

In the section accompanying this report are shown eight
coal seams above the Conglomerate. From the detailed
vertical sections given in the horizontal section, the evidence
upon which this identification is based can.be seen. The
.dotted lines connecting the coals in the section indicate the

jprobable connection between them; but it must be distinctly
271
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understood that this is not positively asserted. It is only the
connection which seems the most probable, with our present
knowledge.

The first coal of the section, the equivalent of coal No. 1
of the Greenup County section, and of Ohio Geological Re-
ports, occurs from twenty to fifty feet above the top of the
Conglomerate. It is first opened near Campton, on Swift's
Camp creek, and also on Bear Pen Branch of Upper Devil
creek. Its position, here, is about twenty-five feet above the
top of the Conglomerate. Its thickness is from twenty-four to
thirty inches. It is a fat or caking coal, of very good quality,
especially the lower portion of it. In this respect it differs
from the No. 1 coal further north, which is there a typical
dry-burning or furnace coal. It is the famous Jackson and
Briar Hill coal, with which over half of the iron made in
Ohio is smelted. The per centage of sulphur present varies
considerably, but is usually low. It is seen at a number of
places along the river, holding an average thickness of thirty
inches. Below the mouth of Frozen creek, near Mr. Nathan
Day'’s, is an old mine, now fallen in, where the coal is said to
be thirty-six inches thick in some of the rooms. Below the
mouth of Holly creek, on the Holland place, is an exposure
where it measured thirty-four inches; but this includes a shale
parting of several inches in thickness. On Frozen creek it is
seen at a number of places near the mouth, usually about
twenty-eight inches thick; but above this stream it has not
been seen by the writer. A coal, which is probably this one,
is reported on the old Cockrill farm. It probably goes under
the river not far above. This coal is an excellent blacksmith
fuel, and would doubtless make a firm, hard coke. Coal of
this quality is rare in this part of the State, as the majority
of the coals are of the soft, free-burning, non-coking charac-
ter; and although this is thin, it will doubtless eventually be-
come valuable. :

The following analyses by Dr. Peter and Mr. Talbutt, show

something of t’he character of this coal in this region:
272

TO THE MOUTH OF TROUBLESOME CREEK. 15
I 2

S e S R SR S el SN E SR S S ek SR A foue 8 374 2.50
Volatile combustible matter. . . « « o « o ¢ s o o = o« o o o 3852 41.10
LS Tl PR S e SR T A R D YR S SR L DR ST 52.64 49.22
A e S R I A R Y B o N SO SRR AT R 8.10 7.18
AT by R G S U S R P TR YPL N AL T O R S L 100,00 100.00
e R AR R T R Rt SR € (S RO 60.74 56.40
BRI e, R ol v e R el e T RN R G 0 2.466 0.818
BEEEAc mravity ({50 ¥ b s o0 G e et e bl B Telia a2 s 1.336 1.300

No. 1 is an average sample by Mr. A. R. Crandall, from
C. M. Hanks' bank, at Campton, Wolfe county.

No. 2 is an average sample, by the writer, _of coal from
an opening above Wm. Day’s, on Frozen creek, Breathitt

county.
COAL NO. 2.

About seventy-five feet above the coal just described, has

been found at a few places, another coal seam, which is prob-

ably the equivalent of coal No. 2 of the Greenup section.
en more than

Like that, it is usually thin, not having been se
twenty inches thick. At other places it is less, not more than

It is not mined at any place, and, consequently,

twelve inches. \
It is best shown on

no samples were procured for analysis.
the branches of Swift’s Camp creek, above Campton.

COAL NO. 3.

1 one hundred and forty to one
Conglomerate is found a
ems to be the

At a distance ranging fron
hundred and ninety feet above the Cong
coal, which, from its character and position, se
equivalent of coal No. 3 of the Greenup section. A

It is better known than any other coal of this region, or the
reason that it has been most extensively worked. The mines

on the Kentucky river, from Holly to Quicksand cx:eell<, a;le alIl
in this coal, with the single exception of the entry in the o.
coal already noted. On this account, also, better opportunities

for sampling the coal are given. i
coAL 1.—I8
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tions of level, probably not of any great extent, but sufficient
to chc?c'k the growth of the coal vegetation, and to allow the
deposition of layers of mud, which became afterwards har-
dened into the clay shale partings. :

: Th'ese.frequent old openings in this coal, along the river,
identify it beyond doubt, and also show the rate of dip :
: In character, it is usually a distinctly laminated and dry-blllrn—
ing coal, with considerable fibrous coal or mineral charcoal
between the laminz. At places portions of it are bituminous
enough to coke, but this is not its general character.

The amount of sulphur present varies considerably, but is
usually .low', as is also the ash, while the per centage <;f fixed
carbon is high. These three qualifications render the coal an
excellen.t fuel for general purposes, and when considered in
f:onnectlop with its dry-burning, non-caking character, rende
it extremely probable that the coal would make a su,c fli
furnace fuel for the manufacture of iron. ik

The following anal
agh yses, by Dr. Peter and Mr. Talbutt
the composition of this coal at several places : albutt, show

I 2 8 4
Moisture . :
Volatile combustible n;at.t ........ o4 e 1 5
} o iy o BBl AVEE, R 35.20 33.56 35.30 G-go
R S A S et 56.70 58.38 55.50 56.50
A e S 4.60 4.50 4.30 4:06
LT N R
....... 100.00 100.00 100.00 100.00
Coke, i reis et
Be o s e Ol 61.30 62.88 59.80 60.56
Specificgritvity .2 5 LD Saet :.;89 4o Fas x é6$
....... .204 1.297 1.290 1.2
<290

No. 1 is from the Hobbs’ bank, at the
crflz\?k. Average sample by the writer
0. 2 is from Wm. Spencer’s mine .
on Kent i
Jaclz\lrcson. ; Average sample by the writer. Sl
0. 3 is from the Holland mine, below the mouth of Holly

creek. Sample taken by the writer from a large pile of coal

hi ¢
:\;6 ich had lain exposed to the weather for

head of Upper Devil

about one year.
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No. 4 is from the South mine, on Wolf creek. Average
sample by Mr. J. R. Procter and the writer, from a large pile
which had also been exposed to the weather for about a year.
As already stated, this coal is not positively identified as the
same as the others, but for convenience it is given with them.
It will be noted that its chemical composition closely resembles

the others.

Above coal No. 3 the remaining coals of the section are
not so well known, either as to position or character, for the
reason that they have not been:so extensively mined, and
outcrops are comparatively rare. With our present knowl-
edge, the coals above No. 3 seem to be more irregular and
uncertain than that one; although it is possible, when they
are better known, and a more complete series of sections ob-
tained, that they will be found to be more uniform than is now
.supposed. For this reason, the attempt will not be madfe to
number and classify them at present. They will be described
in their approximate order. .

The first workable cannel coals near the line of this section

are found above coal No. 3. Such coals occur, at various

levels, all through this region; but the lower ones are usually

thin.

On the Kentucky river, at a distance varying from thirty to

fifty feet above coal No. 3, is found another coal, usually about
two feet thick. It is a rather fat, bituminous. coal, of ver.y
good quality ; but it has not been worked. Itis seen of this
thickness at the Spencer and Cardwell banks, below Jackson.

Still further down the river, it is reported to bfe more than
three feet thick, but it was not seen by the writer. Above

Jackson this coal is thinner. ; : %
At many localities the proper Jevel for this coal is occul?e
by a shale or sandstone, while at about seventy to eighty eet;
above Coal No. 3 we find a cannel coal. ThlS‘ is the canne
coal which is seen in the river hill about one m.lle below Wm.
It is not well exposed here, but it seems to be
obably also the cannel coal seen at G. W. John-

f Nichols Fork of Frozen creek. It is
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Spencer’s.
thin. It is pr
son’s, near the head o
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here seen in outcrop along the hillsides at many places, but
has not yet been opened so as to show its full thickness.
Blocks of coal nearly two feet in thickness were seen tumbled
out on the hillside; but beyond this there was nothing to de-
termine its thickness.

The frequency of outcrop of this coal in this neighborhood
shows it to be quite a persistent seam, and it is to be hoped
that, when it is opened, it will be found of workable thickness.
Two varieties of cannel coal are seen here, both probably
from the same bed or seam. One is hard, of very uniform,
rather coarse-grained structure, showing perfect conchoidal
fracture, and abounding in brilliantly polished surfaces or
slickensides, which have probably been caused by faults or
slips in the hill squeezing and pressing the coal upon itself,
This coal contains a considerable proportion of earthy matter,
as will be seen by the analysis further along; and to this cause
may possibly be due the readiness with which it assumes a
polish.

Fortunately, this variety of the coal seems to be much less.
abundant than that other, which shows a partly laminated
structure, irregular fracture, is of a less homogeneous nature,
and not nearly so handsome ; but which proves, on analysis, to be
one of the best cannel coals of this whole region. It is some-
times called the ““curly cannel,” owing to its peculiar struc-
ture.

The cannel coal which is found at John Murphy’s, on Still-
water creek, is probably the equivalent of this seam.

The cannel coal which is mined on Quicksand creek, about
one mile above its mouth, is probably also the same. This
coal shows a total thickness of twenty-five to twenty-six
inches, of which the upper eight inches is bituminous, leaving
only a thickness of seventeen to eighteen inches of pure can-
nel. It has an excellent reputation in the lower markets, and
commands a high price; so that, in spite of its being so thin,
it is mined at a profit. The analysis of this coal is given fur-
ther along in this report.

278

TO THE MOUTH OF TROUBLESOME CREEK. 21

On George’s branch, which empties into the Kentucky river
several miles above the mouth of Troublesome creek, a cannel
coal of excellent quality is mined, which, if th'e supposition as
to the equivalency of the Wolf Creek coal with the No. 3 be
correct, is the same coal as that just described on Quicksand
creek. This coal shows a total thickness of thirty-f(?ur to
thirty-six inches, of which twenty-two to t\‘aventy-four' inches
is cannel coal, the remainder bituminous. Like the Quicksand
Creek coal, this has an excellent reputation in market, and
brings the highest price. It is much sought after by con-
sumers, for household fuel. . i ;

The position of this coal at the various localities corresponds
very well with that of coal No. 4 of the Greenup County sec-
tloz.t a distance ranging from sixty to eigh?y feet above the
last described coal another has been seen in 1mperfectlout<frop
at a number of places, but it i§ not mined at. allyIPhacet,aisl?
that very little is known of its t}.uckness or quality. * e shor;
or the weathered outcrop of it, is frequ?ntly seen. ; n:a sogite
branch emptying into the Kentucky river fr(?m t le. opgshed
side, above the mouth of QuicksandIc.riekéstshljfc;);rtl)s/ \;\;Ches

stream, and shows a thickn : ‘
II)::: abi,)rgzit, glistening, caking goa‘l, of very good quality, as
(R e ose fon {cl}mltzjlfljpoo:ltl}rlz river above

the Haddock mines, on the
Tr}c?ttlblesome creek, this coal h.ashbee}clhif(cz)llmd;;eaoiiz::; cv?/:i,
i orted to be twenty inches : :

iz(ti sﬁfgfignt, when seen by the writer, to pfrove alllyctcl)l;rlmitatsht:z
its thickness ; but it showed the existence ol canne

point. hundred and twenty-five
n to one hui
From one hundred and te R P

feet above this last coal, a’;a ht?hg:tk\e\;]m(:ky o i
feet above LA
two hundred and fifty : i It is commonly
1 of this region.
1ost valuable cannel coa Dl 5 the
I{he nn as the Haddock coal, as it 1s mined most largely
now :

hi
Haddock mines, at the mouth of Troublesome creek. This

1n
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quality it is equal to any. It does not contain as much vola-
tile combustible matter as some of the other cannel coals, and
will not make_quite so brilliant a fire, but it contains less ash
than the most of the others. It is mined, for this region,
in considerable quantities at the Haddock and Sewell mines,
near the mouth of Troublesome creck. Here it usually
shows a thickness of thirty-four inches of cannel coal, with
ten to twelve inches of bituminous coal above. In one of the
drifts of the Sewell mines there was seen thirty-six inches of
cannel coal, with ten inches of bituminous above; and the
miners report that, in some rooms, the cannel coal reaches a
thickness of forty-eight inches. The miners “bear in” on
the soft bituminous coal above, and then wedge up the can-
nel coal in large blocks.

This coal is also found on the same side of the river two
or three miles below, on land belonging to Wm. Spencer. It
has never been mined here, but it shows at an outcrop, im-
perfectly seen, thirty-four inches thick, and it is reported to
be three inches thicker when the whole thickness is exposed.
Of this, all but the upper four or five inches is cannel coal.
Below this point this coal has not been mined or even opened
S0 as to show its thickness, at any point known to the writer;
but it has been found as a stain at some places. It is said to
be opened on the east bank of the river a short distance be-
low the mouth of Troublesome creek, but the place has not
yet been visited by any member of the Survey. Whether
the coal extends down the river, holding its thickness for any
distance, is unknown; but from the well-known uncertain
character of cannel coal, it is at least doubtful. However,
it has been found at enough places, widely separated from
each other, to prove that it underiies a large area, sufficiently
large to be able to supply all the demands of an extensive
mining industry for a long time to come.

In the hill at the Haddock mines, at a distance of one hund-
red and ten feet above the main cannel coal, a coal has been
found, which is reported to be a semi-cannel coal, four feet in

thickness; but it had caved in at the time of examination by
280
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H “ H L
the writer, so that nothing could be seen of it. The “stain

or “sign” of this coal was found at other places, enough to

show that it holds its position with considerable. persistence.

Fifty feet above this coal is found another, which has been
mined on the opposite side of the river from t}}e Hadc‘lock
mines, by Mr. J. Wells. It here shows the following section :

...... 11 inches.
B e e e N Y J 1ot
e R RN A A R e S WAL
RBREES G & o o e e R ek e e e e od (% egs Lt taR s St Yk
3T G g b R SRR SN S SRS B s S R B et

R s s B R e e e b R R B 58 e S e Y S e
A total thickness of three feet three ilif:hes coal, exc':luding
shale parting. It is a dry-burning, bituminous coal, qult;: frf;le
from sulphur, but carrying a rather. large per centage od a;\?[ .
as shown by the following analysis, by Dr. Peter an ri
Talbutt, of an average sample taken by the writer. I helcoa'l
sampled from was near the outcrop, and hence the ana.ty.sns
may possibly show more ash than properly belongs to it:

....... 2.78

I\‘Ioisture...:.............::.. ........... g
ROl combastible mattey o . s i ety Jiad e EUAL SR LTS 2 44'24
TR CRIBON DT 7 % 1 o e ie e iie S5 SR L TR iy .98
550 (AR T T N g LR Ry BV 800 o 30T
o e 100.00 -

O] s Ton b e s b St e oo e i e e dlont e, 1e 9

........ 61.70

................ A

COke ........................ . )
e R S L N R ORI R R RS Co B e

Specific gravity. . . o oo o s o o -

which

This is the highest coal geologically in thlls Ir(;ecgallci)t?e:fa e
anvthing is definitely known. At severa el s
e bfound immediately below the massive, he .y R
St;:}nhlscaps the hills back from the fiver, but nothing is kno
whic .

as to its character or thickness.

UNDETERMINED COALS.

i i as so largely of
inati of this region w
o iR res of coal were

side of the line

As the exam : it

the nature of a reconnoissance, many exp 5
i e to ot

1 at some distanc :

i s not

eological equivalency of which was ’

f time for detailed examination.

seen—especially whet
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The coals on Wolf creek and George’s branch should really
be classed here, as they are by no means certainly identified.

On main Frozen creek, above the house of Mr. Green
Tolby, a coal is found about one hundred and seventy-five
feet above the bed of the creek, in natural outcrop below a

sandstone cliff, showing a thickness of three feet nine inches.

clear coal, without any perceptible parting.
On Stillwater and Gilmore creeks, in Wolfe county, cannel

coal is found at a number of places, but its equivalency has.

not yet been determined. At Mr. James F. Ely’s, a cannel
coal has been opened; but the drift has now fallen in, so that
it is partly covered. This is asserted to be three and one
half feet in thickness. A thickness of two and one half feet
was seen by the writer at an exposure which evidently did
not show the whole thickness of the bed. The exposure was
such that an average sample for analysis could not be ob-
tained. A hand specimen was, however, subjected to analysis,.
with the result of showing an excessive per centage of ash.
The per centage is so large that it seems possible the speci-
men selected may have been worse than the average of the
coal, although not intentionally selected as such. The gen-
eral appearance of the coal does not indicate so large a per
centayc of ash; and it is but justice that this analysis should
not Ce allowed to go unexplained, to the injury of the
coal, before an average sample can be selected and analyzed.

On Stillwater creek, at Mr. John W. Faulkner’s, a cannel
coal is found, which is commonly reported to be three feet
thick. Only about ten inches of the upper part of the bed
were seen at time of visit, the rest being covered by mud
and water. From this also a hand specimen was taken for
analysis, which showed a large per centage of ash, not quite
so large as in the last case, however. The same caution
should be held in regard to this coal as the last; but against
it is the fact that it has the reputation, among those who have
burned it, of carrying much ash. At John Murphy’s, on
Stillwater creek, a cannel coal is found outcropping with con-

siderable regularity in the hills back of his house. It has
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never been dug into or opened, and nothing is known as to
its thickness. It is the coal before referred to as probably
the first coal above No. 3.

On Troublesome creek, about fifteen miles from its mouth,
below the mouth of Buckhorn creek, on the Roberts farm, is a.
coal which shows the following section:

IR SAEOM] e S 0 R SO T Dl S SR S el sts et o i e Y & x4 lo;:
Sl R Y i S e e et A O A e St TN S B ESR Pl
s T AR T R e R B L R e P R e < I 5”
SO T TR R ER TS B R R i St S S I e R SRS RY 3 lg”
S T AR R R P ol LR O, o W PR B ¢ S R RN AT SR SN

A total thickness of five feet one inch coal.

There has been considerable excitement in regard to this.
coal, and very exaggerated reports were in circulation con-
cerning it. The thickness of the whole bed was commonly
stated as being cannel coal, when in reality not more than
one third of it is of that kind. It is, however, a valuab.le
seam of coal, as it can be mined very cheaply, owing to its
thickness. The quality of the different members of this coal.
is shown by the following analyses, by Dr. Peter and Mr.
Talbutt, from average samples taken by myself:

I 2 3

) L T T e b s i Wl 3 R 1 SR S R R Ol 3;:,.22 3;:22 43:13
Volatile combustible matter . « . +« « « « « « « « -« b 4 i 43:42
Biked CRrhBIRL s Sl e e R R 8 el S e 49.7 4 9
A”;f ...... 15.50 7.4 .24

B e SRR S W e @ e e

Total : 100.00 100 00 100.00

Otal & A TSR G W LAt ales i @y et i AT Ce
....... 65.26 58.60 53.20

e i S L | g | e
Spelciﬁc .gravity ................. 1.405 .

No. 1 is the upper seam—bituminous.
No. 2 is the middle seam—Dbituminous.

i el es iy
No. 3 is the bottom seam—cannel ; :
There is a salt well on the Kentucky river, opposite the

mouth of Troublesome creek, which is reported to have-

passed through four coals in sinking to its present depth of

oals by boring
four hundred and ten feet. Measurements of ¢ y g
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are always liable to error, especially if, as in this case, the
boring was not made for the especial purpose of finding coal,
but to obtain salt water, as the borings are very apt to be-
come mixed by the drill. It is also difficult to tell the exact
line of passage from one stratum of rock to another. The
well was sunk in 1846 by Col. L. C. Bohannan. The records
of the well have, unfortunately, been lost; but, from memory,
Col. Bohannan states the position and thickness of the coals
passed through approximately, as follows: '

First, about ten feet below the surface a coal, reported two
feet six inches thick.

Second, from forty to fifty feet below the surface another
coal, reported three feet thick.

Third, about two hundred feet from the surface a coal, said
to be about four feet thick.

Fourth, after passing through a very thick, coarse sand-
stone, a coal was reached at a depth of three hundred and
eighty to three hundred and ninety feet from the surface,
which is said to be of the unusual thickness of ten feet.

This is probably one of the Sub-conglomerate coals, which
at other places is associated with a great thickness of bitu-
minous shale, often mistaken for coal. This is peculiarly
liable to be the case when nothing but the finely comminuted
fragments of the material from the well can be had for exam-
ination. It is hardly probable that the Sub-conglomerate
coal, from what we know of it at other places, would thicken
so remarkably in this direction. The heavy sandstone re-
ported as having been passed through before reaching the
last coal, is very probably the Conglomerate.

The boring is, therefore, interesting, as showing the salt-
bearing rock to be either the Conglomerate or the shales
below. Nothing definite could be learned as to the amount
of brine yielded by this well, or its strength. The prevalent
impression in regard to its strength is, that it requires eighty
gallons of brine to produce one bushel of salt.

At Mr. Marcum’s, above the Haddock mines, two coals

have been mined near the river, one of them about seventy-
-284

TO THE MOUTH OF TROUBLESOME CREEK, 27

five feet above the river, and the other about twenty. The
upper coal is three feet thick, and is reported to be one of the
very best coals mined on the river. The lower was not seen,
as it was covered at the time of visit. There is another coal
two feet thick above it, separated by about seven feet of
space. The upper coal was seen.

At Mr. Mclntosh’s, about two miles above, a coal about
forty feet above the river has been considerably mined, but
has now fallen in. This coal was not seen, but was reported
to be four feet four inches thick by the former owner.

In addition to the above, numerous exposures of coals too
thin for working have been seen, ranging from a few inches
in thickness up to two feet. The positions of some of these
are known to be in the regular series of the coals, while
others seem to be erratic and intercalated seams of no great

horizontal range.

QUALITY OF THE CANNEL COALS.

The cannel coals of this region are, for the present, and
probably will be for some time to come, more valuable than
any other. They will always command a higher price per
ton than other coals, on account of their excellent qualities as
household fuels and for steam-making. They are also valua-
ble for the manufacture of gas; but their use is limited in this
respect, owing to the poor quality of the coke .resu]tmg af‘ter
the volatile portions of the coal have been driven oft. The
greater thickness and regularity of some of-the other coals
may eventually, when facilities for transportation become ade-
quate, render them the most valuable, as they can be more
cheaply mined than the cannel coals; but tlle. latter, when ?f
good quality and reasonably free from ash, will always be in
demand. a0 £

As has been already indicated in the descriptions of indi-

vidual seams, these cannel coals vary greatly in qua'lllty as
well as thickness, and the same seam often changes thickness

and quality very suddenly. =
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The following analyses, by Dr. Peter and Mr. Talbutt, will
'serve to show very fairly the different qualities of these coals:

x 2 3 4 s 6 7

B N A el e R 2.90 0.94 2.10 1.60 1.20 1.16 1.30
Volatile combustible matter . . . . 47.00 52.38 43.10 43.20 58.80 44.58 41.40
S NeRt] CEIUOR. . v o s e e e 44.40 35.54 43.36 33.80 35.30 32.76 28.20
BRI o S SRR T L b SR s e Thinig 7.30 I1.14 11.44 2I.40 4.70 21.50 29.10
Wotal 5 vy otie B S sietal s m % 100.00 100.00 100,00 100.00 100.00 100.00 100,00

b+ WS (UM o G S e 51.70 46.68 54.80 55.20 40.00 54.26 57.g<:
SIpBUry IS A R A 1.574 1.423 6.11 2. 540 [ 0% B 0.530 0.846
Specific gravity .. (o s b & e b 1.265 1.280 1.32 1.360 1.180 1.383 1.434

No. 1 is an average sample from the Haddock mine. Sam-
‘pled from the seam in the mine.

No. 2 from George's branch. Average sample from the
'stock pile at mouth of pit.

No. 3 from the Quicksand Creek mines. Average sample
from the stock pile of coal at the mouth of the pit, taken by
Mr. J. R. Procter.

No. 4 is from Frozen creek, near G. W. Johnson’s. Sam-
'ple averaged from a small pile of coal, not more than one or
'two tons. This is the coal which shows the brilliantly polished
faces.

No. 5 from near the same locality. Analysis from a single
'specimen only. This specimen was not originally selected for
analysis, and may, therefore, possibly represent the coal at
this place as better than the average.

No. 6 from John W. Faulkner’s, Stillwater creek. Analysis
from single specimen.

No. 7 from James F. Ely’s, Gilmore creek. Analysis from
single specimen.

It will be noted that the last three analyses from single
specimens show a very small per centage of sulphur, proba-
bly considerably less than the average of the coal would show
if representative samples were selected. This is liable to be
the case when single specimens are used for analysis, as it is
very difficult to obtain one which is exactly representative in

‘every respect.
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five coals range in thickness from two and one half to six feet.
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With the exception of Nos. 4, 6, and 7, of which No. 4 is
the only average sample, and consequently the only one which
should be regarded as good evidence of the quality of the
coal, the above analyses show coals of excellent quality, which
will compare favorably with the best cannel coals of other
localities. ,

For the purpose of such comparison, the following table of
analyses of cannel coals is appended :

1 2 3 4

LT S TR R L SR g el I.30 A AR ey T RS e
‘Volatile combustible matter . . . . , . . 59.60 52.20 43.37 50.18
LT3 S vy S SR R G 27.00 40.60 46.50 46.42
DIy LT SN LI e e 12.10 5.70 10.10 3.40

RO Mo (s et o S g A g g e 100.00 10000 1 0S¥y 100,00
RS T s (s ro i e e R 39.10 400307 Bln R St S
T RN R R A L W 1.896 o 0 1o T IS R oy SR e
SBOECIHC Praviry L 7o Ve S R 1.213 1.306 S MR R

No. 1 is the well-known Breckinridge cannel coal, Breckin-
ridge county, Kentucky. Analysis by Dr. Peter and Mr. Tal-
butt. Average sample by Mr. C. J. Norwood.

No. 2 the Hunnewell cannel coal, Greenup county, Ken-
‘tucky. Analysis by Dr. Peter and Mr. Talbutt.

No. 3 Kanawha cannel coal, below falls of Kanawha Falls,
West Virginia. Analysis by U. R. Johnson; copied from his

‘work on coals.
No. 4 the celebrated Wigan cannel coal, from Lancashire,

England. Analysis by Heddle.
CONCLUSIONS.
A brief summary of the principal points of economical im-
portance in the foregoing report may not be out of place

here.
Of the eight coals above the Conglomerate shown in the

-accompanying section, five are of workable thickness, consid-

ering a coal of two and one half feet as workable. These
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Of the three remaining coals: of one nothing is yet known
as to its thickness or quality; one is probably too thin to pay
for working; while a third has been mined, although only a
little over two feet thick. It is reported considerably thicker
at other places, and very probably is so; but it cannot be
stated positively as such, as it has not been seen by the
writer.

Three of these coals are at places cannel coal, two of them
workable, both ordinarily of excellent quality. In addition to
the coals above the Conglomerate, there is at least one work-
able coal below, which is of excellent quality and covers a

large area.
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REPORT ON THE CHINN’S BRANCH CANNEL
COAL DISTRICT.

The Chinn’s Branch and Indian Run Cannel Coal Region is
one of a number of areas in Eastern Kentucky in which is
found a cannel coal of workable thickness. As these cannel
beds are not continuous over large areas, like the beds of
«common bituminous coal, it seems desirable to consider some-
what in detail those areas in which cannel coal is prominent,
to call attention to them as suitable fields for business enter-
prise, and to furnish a ready means of comparison of the can-
nel coal regions when the work shall have been completed.

The Chinn’s Branch district is most likely to receive early
attention, from the fact that it is the most easily accessible of
any of the cannel regions, though in extent it is much less
than some others, and though the coal ranks second in qual-
ity to the deposits of some of the interior counties. It is the
nearest coal region to be reached by the lower Ohio river
trade, being but 130 miles from Cincinnati, and at the west-
ernmost outcrop along the river of workable beds of coal.
Indeed, it seems unaccountable that so little should have been
done to develop this locality. It appears, however, that as
early as 1859 the Maysville Manufacturing and Mining Com-
pany was formed to develop the cannel coal of what was
known as the Caroline tract, including the greater part of the
cannel coal area of this region, for the purpose of manufactur-
ing illuminating oil. But the discovery of petroleum .deposits
in Pennsylvania operated to break up this enterprise ; and
what with the breaking out of the civil war, and the want of
method since, the property has not been made profitable to
the company. ' . :

An examination of the region shows that it occupies, geo-
logically, that part of the vertical section which' includes nearl'y
all of the valuable beds, both of coal and of iron ore, of this
eastern field. (See General Section, RcPort on the Geology
of Greenup, Boyd, &c., Vol. II, New Series.) Some of these
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beds are too thin in this locality to be of any economic value
at present. Coal No. 1, of the series above the conglomerate,
is below the drainage, and though nothing is known of its
value here, yet it may properly be left out of the list of worka-
ble beds, as also may Coal No. 2, which is too thin, where ex-
posed, to interest any one except the geologist. Both beds
are important in any comparison with other localities. The
highest beds in this locality are the *“ Red Kidney” iron ore
and Coal No. 7, the former near the top of the hills at the
head of Chinn’s Branch, in its ordinary relation to the latter,
or separated from it by twenty to twenty-five feet of greenish
shaly rock.

The cannel of this district is No. 4 of the series. The beds.
above and below are so well marked and so regular as to
leave no doubt as to its place in the general section. Coal 4
is ordinarily a common bituminous bed. In this region this is.
replaced, wholly or in part, by cannel coal. The same is true
of Coal No. 4 in the Hunnewell and the Stinson Creek regions.
There are, however, other beds that exhibit local changes to
cannel coal, and, considering this and the local character of
the cannel coals, there would seem to be very little antece-
dent reason for supposing that the beds found at considerable
intervals in the eastern coal field of Kentucky are also the
equivalent of the Chinn’s Branch and the Hunnewell deposits.
The evidence at hand goes to show that in Morgan county
the Pierat coal, and the upper cannel near West Liberty, and
also the Breathitt county cannel, are the equivalent of the
Chinn’s Branch cannel seam, though the sections in the sev-
eral localities differ very much as a whole: and further study
of those regions may not sustain this conclusion.

The vertical section in the Chinn's Branch region differs in
no very important respect from the typical section of Green-
up, Boyd, and Carter counties already referred to, all the
horizons of coal and of iron ore in that portion of the general
section represented by the rocks of this region being well
defined. The beds of economic value are of Coals 3, 4, and

7, with the possible addition of Coal 6, and of iron ores, the
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limestone ore, and two kidney ores of the upper part of the
section ; the block ore near the horizon of Coal 4 being of
little value, as is usual where that bed is prominent, either as
cannel or a common bituminous coal.

Coal 3 is perhaps the most reliable bed in this region. It
has an average thickness of about three feet, separated into
two parts by about ten inches of clay shale or:“draw-slate.”
It is overlaid by a few feet of shale, with thick sandstone
above, and rests on the usual under-clay. This coal has not,
until recently, come into favorable notice in this region, though
the equivalent of this bed in Lawrence county, the Peach
Orchard coal, has long been favorably known. By the enter-
prise of Mr. Bates, of the Eastern Kentucky Railway Com-
pany, this coal, as found in some parts of Green.up, has bcjen
shown to be a valuable bed, and on examination in the region
in question, it -is found that No. 3 is an exceptionally good

coal, and that though it is not in great thickness, yet it 1s con-

stant and easily mined. It is a splint coal, and bears trans-

portation well, and is an exellent grate coal.
An analysis made for the Company by Dr. Peter shows

the following, which may be regarded as an index of the

«quality of the coal :
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but the great body of coal, covering a considerable portion of”
the latter tract, remains to be mined. The best information:
obtainable as to the thickness on the old Fulton tract gives.
it an average of about three feet. Further up, on Chinn's.
Branch, the bed has reached a thickness of four and a half
feet. On Indian Run it is about two feet, but superior to the:
thicker part for gas-making. Like all cannel coals, it will
probably be found variable in thickness and quality in the
working of the bed. On the Indian Run the bed is accom-
panied by common bituminous coal, one foot on top and six to-
eight inches below, making the whole bed about the same in
thickness as the average on Chinn’s Branch, where the whole
thickness is cannel.

In either case, the under-clay and the overlying rocks are-
essentially the same, and there are apparently no features on
which more than a rough estimate of the quantity of cannel
coal in this region could be based. A medium specific grav-
ity would give about 1,500 tons, of 2,240 pounds to the acre,
for each foot of thickness, or 4,500 tons for three feet, and
4,500,000 tons to the thousand acres. At the very smallest
estimate, both as to the area and the thickness of the bed, the
amount of cannel coal in this field, and lying within three to.
six miles of the Ohio river, is sufficient to warrant a systematic
development of the territory, to say nothing of Coal 3, already
described, and the coals above.

The only analyses of the cannel of this locality on record:
are two made for the Company by Dr. Peter, as follows :
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Coal 6 has not been opened sufficiently to show its thick-

ness and value. The evidence goes to show that it is presentt
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at its proper level, 125 to 130 feet above Coal 4, probably over
the whole region.

Coal 7, 45 feet higher up, has a thickness of three to three
and one half feet of excellent coal, though the area is reduced
to a comparatively small limit, the bed being near the top of
the hill. This is the Coalton coal. In quality it is about the
same as elsewhere. Entries have been driven, and a consid-
erable amount of coal shipped from the ridge between Indian
Run and Wolfpen Branch of Ash Creek. The two lower
parts of the bed are uniformly present, separated by the usual
thin parting. The upper part is said to be‘ repre§ented at
some points by a few inches of coal, inferior in quality to the
lower parts, as is usual with this bed elsewhere. Th.e follo.w-
ing measurements made at one entry agree substantially with
those made at several others along the ridge:

Feet. | Inches.

.....
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APPENTIN.

The equivalency of the upper beds of the general section
of Northeast Kentucky with those of Ohio is pretty well
established. Coal 9, as shown opposite the mouth of Garner
Creek, is the same as the Bagley’s Run coal, or No. 7 of the
Ohio report. Coal No. 8, Hatcher and Garner Creek, is also
the Hatcher coal of Ohio, or No. 6B. No. 7, the Coalton
seam, is in Ohio the Sheridan, the Nelsonville. * &c., or No. 6.

Coal 6, the Keyes Creek scam, is known in Ohio as the
New Castle coal.

The ores and limestones associated with these coals are
also readily recognized as equivalent beds; but below the
horizon of the ferriferous limestone the correspondence with
the beds of the Ohio section is not so clear, and, indeed, not
so well defined as would be expected from the relation of the
two fields, and from the comparatively: slight variation from
the typical section over a wide extent in Kentucky in the belt
representing the lower part of the coal-measures. This is
doubtless owing somewhat to the fact that the Ohio coal field
has been more carefully studied in its northward extension,
and that the general section is a better type of the geology
northward than along the Ohio river. :

It is probable that a general correspondence with the Ken-
tucky beds exists for a considerable distance into Ohio, though
less definite and probably more limited in its northward exten-
sion than that of the series above Coal 5. The Conway coal,
No. 3C of Ohio, probably represents Coal No. 5 of Kentucky ;
and the Kelly coal, No. 3A, and the Wilbur coal. No. 3,
may provisionally represent Coals 4 and 3 of Kentuck_y. the

eam immediately under the fer-
and in volume II, Report on the
ea Ridge, at Pennsylvania Fur-
sizon. was spoken of as the

# The Ohio Report of 1870 placed the Nelsonville s
riferous limeéstone below Coal 6 of the Kentucky section ;
Geology of Greenup, arter, &c , a thin coal, noted on P
mace, and at several points in the East Fork valley allt].ns hor ; Sy
equivalent of the Nelsonville coal A subsequent visit to the Hocking valley made 1t
clear that the Nelsonville and Straightsville coal seam occupies the place of the Coalton.
The report of Professor Orton. of the Ohio G Qloglcal Survey, on the Geology of the
Hanging Rock District (Vol. I1T), confirms this view.
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10 CHINN'S BRANCH CANNEL COAL DISTRICT—APPENDIX.,

Hunnewell or Chinn's Branch, and the Tu key Lick or Peach
Orchard.

The place in our section of the Jackson shaft coal is a mat-
ter of considerable uncertainty. 1f, as is held in Volume III,
Geology of the Hanging Rock District, this is an inter-con-
glomerate bed, then its probable equivalent in Kentucky is:
the Proctor coal of Lee county. If, as later observations seem
to show, the conglomerate below this coal is a subcarbonifer-
ous deposit, and that above the true coal-measure conglom-
erate, then this coal is the probable equivalent of the Menifee
coal, and of the thin bed found in Greenup and Carter below
the conglomerate, when that is present, and closely associated
with the great non-plastic fire-clay bed of these counties. In
either case, the Jackson Hill or the Wellston coal would be
the same as No. 1 of the former Report on the Geology of
Greenup, Carter, Boyd, and Lawrence.

If this view is correct, several thin beds, from two to four
in number, between the Wellston and No. 3, the Wilbur
of Ohio, would be set over against No. 2 and 2A of Ken-
tucky. To this there is no special objection, since the addi-
tional beds are found at considerable distance from the Ohio.

river, and may be regarded as local beds.
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