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LETTER OF TRANSMITTAL.

His Excellency, J. C. W. BECKHAM,
Governor of Kentucky.

Sir: I have the honor to present for publication a bulletin
on clays, with some account of sands, marls and limestones, in
several parts of the State. The bulletin is preliminary in char-
acter and is offered now simply in order to meet the urgent
calls for all information concerning our clays that is at present

available. A more comprehensive report, in which not only the
geology and distribution of our clays, but also their technolooxcal
values, will be given, will follow in due course. Data for such a
bulletin are being gathered as rapidly as circumstances will per-
mit. Among the clays upon which more field work is required
are some of those associated with the coals and Conglomerate
Measures of the Eastern Coalfield ; those in other Lower Carbon-
iferous regions than are included in this bulletin; those on the
western rim of the Ordovician (Lower Silurian), and in parts
of the Western Coalfield; while those of the Jackson’s Purchase
region are to be studied in greater detail. It is believed that
another year of field work will yield results sufficient to develop
the lines along which technological work may be most profit-
ably’ carried. Naturally, frequent references are made in this
lulletin to materials fit for the manufacture of Portland and
other cements. A bulletin especially devoted to cement mater-
ials will be issued later on.

Very respectfully,
C. J. Norwoop,
State Geologist.
October 1, 1905.







LETTER OF SUBMITTAL.

Proressor CHARLES J. NORWOOD,
Director, Kentucky Geological Survey.

Sir: I have the honor to submit herewith a preliminary re-
port on varicus clay deposits of the State examined during
the seasons of 1904 and 1905, including the kaolin and plastic
clays of Hardin and Hart counties and portions of Edmonson,
Larue, Taylor and Grayson counties, together with miscel-
lancous deposits in other counties of the State, including Jack-
son’s Purchase in the West and Red River Valley in the East.
In doing so, I wish to express my indebtedness to those residing
in the various districts of my work who offered me so many
facilities and treated me so courteously. They are too numerous
for individual mention. »

Accompanying the report is an account of the clay deposits
of Livingston and Crittenden counties, by Mr. IF. Julius Fohs,
furnished for use in this bulletin in advance of his forthcom-
ing report on the lead, zinc and spar deposits of the Western
Kentucky district.

Very respectfully,
v JAMES . GARDNER,
Assistant Geologist.
October 1, 1905.
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PART 1.

1. The Kaolins and Plastic Clays on the Eastem Rim of the
Western Coalhfeld, by J. H. Gardner

2. Clays in the Red River Valley, by J. H. Gardner.
3. Clays and Sands of Jackson’s Purchase, by J. H. Gardner.

4. Some Clays in the Western Lead, Zinc and Spar District,
by F. Juiius Fohs.

®






CHAPTER 1.

The Kaolin Deposits Adjacent to the Eastern Rim of
the Western Coalfield, with Notes on Other
Clays in that Region.

This region includes Hardin, Hart, Larue, Taylor, Edmon-
son, and Grayson counties. In all the counties named, except
Grayson and Hardin (which have not been fully proved), de-
posits of a fine white clay, to which, on account of its composi-
tion and general character, the name kaolin is applied, are
known to occur. Work was undertaken in the region with es-
pecial reference to the kaolin deposits, but was extended so as
to include other clays of importance.

GEOLOGLCAL DISTRIBUTION OF THE CLAYS.

The clays are found in the various divisions of the Lower
Carboniferous formation, as represented in this terrltory, but
principally in the upper ones.

In Hardin county, the clays around West Point lie within
the Waverly belt, but they appear to be much younger geologi-
cally, doubtless representing river deposits. The clay, or white
silicious soil, is found underlying the level area extending into
Jefferson county. This area is an old terrace of the Ohio river,
the latter having cut its northern bank and left an area of al- °
luvial material wider and wider on the south. The other clays
of the county are of the plastic variety, and are situated be-
tween the St. Louis formation and the Big Clifty Sandstone of
the Chester Group.

In Hart county, the clays of the western portion are also
found between the St. Louis limestone and the Big Clifty Sand-

n
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stone. In the central and eastern portioms, however, many of
the deposits are situated at the base of the Conglomerate Sand-
stone of the Coal Measures (representing the Pottsville of Penn-
sylvania). Over the latter area of the county, there is a marked
unconformity at the base of the Upper Carboniferous (or coal-
bearing series, including the Conglomerate). The Conglomer-
ate is here, at some places if not at many, brought down. almost
bodily on to the St. Louis. Beneath an important exposure of
kaolin at one point in this area, there is a thin seam of coal
underlaid by “fire-clay,” which, with. possibly a few feet of lime-
stone, is the only representative of the Chester Group. Im-
mediately above the deposit, with a sharp line of demarcation, is
the Conglomerate. Only a few feet below, according to baromet-
ric measurement, the St. Louis occurs.

In Edmonson county, the Chester Group is well represented,
and in it occur the two important clay horizons of the county.
One is at the top, between the highest stratum of limestone
and the Conglomerate Sandstone; the other is lower down, near
the top of the Big Clifty Sandstone. Possibly further work in
that county will reveal deposits along the area of contact be-
tween the St. Louis Limestone and the Big Clifty Sandstone.

Southeastwardly from Hodgenville, in the region traversed
by the Buffalo and Campbellsville road, adjacent to the boun-
dary between Larue and Taylor counties, lying partly in each
county, but chiefly in Larue, is an area of twelve or sixteen
square miles in which deposits of kaolin have been found at
widely separated points. For present convenience, this field
has been called the Larue-Taylor clay field. The clay occurs
at a level below the base of the Conglomerate Sandstone.

In Grayson county, those deposits that were examined are
associated with a stratum of limestone at the top of the Big
Clifty Sandstone. No kaolin was observed in the county, but

it should be said that examinations of the county have not been
completed.

SCOPE OF THE INVESTIGATIONS.

The investigations of the deposits were made for the pur-
pose of determining, as nearly as possible, the nature of their
occurrence and their extent, and, so well as may be done without
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technical and commercial tests, their qualities and applicability;
also, for the purpose of ascertaining their relations to the differ-
ent geological formations, and for collecting such data as might
prove valuable in shedding light on their origin. In the course
of the field work, samples were collected in such way as to be
representative of each deposit as a whole.

The results show that unquestionably valuable clay deposits
occur along the eastern margin of the Western Coalfield, and
sufficient has been determined to justify the expectation that
as the examinations are carried to the west, around the southern
margin, other promising deposits may be found.

PROSPECTING FOR THE CLAYS.

At numerous places in the territory under consideration, es-
pecially in Hart county, the clay deposits have been exposed by
shafts or pits sunk to depths ranging from two to twenty feet.
This gives the best exposure, enabling one not only to determine
the thickness with accuracy, but to ascertain the variation in
the character of the clay vertically. At other places the clay
may be seen to advantage where surface water has cut gullies
through the deposits. This gives exposures on the sides of the
cuts and shows, as well, the comparative thickness of the de-
posit. Great care must be taken at such an exposure, however,
in collecting a sample, to see that it shall be an average of the
bed and free from impurities washed in by rains.

The presence of clay is often detected by the appearance of
the soil covering, or by the character of the vegetation growing
thereon. In such case, a pit or a boring is an absolute neces-
sity in order to determine the character and quantity of the
deposit.

VARIETIES OF THE CLAY.

The clays of these counties may, for present purposes, be
classified as of three varieties, namely, Kaolins, Plastic Clays,
and so-called FFire Clays.

The term kaolin was originally applied to those white clays
which result from the decomposition of feldspar. For this
reason it is a question whether or not the term should be ap-
plied to the white clays of this territory, which undoubtedly
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are not residues from decomposed igneous rocks. Since, how-
ever, the clays have both the physical and chemical nature of
kaolin proper, the term is applied to them in this report. They
resemble typical kaolin in being white, grayish-white, or pale
yellow; in having an unctuous or greasy feel; in adhering strong-
Iy to the tongue, due to porosity; in breaking with a conchoidal
fracture; in turning blue when heated and moistened with co-
balt solution; and, principally, in analysis.

Following is an analysis of kaolin which cccurs on the
Philip Moss place, in the Bonnieville region, in Hart county.
Sample is of unwashed clay, and was analyzed by Dr. A. M.
Peter, chemist for the Kentucky Geological Survey :

Per cent.
Moisture ..... e eeeieiesiattetaeatiestaaencnorrtaaanaas eeee 2,39
Ignition (combinad water)................ e, 12.68
£ 0 48.09
Aluming ..vveinneiiiniiiierieirneeiiiiitennerrennonnnnens 34.66
Ferric oxide. .ovviiriniiieiiiiniiiiiiii it ieiiiiesiirrenenenn 0.78
0 T 0.27
B0 - T3 0.23
3012 | 0.74
£ Y 0.30
Titanic 0XIde..eueiinirreiinienerenreeeneneereenneesnennen 0.25
“
100.39

The following analysis of a typical, high class kaolin from
Japan, copied from “Tables of Analyses of Clays,” compiled
by Alfred Crossley, is given for comparison:

Per cent.

Water a8 105S.teiineeinrnenenienernennnerennreennnnnnnns 13.64
£33 47.74
AlMIDA ottt i i i e et e 36.66
DO g L3 L T 0.42
B T 0.99
B G -2. 1 - tene
AlKALIES tevuririiiiiiiinereerarrteeeernoenenonroneannanns 0.45
99.90

The following analysis, also for comparison, and copied from
Crossley’s Tables, is that of a kaolin from Jacksonville, Ala.:
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Per cent.

Water and JOS5...ceeiiiiciireiiiniocenssocsrncacnsasasen .. 13.38
SIlCA ceveiteriiiatitetseceereansonecsccacaasesnannnnarons 44.60
V- 11 115 « T 38.91
Ferric oxXide. . oovuniiiiiiiiiiiiiiiteeetsenennneonareonnnne 0.78
17« V- reee
MABNESIA 4veeeereocennnssroasssescstonrsnccsnrenanacsens cess eses
7N ) T eee 1.03
Undecomposed mineral......cceeeenecsccccnass [ eeeecess 0.90
99.60

The following analysis of washed kaolin is copied from Dr.
Heinrich Ries’s report on “The Clay Deposits and Clay In-
dustry in North Carolina.”® The clay is mined near Webster,
N. C,, by the IHarris Clay Company: ' :

Per cent.

MOISEUTE vvevetininieeranereasencesesonnsonsassnsonncannns 0.36
Water (loss cn ignition)....coiiiieiiiiiiinniiinernnnnnnnes 8.98
1S3 03 PP 45.70
ANMING tovtiiiriiirresnsanstesssncssnscasoasoncsaasaanes 40.61
Ferric oXide.cuoveriirereiiraseenrenersaasesnsssssncconnanes 1.39
55+ L 0.45
MAENeSIA sevveeeeeerrocaccescceransnsesscsceansnanennannen 0.09
N1 1 L 2.82
100.39

Free sand......voeveecncnsssecnncnasasennes tesesnerssannans 3.19

Plastic clays are those which aré especially fat or plastic.
Such clays contain more or less impurities and often show quite
brilliant shades of gray, yellow, brown, drab and red. In this
class is included the ordinary red clay which results from the
decay of limestones, and which is often used for the manufacture
of common red Drick.

The fire-clays form a class of dark, refractory clays, which
possess little plasticity. This term is a very general one, how-
ever, often improperly applied, and it is not to be understood
that every clay referred to as “fire-clay” is valuable for fire-
proof qualities. Yhen properly used, the term applies to a
refractory clay from which fire-proof material may be made.
But in common usage the term is often applied to clays that
are in reality not sufficiently refractory to make fire-brick, the
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term being applied simply because they resemble fire-clay and
are more refractory than the ordinary plastic clays. An exam-
ple of the common misuse of the term is its application to the
under-clays of coal seams, without regard to whether they are
refractory or not; originating, perhaps, in the fact that often
such clays are true fire-clays, and that some of the best fire-clays
known are obtained from beneath coal beds. A similar looking
clay is not infrequently found beneath deposits of kaolin or of
plastic clays in the region covered by this chapter.

It will be noted that the above clays contain more or less i im-
puritics, and it may be said that kaolin is never found in a
strictly pure state. Kaolinite is known as the clay substance,
while all foreign minerals are regarded as impurities. Kaolin-
ite is the basis of all clays, and is the hydrated silicate of alum-
ina, having the formula A1.0;, 28i0,, 2H,O. Or in the propor-
tion of Silica (Si0?), 46.3 per cent.; Alumina (A1.0;), 39.8
per cent; water (I,0), 13.9 per cent.

ORIGIN OF THE KAOLIN DEPOSITS.

Clays, according to their mode of origin, are classed as
Residual and Sedimentary. Residual clays are those which are
found at the place where formed or in the immediate locality.*
Sedimentary clays are those which were deposited as a sedi-
ment on the bottom of a sea, river, or ocean, the clayey particles
having been washed in from the eroded land areas. Just what
the origin of kaolin beds in this territory may have been is an
unsettled question, but there is weighty evidence in favor of
sedimentation.

Upon close examination, some of the deposits of white clay
in Tlart county proved to be fossiliferous. Specimens of a
Zaphrentis, of Pentremites pyriformis, erinoid columns, and of
a small bryozoan (the frond of an Archimedes), were found in-
corporated deep down in a freshly exposed portion of a bed in
such a manner as could not have been brought about by the
fossils having been washed in from the surface. It necessarily
follows, therefore, that these included fossils must either ante-

. 'I‘hov are resldues of earlier formed deposits that have been disintegrated
by decav or broken down by erosion, by frosts, etc. The red clays that con-
stitute sueh a marked feature of areas underlaid by the St. Louis and Ste. Gene-
vieve limestones In Southwestern Kentucky, which have been derived from those
limestones, are good examples of residual clays—C. J. N.
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date the deposits or have an age in common with the clay. If
they antedate the deposits, then the clay must be a replacement
of a limestone or chert in which the fossils were originally held.
If they do not antedate the deposits, then the fossils must be
the remains of organisms that lived in the same sea and died
at the time the clay was being deposited as a sediment over the
bottom. The latter seems to be the most probable explanation.

If the clay is a replacement, there is no reason why the fos-
sils themselves should not have been replaced. While it is
true that some of the small ones are partially or entirely re-
placed, it is only such a replacement as might take place “pari
passu” with the fossil’s decay. The larger fossils, like Za-
phrentis, are apparently in their solid, original form.

Furthermore, the deposits are laminated; they often show
very distinct and well marked layers—distinct in color, in phys-
ical nature, and in chemical compositicn. This is a character-
istic that we would expect to find only in a sedimentary de-
posit.

Another important feature in connection with some of the
white clay deposits of Hart county is the fact that they are
underlaid by a thin stratum of Chester coal, which itself rests
upon a typical under-clay (so-called “fire-clay”). It would
seem that the close relation of the clay deposit above with the
coal and under-clay below is more in accord with the theory
of sedimentation than with that of replacement. After the
coal was formed, the clay must have been deposited in the com-
paratively shallow water which followed a slow submergence.
fTowever, such a relation could be brought about by uncon-
formity.

The foregoing facts are merely cited as being in favor of -
sedimentary origin rather than of replacement. On the other
hand, some of the clays by association and resemblance seem
very much as if they were the result of replaced chert. The
deposits, however, are found outcropping entirely around the
hills, as if laid down in regular horizontal layers and afterward
exposed by erosion; though it is yet to be determined, definitely,
whether they do extend through the hills, or whether they are
rim deposits.

Why some of the clays are so much, in appearance and com-
position, like those resulting from the decay of igneous and
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metamorpbie rocks is a question of theory that will not be dis-
cussed in this report. The writer is of the opinion that the
majority of the clays in the district are of marine origin, hav-
ing been carried probably by rivers from a great distance, first
into the prongs of the Lower Carboniferous sea and then quietly
deposited as local sediments on the bottom.

PHYSICAL PROPERTIES or CLAY.

Plasiicity—All clays are plastic, but they differ in the de-
gree of plasticity which they possess; henee it is that clays of
little plasticity are called “lean,” while those which are highly
plastic are called “fat” 1In this report, however, the term
“Plastic Clay” simply refers to clays that are so plastic that
they can neither be included among the kaolins nor the “fire-
clays.” The kaolins are lean, while the fire-clays are llttle plas-
tic until ground to a fine state of division.

;Slal.mg —When clays are dampened or covered with water,
they undergo a breaking up, known as slaking. The rapidity
with which the several varieties of c¢lay in the region here dis-
cussed slake differs greatly. The purest white clays, when
thrown into water, give off bubbles rapidly and, in a few min-
utes, go down completely into a powder. On the other hand,
the plastic clays slowly break up into angular fragments, when
small pieces are moistened ; while the fire-clays still more slowly
slake to minute flakes, or else break down to their component
grains.

Absorption.—According to Dr. Heinrich Ries, the absorp-
tion of a clay increases with the organic matter, the ferric hy-
drate, and the poresity. At many places in the territory under
discussion, there are small springs which issue beneath the top
layer of clay deposits. This is probably due to the fact that iron
compounds and organic matter, which have been leached into
the upper portion, permit the water to be absorbed until the
stage of over-saturation is reached. Xaolin is very porous and
adheres to damp substances because of moisture absorption.

Color—The two chief coloring agents of clay are organic
matter and the oxide of iron. Both agents have often played
their parts in the coloring of the same deposit, and the plastic
clays especially are sometimes colored brilliantly.
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Kaolin deposits are often ochreous near the top or bottom,
or colored brown with manganese oxide. Some high-grade clays
which are white after burning are, in their original state, dark
or brown with organic¢ matter. Many clays which are slightly
stained with ferrous oxide burn red or yellow, because of the
reduction of the iron oxide from the ferrous to the ferric state.
As a rule, ferrous oxide colors dark or brown, while the ferrie
oxide colors red or yellow. Some clays contain certain fluxes,
like lime for instance, which mask the color of the iron oxide
on burning, by the formation of double compounds.

IMPURITIES IN CLAY.

Perhaps the most common impurity of clays is silica. Silica
occurs in two forms, namely, as free silica, in the form of quartz
‘or sand grains, and in chemical union with alumina, which
forms the base of all elays. It is in the free state that silica
is often injurieus, but in some cases it is necessary to add sand
in order to render a clay more refractory, or to lessen the de-
gree of shrinkage. Iree silica also lessens the plasticity. Sili-
ca or sand in excess causes a clay to expand and crumble when
burned.

Another common impurity in clay is iron in the form of
ferric and ferrous oxides. Peroxide of iron is often earried
into a clay deposit by percolating waters, coloring it various
shades of red and yellow. If present in sufficient amount, ochre
is formed. Iron is also found in some deposits as iron pyrites,
or iron disulphide.

A common constituent of clays is lime. Sometimes it is in
the proper proportion to form a marl valuable for the manu-
facture of Portland cement. On the other hand, the proportion
may be too small to be of moment as regards use of the clay for
Portland, and yet so large as to injure the clay for other manu-
factures. If a clay containing carbonate of lime is used in the
manufacture of bricks and is not burned to a sufficiently high
degree of temperature, the caleium carbonate is broken up
into the oxide of caleium (“quicklimeé”) and carbon dioxide.
The latter escapes in the form of a gas, but the former, which
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is unslaked lime, absorbs water on cooling and is apt to burst
the brick by swelling.*

In one or two deposits of this terrltory, lime is found in
the form of the crystalized sulphate (gypsum). Gypsum acts
as a flux, but it may also do considerable damage by the forma-
tion of sulphuric acid.

Manganese, in the form of oxide, is 2 common impurity in
the surface portion of the deposits. But it is rarely present
in sufiicient amount to be of detriment to the clay.

Other coiapounds which are common to clays of all locali-
ties are magnesia, potash, soda, phosphoric acid, titanic acid,
erganic matter, and not infrequently sulphuric anhydride.

All clays contain some impuritics, and the use of a clay is
determined in large weasure by the relative percentages of
these impurities.

USEs or CLAY.

Perhaps there is no natural product of the earth put to
more varied uses and applied to art im a greater number of
forms than clay.

Dr. Heinrich Ries, in his general report on the Clays of the
United States East of the Mississippi River,i presents an ampli-
fication of the table of uses of clay originally compiled by Mr.
R. T. HilL.f Mr. Hill’s instructive table has done service in a
number of reports that have been issued on clay deposits, and it
is here presented in its amplified form with some modifications:

1. Domestic—Porcelain, white earthenware, stoneware
(granite or ironstonc), yellow ware and Rockingham ware for
table service and cooking; majolica stoves; polishing brick, bath

brick, jugs, crocks, churns, jars, frml, jars, milk pans, fire
kmdlers, ete.

2. Structural —Brick (common, front, pressed, ornamental,
hollow, glazed, adobe, terra cotta), roofing tile, glazed and en-

caustic tile (flooring, fireplace, ete.), drain tile, paving brick,

* The results of insufficient burning In the case of bricks made from clays
running relatively high in calcium carbonate, may be secen in many of the
btrick structures In Central Kentucky, where clays derived from Trenton (Lex-
ington) or Cineclnnatian limestones or calcareous shales have been used.—C., J. N.

tProfessional Paper No. 11, U. 8. Geological Survey, 1903.

{Mineral Resources U. 8., 1891, p, 475.
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chimney flues, chimney pots, doorknobs, fire-proofing, terra. cotta
lumber, copings, fence posts.

3. dgriculiural.—Drain tile, soil tile, irrigating tile, soil
tempering, barn flooring, ete.

4. " Hygicnic—CUrinals, closet bowls, sinks, wash tubs, bath
tubs, pitchers, sewer pipe, ventilating flues, foundation blocks,
vitrified bricks, absorbent brick, ete.

5. Hydraulic.—\¥Water conduits, reservoir lining, etec.

6. Decorative and FEsthctic—Ornamental pottery, terra
cotta, majolica, garden furniture, tombstones, ornamental til-
ing, artists’ mouldings, base for retaining pigments, ete.

7. Refractory WWares.—Crucibles and other assaying appar-
atus, gas retorts, fire bricks, glass pots, blocks for tank furnaces,
saggers, stove and furnace bricks, blocks for fire boxes, tuyeres,
pottery kilns, cupola bricks.

8. Misccllancous.—Food adulterant, paint fillers, paper fill-
ing and sizing, electric insulators, pumps, well tubing, fulling
cloth, scouring soap, packing for horses’ feet, chemical appa-
ratus, condensing worms, ink bottles, ultramarine manufacture,
emery wheels, playing marbles, battery cups; pins, stilts and
spurs for potters’ use; shuttle eyes and thread guides, smoking
pipes, lamp stands, umbrella stands, pedestals, water filters and
coolers, filter tubes, caster wheels, pump wheels, models, flower
pots, garden border edging. ‘

9. Engincering Works—Puddle, Portland cement, railroad
ballast, covering for wagon roads (Dburnt clay).

Clay is also used in making alum, and yellow and red clays
are used as paints,

CrAYS EMPLOYED.

As stated by Dr. Ries, “very few of the above materials are
made from one grade of clay alone; in fact, probably 90 per
cent. of the articles mentioned in the above list are molded of
a mixture of at least three clays, and many clays are used for
several purposes. The aim of the manufacturer in each case
is to get a mixture of the proper plasticity, color-burning qual-
ities, shrinkage, and refractoriness. This is a subject to which
much consideration is given in the manufacture of the medium
and higher grades of ware, for neglect of these points may cause
much loss in burning.”
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It seems well to present the following quotations from the
report of Dr. Ries,* concerning the class of clays employed in
the more important kinds of ware mentioned above:

China Cluys.—“Porcelain, white earthenware, and granite-
ware are made of a mixture of kaolin, ball clay, feldspar, and
quartz, all rendered very fine-grained by preliminary washing
or grinding. The clays must be of the best quality, burning to
a white color at the fusing point of cone 8 (about 2,350 degrees
I.). This necessitates the selection of a.clay of low ferric-oxide
content, preferably under 1 per cent. Good plasticity is also
desired, and is supplied by the ball clay. The kaclins and ball
clays employed are partly of domestic production and partly
imported.” ' '

Fire-Clays—“Fire bricks, crucibles, and similar wares are
made from clays whose main requisite is refractoriness, although
plasticity is also needed. Consequently mixtures of several dif-
ferent clays must be made for the best results. A clay to be
considered refractory should not fuse under 3,000 degrees F.
(cone 27).” ‘

Ulass Fot Clays—*“The manufacture of glass-pots calls for
a clay which is not only refractory, but burns dense at a moder-
ately low temperature, so that it will resist the fluxing action
of the molten glass. It must possess good bonding power and
burn without warping. Great care is necessary in the selection
of the clay and the manufacture of the pot.”

Stoneware Clays—*“Stoneware is commonly made of a semi-
refractory clay, which burns dense and helds its form well in
burning. The clays may often show high plasticity and tensile
strength (often 150 to 200 pounds per square inch), and not
uncommonly burn buff. This is the type employed in chemical
and sanitary apparatus.”

Clays for Vitrified Wares of Low Grade—“Sewer pipe, pav-
ing brick, and other vitrified wares of nonrefractory character
are made from clays or shales of fine grain, ferrnginous compo-
sition, and preferably of goed plasticity and tensile strength.
They vitrify usually at a low temperature, cone 2 or 4, have a
low fire shrinkage, and burn to a dense red body. In Ohio a
mixture of low-grade fire-clay and shale is sometimes preferred.”

Terra Cotta Clays—*Terra Cotta is made from a great num-

*Op, cit,
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ber of different clays, but most manufacturers of this material
are now using fire-clays, for these give the best results at the
temperatures (cone 6-8) attained in their kilns. The color of
the body of the burned mixture is usually buft, the exterior or
surface color being due to an application of slip to the outside
of the ware. A few terra-cotta makers use low-grade red-burn-
ing clays or shales. . . . Clay for terra cotta should burn
to a hard budy at a moderately high temperature, say 2,300 de-
grees IY., producing a nearly impervious preduct. While it is
desirable to have a vitrifiable clay, the burning of the body is
seldom carried to this point for the reason that it is accom-
panied by too much risk of cracking by overshrinkage. Ac-
cordingly, it is customary to use a semi-refractory clay which is
burned to a hard body, but not an impervious one.”

Brick Clays—*“Pressed or ornamental brick are often mold-
ed from refractory or semi-refractory clays, because the buff
product thus obtained is very popular, and, furthermore, the
buft cclor makes a good base with which artificial coloring ma-
terial may be mixed for the production of many other shades.
Red clays are still used to some extent, but the demand for them
is not nearly as great as formerly. Whatever the class of clay
used for pressed brick, uniformity of shade and freedom from
discoloration are cssential features of the burned product. The
discoloration is due to improper mixing or the presence of solu-
ble compounds in the clay, which form a scum on the surface.
The physical properties of the clay are of much importance.
High refractoriness is not essential, but since straightness of
outline is called for, clays of low shrinkage are preferred. Ex-
cessively plastic material is undesirable where the stiff mud pro-
cess is employed, but for dry press brick the plastic qualities
of the clay do not play so important a role. Clays of streaky
character are often avoided unless they mix readily in the ma-
chine,

“Common brick are made from almost any kind of clay, rang-
ing from the calcareous, pebbly clavs found in the regions
around the Great Lakes to the impure, ferruginous, residual
clays found all over the South. . . . A clay to be used for
the manufacture of common brick sheuld burn red if possible,
since there is then more possibility of its burning dense at a
comparatively low temperature and thus avoiding the use of
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too much fuel. Most brick clays are burned to about cone 0.05,
and at this temperature the clay commonly shows incipient
fusion. Good brick clays should burn hard at a temperature of
not over 2,000 degrees I'., namely, at cone 1, or preferably lower.
This means the presence of sufficient fluxing material to bind
the clay grains together into a hard body when burned. Large
sand grains and pebbles are undesirable, for they tend to make
the product porous and weak. The best results are commonly
obtained with clays carrying from 5 to 7 per cent. of ferric
oxide.”

Farthenicare Clays—“Many of the smoother surface clays
employed in making common brick are also found satisfactory
for the manufacture of earthenware. The materials necded are
such as will form a mass of good plasticity with water, will
turn readily on the potter’s wheel, and will burn to a porous
body without excessive shrinkage. The clays used are commonly
the less gritty sedimentary clays, for the low price of the ware
seldom permits the expense of washing.”

Paper Clays.—“These form a type of clay much used by pa-
per manufacturers and having special qualities. Since the clays
are not to be molded or burned, plasticity and behavior under
fire are of no importance. The great essentials are whiteness
of color and freedom from grit. The former property must be
originally possessed Ly the clay. The percentage of grit, how-
ever, can often be lowered if the color is good.”

A description of methods of manufacture of the various
clay products is reserved for a succeeding bulletin.

Clays 'in Hardin County.

From a line dividing Hardin county bilaterally from north
to south there are no clays of much economic importance in the
area of the eastern half. Orver that portion of the county, lime-
stones and shales are the only rocks of the Lower Carboniferous
exposed, and it has already been mentioned that over the terri-
tory covered by this report, few valuable clays have been found
except in connection with a sandstone formation.

Of course, at places over the eastern area there are fairly
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good exposures of the ordinary red brick clay, which is a result
of decomposed limestone,

The greater portion of limestone exposure in the county is
St. Louis, but in the northeastern portion, near Rolling Fork
and Salt river, some of the lower limestones are exposed.

Around West Point there is found a white clay which proves
valuable for the manufacture of Portland cement, and there
are deposits somewhat similar in appearance near Stithton.

The high lands in the western half of the county are capped
with Big Clifty Sandstone, while some of the highest hills con-
tain outliers of the Conglomerate Sandstone. At the base of
these hills, the St. Louis Limestone is exposed, and it is between
the St. Louis and the Big Clifty, over this section, that the ma-
jority of the clays of Hardin county are found.

THE WEST PoOINT CLAYS.—At places in the bottoms of the
Ohio river around West Point, noticeable on the farm of Mr.
William T. Turner just west of the town, the soil is underlaid
by a light colored plastic clay with a thickness of five or six
feet. The color varies at different points.

The low meadow lands east of the mouth of Salt river, in
Jefterson county, have a similar subsoil, but with less impuri-
ties. It is this material which is to be used in the manufacture
of Portland cement at River View, Jefferson county, Ky., by
the Kosmos Portland Cement Co. .

Following is the analysis of this clay as furnished by the
superintendent, Mr. Wm. H. Baker, made by B. Cushman, of
Cornell University:

Per cent.
AIUMINA ceviuiiiireniarnrooieceassscccacsoasassasransnses 20.02
SIlEA c.viietirenerectesesesssccsonascassccssssssascsssnnss 63.45
Ferric oxXide..veieiiniiiinieeariecnssensisscsncnsssnssaasonn 4.63
LiIME civievucoccncoronsosssosscacscasnssansosssccssasnaaas 0.47
MagneSia ceiveeeeieeciansecrccessnnsccsonssasaascassonss .. 0.98

The oolitic limestone which is ground and mixed with this
material has the following composition:

Per cent.
Caleium carbonate .......coveveceereevncsnsroronssssssacns 98.49
Magnesium carbonate .......ciiiiiiiiiiiiiiitiitaiienanaaes 0.42
SiliCR cv-vvrcescesiccecesnasenaasssoncanscasasnssnnonsssses 0.37
AlUMINA cvevirerceronscecenesenscscsnscscseasassrssssnssaes 0.12

Ferric 0Xide...ecceeeeeeereerencccoeanncscaasscssnccnssnanas 0.11
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THE H. W, RauM Ivace.—The clay exposures on this place
are typical of the clayey subsoil near Stithton.

Mr, Ilahm's farm is about one mile north of Stithton, and
lies just west of the I. C. R, . This is a low level territory
underlaid by a light colored clay about five feet in thickness,
which has been exposed on this farm by deep postholes, excava-
tion of ponds, ete.

The section exposed at this point follows:

T ) 2145 ft.
2. Light colored clay ...................................... 2 ft.
3. St. Louis Limestone.

The soil grades gradually into the silicious material below,
but is at places much thicker than at others.
IFollowing is the analysis made for the Survey by Burk and
Lyon, Loum'llle Ky.:
ample, llght gray clay, from farm of H. W. Rahm, one
niile north of Stithton. Collected by J. II. Gardner:

Per cent.

Hygroscopic moOiStlre. . vuviieneiiieeerrerereeenaerenns 1.80
Combined Water .....ovviiviieiiiieeeeeniennnnnesennnnnnnns 4.69
£ 1 A 77.33
ATUIMIDA teierertriiieineeee et eerteeeennesetenaanns 9.37
Ferric oxXide. . .ovneeiiniiiiiiiiiiiiiiieeetieeneectanaaannnas 3.11
5 1T Y 1.10
MagneSia .ouieeernserecrinsreceiieotionieresnnancsnsanannen 0.02
Potash and S0a.....ocvieeieeneniiineneeneacecoacanecnannn 2.12
Titanium dioxide. .. oiieiiiiiiiiiiiiiiiiiiirieiiiinenennn. 1.11
Sulphur trioxXide . . civeriiiiiiiiiii it e it it e 0.48
101.13

Tue J. B. JEXKINS PLACE~—This farm is about one and a
quarter miles seuth of Stephensburg, on the 1. C. R. R.
The clay exposures here are around a high ridge at the south-

ern part of the farm, and a section cf the exposures here shows
the following:

1. Big Clifty Sandstone.

2. Yellow plastic €lay..eeeveriveeeieeiennneeneneenseaneanss 2 ft.
3. Drab plastic clay..cveieiiiinereinniinnnerneesnneennnn 14 ft.
4. Oolitic limeStone. . cveeeeeiieiinceereeneronnrronenneosnaes 20 ft.
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The yellowish clay is very plastic, fairly smooth, and con-
tains a large percentage of iron. The drab plastic cla3 is fine
grained, homogeneous and of large enough quantity to be easily
mined. ¢

This is scemingly a valuable clay fer the manufacture of til-
ing, sewer pipe, etc., and possibly would make a real nice brick.

THE TAYLOR JEFFRIES PLACE.—Mr. Jeffries’ farm is one and
a half miles north ¢f East View, adjacent to and east of the
L CRR.

At the foot of a high hill in the central part of his farm and
on other hills at the same elevation just east of there the fol-
lowing section is exposed :

\-_\Big Clifty Sandstone

N - —= .= Drab Plastic Clay
uu]oogjoo[oulou[oolo o[oo[aa]ﬁ\ Oolmc' 1

124, o vlooJunJocv]volvolooloo]o oio ofoo\

The various colors, if ground together, ought to produce a
material which would make a mice brick or tiling. The de-
posit is free from sand or gravel and probably does not contain
enough iron to injure it, though there is enough to cause the
product to burn red or brownish, perhaps.

THE JOSEPH LILLY AND ADJACENT PLACES.—The farm of Mr,
Joseph Lilly is one the Elizabethtown and Meeting Creek Road
one mile northwest of East View.

On this farm and several adjoining ones there are exposures
of drab plastic clay. The thickness of the deposits could not
be accurately determined at any one place, on account of vege-
tation, but the exposures range from two to six feet at places.

A typical section of these exposures here is as follows:

1. Big Clifty Sandstone.......ceeceeuues eerieians serecssas 201t

2. Drab plastic clay....ceeeeeerecenceranens [ 1 &
3. St. Louis Limestone at base of hill.

Similar exposures were found on the land of Mr. Fred Hifner
on the south, Schlange Bres. on the east, J. M, Kmkead on the
north, and E. R. Robinson on the west.
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This is a good quality of drab plastic clay, free from impuri-
ties and possibly valuable for sewers, low grade pottery or earth-
en ware.

Tue 8. H. RicHarbsoN I’LAceE.—This farm is on the Eliza-
bethtown and Meeting Creek Road about three miles and a half
northwest of Iast View.

This land is at a high elevation, with Big Clifty Sandstone
as the surface rock. One deep hollow extends down to the St.
Louis Limestone, and here there is a deposit of yellow plastic
¢lay with an exposure of four feet. It is a good quality of yel-
low clay and might be used for terra cotta. It is free from min-
eral impurities and is quite plastic when wet.

At this place we get the following section:

1. Big Clifty SANASLONE....evnnenernennensensenrnenenenaens 80 ft.
2. Yellow plastic Clay..eeeeeriieieieceeerocnncncocoscanannas 4 ft.
3, St. Louis Limestone........covveereeenrenneooccencsoannns 15 ft.

This deposit is very inconvenient, being exposed in a deep
hollow. Considerable expense would be necessary Dbefore the
material could be gotten to a place of easy transport. The con-
struction of an incline would perhaps simplify the proposition.

THE J. D. BARNES PLACE.—Mr. Barnes’ farm is cn the Eliz-
abethtown and Meeting Creck Road, two miles and a half west
of East View, ’

At a spring three quarters of a mile south of the above men-
tioned road, the following section was taken:

41t e S e Te——" 1= Shaly Limestone

If— —— ———-—'——_-——-—XFM Clay

1 ft. man il 02

I = = —— - '{\Fire Clay
— - - ~ - N Lovered

This thin stratum of coal is no indication that coal occurs
thereabouts in paying quantities, but is interesting from a geo-
logical standpoint. The St. Louis Limestone is not exposed here,
but from barometric readings is not many feet beneath the sur-
face.

The “fire clay” contains too great a quantity of impurities
to be valuable for refractory qualities. It is not a fire clay in
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the true sense of the term. Perhaps it should be called a soft,
shaly clay resembling fire clay.

ILriNOIS CENTRAL RAILROAD DEPosIiT.—There is a deposit of
drab plastic clay exposed in the I. C. R. RR. cut, about two hun-
dred yards south of the station at East View. This is a short
cut across a ridge which runs at right angles to the railroad and
extends back into high lands on either side. The deposit is
twelve feet thick.

At this cut, the following section is exposed:

1. Big Clifty SandstOne.....eeeeeeeees saonseosncacssansoasns 15 ft.
2. Drab plastic Clay...iceiieereereernnneiesroceseenneaceones 12 £,
3. Blue, coarse-grained St. Louis Limestone................ 8 {t.
4. Oolitic limestone (St. LoOuUiS).cvueieeerenenneenonnnnnnne . 10 £t,

Several years ago, a number of tons of this clay were shipped
to Bannon & Co., Louisville, for the purpose of making piping.
The clay was reported too fusible, however, and the mining was
discontinued.

By the mixing of a small percentage of silica, this material
would be rendered more refractory and could probably be used
profitably and with good results.

THE WASH NICHOLLS PLACE—The farm of Mr. Wash Nich-
olls is on the East View and Meeting Créeek Road two miles
west of Ifast View.

Alongside the above-mentioned road there is quite an ex-
tensive and varied clay exposure, as shown by the following sec-
tion:

Big Clifty Sandstone
Bluish Marl

| IJ—SI.L‘SI'
T T T T T T T T T T T LT T T TN

The drab plastic layer at the top is a valuable clay for agri-
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cultural structures, sewers, etc. The red is very ochreous and
might be valuable for the manufacture of paint if separated
from the dark and drab. The dark clay is plastie and would
likely burn to a similar colored material as the drab plastic
layer at the top. It is alse probable that a mixture of the whole
deposit could be profitably worked, provided the marls do not
furnish an excess of lime.

THE HARRISON ASHLOCK PLACE—Mr. Ashlock’s farm is on
the East View and Meeting Creek Road about two miles west
of East View.

This deposit is of limited extent, but interesting because of
its geological location. It is not found at the base of the Big
Clifty, as are most of the deposits of this section, but is higher
up in the series.

The following section was taken at this point:

1, Thin layer of sandstone.....veeeenneenenensns veresseass 10 fL.
2. Bluish plastic elay......oovveneennn. J P 2 3
3. Stratum of limestone............ reasasanes teectereeans 40 ft.
4. Big Clifty Sandstone........ceeveeeeeercanesenerennnss 40 ft.

This deposit is of too limited thickness and horizontal extent
to be of much commercial interest. It occurs at the same geo-
logical horizon as do many of the plastic clays of Grayson coun-
ty, namely, above a limestone at the top of the Big Clifty Sand-
stone. This limestone is in all probability an equivalent of the
Tribune Limestone identified by I8. O. Ulrich in Crittenden and
Livingston counties.*

THE CHARLES NELSON AND JAMES LASLEY PLACE.—This
place is on the Summit and Webb’s Mill Road, two miles south
of Summit,

XNear the above-named road, which crosses the land owned by
these gentlemen, there is an exposure of yellow plastic elay and
fire-clay.t This yellow clay shows an exposure of four feet, but
en account of timber growth no accurate measurements of the

* As yet, it s an open question whether correlations ean he made on the
aastern rim of the Western Coalfield with the thinner members (such as the

Tribune limestone) of the Chester group as the latter has been subdivided, by
Ar. Ulrieh, in Crittenden County.—C. J. N.

+Mr. Gardner, 'mmrentlv as a rule, uses the term “fire-clay” simply in con-

tradistinetion to “plastic” elav; using it to designate a ;omi -plastic or non-
plastic cluy which may be in some degree refractory.—C. J. N.
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thickness could be made. The dark clay shows a thickness of
ten feet, and where exposed breaks up into small flakes,

At this point, the following section is exposed:

10 ft. Big Clifty Sandstone

50 ft. T

This yellow clay is likely a very valuable clay for tiles of
various kinds and for piping. The fire-clay is, however, not re-
fractory enough to be valuable for its fire-proof properties, and
is not a fire-clay in the true sense.

THE WILLIAM DEAVER Prace—This farm is in what is
known as Deaver’s Hollow, on the Summit and Meeting Creek
Road, three miles west of Summit. The picturesque little place
is surrounded by high cliffs of Big Clifty Sandstone, while St.
Louis Limestone is only a few fcet beneath the surface. On the
east side of his farm there is a low hill which rises gradually to
the cliffs of sandstone and includes a semi-circular area of about
five acres. This area is underlaid by a deposit of drab plastic
clay with an exposure of about four fect.

The following section is exposed at this point:

1. Big Clifty Sandston8......ciccvieveniesaccereannnaacs veee J0fL
2. Drab plastic Clay.ceieetoreeesnesacaarcnsscaronsscsncses 4 ft.
3. COVEred ..uvuieieecrncaacarcnaacnsncassesssasssssassssass 10 ft.
4, St. Louis LimestOne....c.ceeeienescacosssacncrcacarcosse . 3ft

This clay is mixed with earthy impurities at the exposure,
but would show to much better advantage if exposed by a shaft,
and probably prove valuable.

THE CHARLES CARBY PrLack—The esposure on this place
is just east of the White Mills and Millerstown Road, near the
corner of the three counties of Grayson, Hardin and Hart.

At this point, the following section is exposed:

P 1 O RREEE R RE AN

2. Dark, Shaly Clay..ceeeceeeansaneaccosssvansaacsscaonnssses :2 ft.
3. Top layer of St. LOWiS.cveiiereecaririnacisiiacacanaans 20 ft.
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This dark clay is composed of thin layers and weathers to
small flakes. It is rather on the order of a marl in general ap-
pearance, but in all probability contains a very low percentage
of lime. It might make an excellent brick if ground, or, mixed
with a pure limestene, might contain the proper percentages of
silica, alumina, and iron for the manufacture of Portland
cement,

THE GiproN MCCLURE PLACE—This place is on the White
Mills and Millerstown Road, about two miles from Millerstown.
Along the named road and around the hills on either side, there
are exposures of a drab plastic clay at the top of the St. Louis
Limestone.

The following is the average section here:

1. Covered ...... S et seeenuereeesancnsnnertcnnocncanosonaons 2 ft.
2. Drab plastic Clay....eeeuieieiiieiernrsrenenneencenscnnns 6 ft.

This deposit is colored by iron, at places, which has leached
in from above. The deposit is not altogether free from grit, and
is slightly spangled with manganese. It may prove useful, how-
ever, for carthenware or agricultural structures, etc. At some
places, the deposit is much thicker than is given in the section.

Clays of Hart County.

The clay territory of Hart county covers the greater portion
of the county, with the exception of the area south of Green
river. The area south of the river shows only limestone expos-
ures and consequently only the ordinary red plastic clay with
a large percentage of iron, which results from limestone decom-
position,

Over the northern portion, there are many Lower Carbon-
iferous exposures which naturally appear around the margin of
the coal field and, with them, valuable clays.

In the greater portion of the western part, the low lands
and stream hottoms show exposures of St. Louis Limestone. The
low hills contain only sands and limestones of the Chester
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Group, the sandstone at the base of which is known in the Ken-
tucky reports as the Big Clifty Sandstone.

The high hills of this section are capped with loose pebbles
and old croded cliffs of the Conglomerate Sandstone, which is
the basal formation of the Upper Carboniferous.

Over a section of several square miles east of the L. & N.
Railroad, in the Bonnieville region, there is a very marked un-
conformity. Here the Chester Group is scarcely, if at all, rep-
resented at places, and the Conglomerate Sandstone rests al-
most upon the St. Louis Limestone. It is over this section that
the most valuable white clays in the county occur. This fact
is brought out by a notice of the sections at each deposit.

THE J. B. Isaacs PLACE—This place is on the Bonnieville
and Munfordville RRead, four miles southeast of Bonnieville.
On the named farm, there is a small spring which issues from
between layers of plastic clay. This clay is of a gray color with
small red specks.

There is an exposure of two and a half feet above the spring.
This layer contains a considerable amount of organic matter
and iron, while below the spring the clay is of purer quality
and shows an exposure of ten feet.

Here the following section is exposed:

"'\Soil and Pebbles

———_) Speckled Plastic Clay
—— - W Spring

- —— e —

o —
10t — -~ .— =~ ——.— -\ ppb, Plstic Clay

. e m—— e e o ———— —

20 ft. X § Covered

st LI T T T T T T T T T T T \StLouis Limestone

This clay is free from grit, quite porous, and likely a valua-
ble material for tiling or fire brick. IFollowing is an analysis
of the clay made fer the Survey by Burk & Lyon, Louisville, Ky.:

Sample, a reddish brown, or drab speckled, plastic clay,
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from farm of J. B. Isaacs, on Bonnieville road, four miles south-
cast of Bonnieville. Collected by J. H. Gardner.

Per cent.

Hygroscopic MOIStUIe. . vvvrrerererrrnnentoenrcecsasoencones 4.62
Combined Water ...vvviiirennsroirerssnornecroesosnanaseans 6.86
SIHCA tivenencetrensreeiscoseasssnatocertncasoasaasanannns 54.07
AlUmMING +vveriienrieeaetrieiiencnenrncsssrsessessecassasen 22.60
L L . 5.04
3 ¢ U N 0.28
MagNeSI& .ivvrvecnrassirocrrsetesctractsasasaceennsancons 0.50
Potash and soda.........c..ne e eeeene.acireerrasenaennas 4.61
Titanium dioxXide.....oveeeiininrrriiiiiiiirrnnisosonsnaes 0.93
Sulphur trioxide covinviiiiiiiiiiiiirireririiiiiiiiciiienann 0.27
99.78

A rational analysis of the foregoing shows the following:

Clay substance........ g 84.58
L0 3 14.14
Feldspathic detritus..................... PN 1.28

100.00

THE JOHNSON-HAWKINS PLACE—This area of clay expos-
ures is on the Bonnieville and Munfordville Road, four miles
southeast of Bonnieville and two miles east of Dividing Ridge
Station.

On the farm of Mr. Charles Johnson, there is an exposure
of dark clay resembling fire clay, in a well thirty feet deep.
The clay “sets in” five feet from the top and is eighteen feet
thick.

Across on the land of Mrs. Mary I.. Hawkins, a half mile to
the north and practically at the same elevation, there is a sim-
ilar exposure made by a shaft.

Iere the following section was taken:

1, Soil ........ Ceetasetereneeeatstettonnsatetantcnarannsenn 5 1t.
2. Dark clay
3. St. Louis Limestone.

This deposit is very persistent horizontally, but is likely
too fusible for fire proof purposes. It is plastic when wet and
might he profitably worked for tiling, sewer pipes, pressed
hirick, ete.
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TaE Moss KAOLIN FIELD.—VWhat is here termed the “Moss
Kaolin Field” is an area of several thousand acres in which
kaolin outcroppings and exposures are found. It is so desig-
nated because the most important and original exposure is on
the land of Mr. Philip Moss.

Over this field, we find the Conglomerate Sandstone immedi-
ately above the clay and the St. Louis Limestone only a few
feet below.

Beginning at a point on the ITammonsville and Munford-
ville Road, about three miles southeast of Bonnieville, and ex-
tending around the field to the north, east, and south, the farms
showing signs and exposures of kaolin of a similar variety and
in a similar mode of occurrence are as follows: Messrs. Samuel
Murray, J. 8. Knight Philip Moss, William Gibson, Samuel
Devore, J. R. Adcock, Charles Bolton, C. R. Bolton, James A.
Hodges and Wood Buckner.

On Mr. J. 8. Knight, small white outeroppings or pieces
of kaolin are found over the surface and through the soil around
the general level of the base of the Conglomerate Sandstone.
No definite bed has been located here, however.

In a similar manner signs are sbown on Messrs. William
Gibson, J. R. Adcock and C. R. Bolton.

On the farm of Mr. Samuel Devore there is a deposit. of red
ochreous material about three feet thick underlaid by an im-
pure, yellowish variety of kaolin of undetermined thickness.

The reports follow in regular order of the exposures on
Messrs, Philip Moess, Samuel Murray, Charles E. Bolton, James
A. Hodges and Wood Buckner:

TrHE PoiLir Moss Prace—Important exposures in the area
under consideration are the original ones on the farm of Mr.
Philip Moss.

Mr. Moss lives on a neighborhood road to Bonnieville, about
five miles southeast of that town. On his farm there are two
important exposures. The first is just west of his home, and
here a semi-circular pit has been dug about one hundred feet long
and ten feet deep, which gives a good exposure of the deposit.
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The following is a section here:

Conglomerate Sandstone
=\ Pink Clay and Ochre

_| Yery White Kaolin"

Brown Stained Kaolin

? oo ==~ —__"|FireClay

The St. Louis Limestone evidently occurs only a short depth
below the under clay, called “fire clay,” as shown by its level
at other places. It is not exposed at this point.

The quality of this clay is very similar to the material ex-
posed half a mile west of the described exposure. Here tle
following exposure was taken at a shaft:

1. Soil and Conglomerate pebbleS....cveeveeneernnreennnnns - 81t

2. Kaolin, slightly stained.....cvoeveennnreeeenenrennnnnnenes 8 ft.

3. Chert layer (segregations, perhaps).........ceoeeveennnns 3in.
4. Kaolin, slightly sta2ined......oveeeeeinenienieenereeennns 1ft.

T 7. 1 N 1% in.
6. Under-clay .vvviiiiinrinerneeneeeennenosennsansnensens e ?

This exposure is at the same elevation barometrically and
geologically as the one near Mr. Moss’s residence.

Experiments have proven this white kaolin to be an excel-
lent quality of clay for the manufacture of fine china ware and
porcelain,

Following is an analysis of the unwashed kaolin from the

shaft on the Philip Moss place, made by Dr. A. M. Peter, Survey
Chemist:

Per cent,
L G N 2.39
Tgnition (oo e et 12.68
531} L 48.09
Aluming ..o e e e e 34.66
b o3 T 1 T 0.78
e © et e e e 0.27
B 410 T 0.23
BT 0.74
LS R 0.30
THtanic 0Xide.  uuereeirreiiie i iie ettt iereeeeeanrnanas 0.25

100.39
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The foregoing @nalysis is of an averaged sample collected by
W.U. Grider from exposure No. 1. Sce remarks under analysis
of clay from 8. J. Murray’s place.

Following is an analysis of an averaged sample taken from
the long pit by Mr. Grider. Sample mostly white, soft and very
porous. One piece was much stained by iron.

Analysis of air-dried sample by A. M. Peter:

Per cent.

MOISEUT'® 4vuveererssnnnsseeaacencsnncenescscancssssonssosnces 2.71
=9 43 88 (4 16.69
SIlICA tvviveersorerenocacanonossnsonascansasansosnnansssnennse 42.32
AlumiIna ...oveeveciirieneneriiunecconconss eersserestsavenne 36.92
Ferric oXide .cveeeveeeiieereeneasnsearssssscsnsasssasnnnans 0.62
Lime ....ccocennnns e eeaeetecenassscenaoanannrannnn eeceeacas 0.21
MAEDESIA .vcveeeennereasatccsososccnsnssssaseasssassesscnsnse 0.08
POtASN +ivviveineenasenronsncosssseasacasecsessasessanananss 0.47
SOAB vevereerecansesossssasrecsnsonssssssnasosossasnnasssones 0.18
Titannic OXIde ..evveveeercrscneccreacecsecssasacsscncancas Trace
Sulphuric anhydride ....cccceeieeeeeececocroccaccscscsones Trace
100.25

THE 8. J. MURRAY PLACE~—The farm of Mr. 8. J. Murray is
on a country road or “shun pike” from Bonnieville to Munford-
ville, three miles southeast of Bonnieville.

A valuable deposit of kaolin has been exposed on this place
by a shaft about fifteen feet deep. The section here is as fol-
lows:

-] Soil

Soil, Sand and Clay

"7 stained Kaolin

White Kaolin

1000 i m e i e o n ==~ -] Stained Kaokin

No limestone nor sandstone is exposed at this point, but
according to aneroid readings the deposit is just above the St.
Louis Limestone. The clay termed “stained kaolin” is slightly
colored yellowish with iron oxide; probably not to such large
extent, however, that it can not be washed white, or will not
burn white. These purest white layers contain no injurious im-
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purities and require no admixture of foreign material in order
to make it suitable for the manufacture of fine porcelain or
china ware.

The hillsides over an area of four or five acres show signs
of this deposit.

Following is an analysis of the unwashed clay, by Dr. A. M.
Peter, Chemist for the Survey:

Per cent.

MOISEUrEe ..iveerercesirarensscsserecsocscnssonnonscossonses 2.99
=4 1 48 T ) 1 14.80
SHECA evereeenreneeerorenoaesasanasecsacsnnnanonosonanans 43.31
AIUMIDA chveiiiurieenneoanrcnaseeereanerncsasaanssnsnnnnes 37.93
Ferric oxide........ccvvvenennn.y e ereereceeerecaarsecaaeas 0.32
T 0.23
Magnesi® ..ovviviiiiriiiiriieiiitiatieieeicenieieneasans 0.13
Potash civieeiiiiiriiiiiiiiitiieitietirieiateaaraceinoens 0.25
B008 tuveieuirinnimenieiiniieiiictiiitraertteieatananencasnnas 0.12
Titanic 0Xid€.eeeeereerertenaecatirerenenrcncesrnancnnsnne .. 0.10
Sulphuric anhydride «ovvunnernnerneeneenenns P, A trace
100.18

The sample of which the analysis was made was taken by
W. U. Grider, and showed much iron stain. Some of the pieces
were rather hard and greenish-white.

Commenting upon the samples analyzed from the Moss and
Murray places, Dr. Peter says: “These ought to be fine porce-
lain clays, as they have nearly the same composition as kaolin.
Possibly they might be used as fuller’s earth, but this could only
be determined by practical test.” He also notes that the white
pieces are perfectly infusible, even in the thinnest splinters,
in the blowpipe flame.

TiE CHARLES E. BoLtoN PLACE.—Mr. Bolton’s farm is near
the ITammonsville and Munfordville Road on a neighborbood
road to Bonnieville, five miles southeast of that station.

The deposit here is interesting from a geological point of
view as well as a commercial one. The clay is kaolin stained
brewn near the surface by the leaching action of water. The de-
posit is about three feet thick, underlaid with ®fireclay.” The
“fireclay™ has a probable thickness of five feet. 'The exposure
is in a low valley er hollow between high hills, and at this point
the deposit is turned on edge almost perpendicularly. There
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is a dark humus soil covering the deposit horizontally to a
depth of two feet or more. On one side of the exposure there
are exposures of sandstone, and on the other side limestone; bui
the high hills around show only limestone cliffs. The occur-
rence and position: of this clay is difficult to explain. There are
no signs of faulting, but there has evidently been some kind of
disturhance; probably a local sinking which gave the deposit
its peculiar position at the point of exposure. It is likely that
the clay at this place is only the remains of the main deposit
once much higher up in the geological formation.*

- Following are analyses of the unwashed clay, made for the
Survey by Burk & Lyon:

- Per cent.

HydroSCopic MOIStUTe..v.ueereeerenreessrencroeroanncessnns 2.82
Combined water................ P 14.60
5 08 44.16
AJIMINA viiivnenrninnerenersersessosesernssassssonssssons 37.34
B 0 0 T s> 4 1 U= TN 1.28
55 5 4«1 0.25
MABNESIA +vueerrerenareneenrensossonensosssssnssssssenssnns Trace
Potash and SOA&......veeeveeeneenenronncneresesasassonsons 0.53
Titanium GioXiAe ..vvvviverenererenrareecaecsnssonsensasnns Trace
SUlPhUr trIoXIide. . coevrriieereenrarenecereranceesesessonsse 0.31
101.29

Relational analysis:

Clay SUDSEANCE.....cveeineenenaecenrarernsencsessenassnsss 97.98
QUATEZ ttetiitrernnenresnnreennsensesssnsossssssssasasssnns 1.8
Feldspathic QetritlisS....ueeeeeerreeacencnoroccernessnanoenns 0.17
100.00

THE JAMES A. Hobges PLACE—One characteristic of the
white clays of this section is that they break up into small an-
gular pieces when exposed to the weather. These pieces are
often found over the surface and mixed with the soil above a
kaolin deposit, and are known as “outcroppings.”

Nice outcroppings of kaolin are found on the farm of Mr.
James A. Hodges, near the Bonnieville and Munfordville Road,
two miles east of Bonnieville. On this farm there is a hollow
two or three hundred yards long which shows these particles of
clay around the inclosing hills. They occur along a belt, with

* The “disturbance” may be due to the subsidence of the roof of a former
cavern.—C. J. N,
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a perpendicular thickness of about eight feet. No pits nor bor-
ings have been made into the deposit, but the indications are
very flatteringly in favor of a nice deposit here.

The small pieces are of fine quality and very similar to the
material found at other places in the field. The deposit is at the
base of the Conglomerate Sandstone and here the following sec-
tion was taken:

1. Covered, Conglomerate pebbles and soil.

2. Kaolin “outcroppings’”...ccceiiieeerenreeracensrsnnencnne 8 ft,
3. Covered ...uviiiiiiiiiiiiiiettceccntecrancetnanonnnnan .. 30 ft,
4, Limestone, covered (St. Louis).

An analysis of this clay (unwashed), by Dr. A. M. Peter,
Survey Chemist, is as follows: .

Per cent.

MoIStUre veevviiniierercnecrennnonas seeens teesessasenan veee 3,77
Ignition (combined water and volatile matter)........... .. 15.76
£33 [ 37.86
ANIINA o iiiieiiieiieeetiiieneeieneneenenssonsensnses 35.94
Ferric oxide.ooisuiieiriiiiiiiiiiiiieenieennneenncennnnnnns 3.92
5T 0.74
MAEDESIA teeerirrernnnrreinseennreneonsnsensnanenss s 0.35
3112 P 0.37
LT Ceesescasaanetaretaataoeraananns 0.08
Phosphorus pentoxide......ovveveinerarrareacannennns PIREN 0.26
Sulphur trioxide and titanium dioxide.............n’.... Traces
) N 99.05

Dr. Peter makes the following comments on the analysis:
“The proportion of ivon is rather large in this clay. It could
no doubt be used with more sandy material to produce terra’
cotta of very delicate shades.”

THE H. W. BUCKNER PLACE.—There are indications of kaolin
on the farm of Mr. H. W. Buckner five miles southeast of Bon-
nieville. A small pit, about four feet deep, was dug into the
clay at this exposure, but no definite deposit was located. To-
ward the top the small white pieces were mixed with soil, but
lower down they were in prevailing quantity. The occurrence
is in the same geological horizon as the other white clay deposits
of this immediate territory; namely, at the base of the Conglom-
erate Sandstone. The surface is covered with soil and vegetation
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here to such an extent that no good section can be givem of the
deposit.

The above described places, all showing a similar variety of
clay and occurring in the same vicinity, have given rise to the
name “Moss Kaolin Field.”

THE SAMUEL (GOLDSMITH PLACB.—This farm is one mile east
of Dividing Ridge, on a country road to Munfordville.

There is a clay exposed here of the plastic variety which has
a pinkish-drab color with yellow spots due to iron. This de-
posit is in the form of a sharp anticlinal fold. A pit has been
sunk into the deposit on each sideof the axis only ten feet apart.
Above the clay there is eight feet of sand colored bright red with
iron oxide. It is from this sand that iron has leached into the
clay below, giving it a spangled appearance. Below the deposit
there is an exposure of St. Louis Limestone.

The following is the section at the exposure:

= | BT RRPP 11t
2. Red sand (Conglomerate) .....eeeceeeeeriencceaccosses 8 ft.
3. Pinkish-drab Clay....ecesencecronconsosascosasassssaeses b ft.

4. CoVEred .v.vveviveeesuosansasssssansssoscasssnans teesaan 156 £t.
5. St. Louis Limestone. .

This clay is free from grit and would probably burn to a nice
tile regardless of the iron which it contains.

THE 8. T. IsAAcs PLACE.—A deposit of plastic or pinkish-
drab clay is exposed on the farm of Mr. 8. T. Isaacs, near the
Bonnieville and Munfordville Road, three miles southeast of
Bonnierille.

In a shallow gully, the top of the bed is exposed only for a
short distance. An opening was made with a spade to the depth
of two feet, but the thickness of the deposit is not definitely
known.

There is something like the following section here:

1. Conglomerate pebbles and soil on hill.

2. Plastic clay, eXpoSe@....ccceveiaorccacrssacsnnroasonsass 25 ft.
3. COVEred .uveveeeicoeeesranossoassscnssnasnascsssnvssssne 26 ft.
4. St. Louis Limestone......eveeerccincstsoassencancscsnsse 3 ft.

This is a good quality of plastic clay doubtless for tiling,
earthenware, brick, ete. Near the surface the clay is somewhat
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gritty, but this is likely due to the sand having been washed
into it from above by rains.

THE (iEORGE KNIGHT PLACE.—This place is four miles east
of Bonnieville on a neighborhood road from Bonnieville to
I'renchman’s Knob.

The exposure here is on the side of a large hill. About two
feet from the top of the deposit, there issues a small spring, and
the drab plastic clay is exposed two or three feet on down below
the spring.

Small gullies around the same hill and adjacent hills show
very similar exposures.

The following is the section here:

1. Soil and PebbleS..ccvviirrirrrccrccrerosesessnssossasoes . 4ft.

2. Drab, plastic Clay...ccevveeirevnnroriesneieannneencssnes 2 ft.
Spring. :

3. Drab, plastic clay........ ettt rane e e . 3ft.

4, Covered.

Probably a valuoble clay for drain tiles, water conduits,
sewers, ete.

Tue J. F. axp J. W. GupbIE Prace.—This place is near the
Flammonsville and Munfordville Road about three miles south-
east of Ronnieville. There is an interesting exposure of clays
here along a small branch which heads at “Gaddie Spring.”
Along this branch we get the following section:

1. Congiomerate SANASIONE.....ccvevrrrorvossseancascsansne 40 ft.
2, Drab, plastic elay.ceesciveressreisrreneertssonsscaraneesns 15 £t.
Spring.

3. Shaly Jimestone. ..viiiviienieiieienoninnseoosancasnnnnnas 3 ft.
4. Dark, sandy Shale...vieeeicerieeiarcrnecasnnencennscoass 5 ff.
B. Covered ..iuiviviiiiiiacitiatieacionnseceneosannraanoenans 20 ft.
6. Drab, plastic €lay..cieiiieriiiernereieeeeenneencssancnnnss 1 ft.
7. Yellow, plastic clay..ccveiiiieiniieenneiierennsnenennsas 3 ft.
8. Covered.

The dark shale occurring near the top of this section is
composed principally of sand in a fine state of dn'lsmn—so fine
that the material is plastic when wet.

The plastic clays are sandy near the surface, but purer lower
dowr.
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THE G. R. THORPE PLACE.—This farm is on the Hammons-
ville and Munfordville road about three and a half miles north-
east of Bounieville and one mile southeast of Yabash. Two
deep intersecting gullies expose three different layers of clay
in a deposit here.

At the exposure the following section is exposed:

1. Soil and Conglomerate sand......ccecvevernecosnonnves 20 ft.
2. Yellow, plastic Clay..eccreeeeeererviocaroassnsoonsncnes 114 ft.
3. Pink, plastic €lay...veieereeiiiiioeeecntnecononvecannes 1 ft
4, Drab, plastic Clay...cceeereieeeenecennnccseccnnnonne .. 3 ft.
5. Covered.

The clay shows at other points on-surrounding hills at the
same elevation. This plastic clay is similar to other plastic
clays in this locality and valuable for the same purposes.

THE J. B. HobGeEs PLace.—Mr. ITodges’ farm is on the Ham-
monsville and Bonnieville Road and mile and a half east of
Wabash. The main portion of the farm is low, with St. Louis
Limestone exposures, but toward the south the land rises and
breaks into hills capped with Conglomerate Sandstone.

On the hills to the south, there are exposures of a very fat
clay of a drab color. The true thickness of the deposit is not
determined, but the following is a section of the deposit at 'a
cistern: . .

'\Conglomora!c Pebbles and Soil .

104t Covered
1 1 I | 1 I I I I 1 I [EEAN is Li
6 ft. T T T T i T T T T T T ﬁSt.LOUIs Limestone

In the days of early settlements in Hart county, this clay
was mined for the purpose of manufacturing hand-made erocks
. .
and jars.

Tueg J. CASWELL PLACE—~—This place is on the Bonnieville
and ITammensville Road about four and a half miles northeast
of Bonnieville and half a mile east of Wabash.
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There are several exposures here of a clay deposit. Gullies
along a ridge expose the different layers at numerous places
over an area of ten or fifteen acres, giving the following section:

b TR 1o 1 4 ft.
2. Drab, plastic ClaY...vvieeniiireerreerionceaconensaanaas 3 ft.
3. Pink, plastic €lay....cvviirecieieiinnnientecetnseneaaas 2% ft.
4, Dark, plastic Clay.vecveeeinineeeeernereerensnneaascanns 4 ft.
B, COVETed ..covvvenenenncenncocnsnacsassasensssoasnacnnen 15 ft.

6. St. Louis Limestone

These clay layers are very free from gritty or mineral im-
purities and are valuable clays for the manufacture of earthen-
ware, ete. The dark layer at the bottom of the gullies is a plas-
tic clay, but similar in appearance to the fireclays.

Following are analyses, made for the Survey by Burk &
Lynn:

Sample, a dark clay from farm of J. Caswell, on Bonnieville
and Hammonsville Road, four and a half miles east of Bonnie-
ville, Hart county. No. 4 of the vertical section.

Per cent.

Hygruscopic moisture.......cooiiiviniieiiiniinnneieninees 3.05
Combined water.....covvieierercrnnnncnnans reeeeeriereaana 7.69
SIHCR tiviinrrrieresnarsoiancssosnessoacnns tessretesioneons 56.73
Aluminag ....cvvevivnncnecccannnnsnns teeetscestsscasrasnaan 24.71
Ferric oXide....veiveeesiecsccercccnnnnns seesssessreceasnnn 3.72
LimMe vevreverinainnsaionansennnscaane sessassssasaceararenes 0.38
Magnesif ...vvieererriiirotititenttttttaterenncaresnannen 0.15
Potash and SOd8...ccviiininieeiriiiineeeeerancacncassansanes 3.04
Titanium dioxide.......ccivvnvieereeneecsosssrassnssacnnne 0.79
Sulphur trioxide......cccvveeeneecennne sresucssscesseesreaans 0.84
101.10

Analyses, ultimate and rational, of the pink plastic clay,
No. 3 of the section, are as follows:

Hygroscopic moisture....oviiiiiiireeiiiiererrerseneanennn 2.85
Combined Water. coo e vriireriereeenensrenesonnoesnsesenanees 6.96
S 1 U 60.52
AlUIMING tuveririreatnrorseaassasssanoranronsoansaasnoonnes 20.99
Ferric OXIde.eeeeriieeiieirareneaseiecesresesannocenennnnann 3.41
LIMe ceeviiiiieaniierinriinnesncsssresanteocasssonnasconans 0.21
Magnesia ...coieeviiiiieiieieiiiiitancittetracanenan et 0.14
Potash and S008....ccvvriiiriireesecrtcccnsesancseonnennnne 2.85
Titanium dioxide...vveeniiiiiriieinirieiiireeareneneecnnnns 1.10
Sulphur trioxide......iciiiiiiiiiiiiiiiiiiriceneaneceonenesn 0.49
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The rational analysis gives:

Clay SUDSEANCe..cvvererrnneserrscasrsessassccsasasenscscnes 66.35
QUATEZ teveevescssesonescacsansasnssacssnssnsosanssnsssncns 30.64
Feldspathic detritis....ceeevierevecroricarecncsnscssccnseses 3.01

100.00

THE JAMES RIGGS PLACE.—MTr. Riges lives near the Bonnie-
ville and Priceville IRoad, about three miles west of Bonnieville.”
On this farm there is an exposure of plastic clay of guod qual-
ity. Around a large hill east of his home, there are exposures
of what seems to be an extensive deposit of clay.

There is something like the following section here:
1. Hill, covered with soil and sand.

2. Drab, plastic clay...ccveevnrenrrenrsrorescencaracnnnnons 15 £t.
3. COVEred ...vvevercrcccannsasosorsosnvescnsoncocascananns 10 ft.
4. St. Louis Limestone......oeeivireiererocerncnconnnancess 14 ft.

This clay possesses a fine body. It is very plastic and little
mixed with foreign impurities. The color is a light drab and
but for its plasticity might be taken for impure kaolin. This
ought to be an excellent clay for the manufacture of tiling, con-
duits, flooring, etc., and possibly encaustic or vitrified wares.

THE STAMP-CLARK IExrosuRES.—These exposures are just
outside the town of Bonnieville, to the west on either side of
the Bonnieville and Priceville Road. There are exposures of
a deposit here which is more interesting from a geological point
of view than from a commercial one.

These exposures are in the plane of a normal fault. The St.
Louis Limestone and Chester Sandstones are turned on edge and
a displacement occurs of about one hundred feet. This clay de-
posit was formed before the disturbance took place and is faulted
in a similar way as are the strata. The fault plane or strike
runs in a northeast and southwest direction, dipping southeast.
On the west side, next to the St. Louis Limestone, there is a
deposit of plastic clay turned on edge, with a thickness of two
feet. This deposit is exposed to the north of Mr. J. M. Stamp
and to the south of Dr. J. H. Clark. The clay is a very impure
variety of drab, plastic clay, and is neither in sufficient quantity
nor in a favorable position to be profitably mined. The deposit
is evidently very old and certainly of sedimentary origin.

»
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THE ELIzABETH WILSOX PLACE.—Mr, Wilson’s farm is on
the Bonnieville and Cub Run Road, three miles southwest of
Bonnieville,

On this place there are very marked exposures of a clay de-
posit, us shown in several gullies cutting across a ridge.

The following section was taken here:

1, SandStONe ..iveerieieerrccrrerastsncancorescrsctnocenone .. 30 £t.
2. Brown, Plastic Clay.....covevieeeiieencrecncnocannns oo BEL.
3. Covered.

This clay contains a considerable percentage of iron and
manganese, and will doubtless burn red, in which case it might
be valuable as a brick clay or low grade earthenware.

THE J. J. IlobGES PLACE—A deposit of impure yellowish
kaolin is found on this farm, but is quite limited in quantity.
This farm is one the Bonnieville and Cub RRun Road, four miles
southeast of Bonnieville, The deposit here is only about one
foot thick and is exposed in a large gully which cuts through
the Conglomerate down to the St. Louis.

The following section was taken here on the side of a long
ridge: :

1. Conglomerate SandstOne ..........evvvvevecrennncennones 20 ft.
2. Yellowish KaoliD. ..uiieineireniininiiererennncersereneees 1 ft.
3. Covered (Ted SANA) ...uieeeeiieeenesseeereesoaacnsasnnsee 10 ft.

4, St. Louis Limestone.

This clay seems to be a good quality of kaolin and could pos-
sibly be washed white, but it is not in sufficient. quantity to be
of commercial interest,

Tne WiLLiaM Priopy Prace—Mr. William Priddy lives
in Hart county on the Upton and Priceville Road, albout six
miles west of Upton. .\ pit has here been dug into the clay,
but no definite deposit has been located. The material- occurs
in irregular layers at the top of the St. Louis.

The following is the section here:

1. Conglomerate pebbles and sand......c.veiievneeneenonnnn 20 ft.
2. Plastic clay and yellow 801l....viieiinenreennnnnneenneens 5 ft.
3. St. Louis Limestone.....vvieeneneiinnrernnerernecnnnens 6 ft.

This clay is of a drab, plastic color and contains a great

~
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quantity of gypsum crystals. These crystals set thickly through
the layers, giving it a granular and glistening appearance. On
two or three of the immediate hills at the same elevation, we
get similar exposurces of the same deposit.

THE J. L. ARTTERBURY PLACE.—This place is on the Upton
and Priceville Road, three miles southwest of Upton.

There is a deposit of drab, plastic clay here between the St.
Louis Limestone and the Big Clifty Sandstone. The clay is
exposed at several points along a long ridge. At a pit sunk at
one place, the following section was taken:

7] Sand and Soil
3t -~ gﬁ’ Plastic Clay

ale
-| Dark, Plastic Clay
Shale at Bottom of Pit

20 ft. Covared

CT T T T T T T T T T T\ SttousLi
o T T T T T T T 1T TN\
I | I I I I H | 1 T I | \

This is a very impure variety of plastic clay, being mixed
to a large extent with iron and manganese oxide.

Trae J. S. PripdY PLACE.—This farm is on the Upton and
Priceville RRoad about three miles southwest of Upton.

The following is the section at an exposure of drab, plastic
clay on Mr. I’riddy’s place:

1. COVEred ..oveverrverrencncesroacncacnsscncannnneons .e b ft.
2. Drab, plastic Clay..ceeieiieeiiiineenereneosncoonnsnas 3 ft., 8 in.
3. Covered ....icvevvunnn Seettereitiieresiiiisasans cees 30 ft.

4. St. Louis Limestone.

This clay is a very similar material to that found at numer-
ous places in this territory. At the top the deposit is colored red
by iron oxide which has leached in from above. Toward the
bottom, the deposit is covered with soil and vegetation to. such an
extent that the entire thickness was not accurately determined.
The amount of impurities present is probably not large enough
to injure the clay in the manufacture of tiles, sewers, ete.

THE YW, G. W. BUTLER PLACE—DMr. Butler’s farm is about
two and a half miles southwest of Upton, on the Upton and
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Priceville Road. The Big Clifty Sandstone occurs here in reg-
ular position above the St. Louis Limestone. Along a drain
which cuts across the exposure, we find two similar deposits ex-
posed. One near the top or just above the Big Clifty; the other
at the base next to the St. Louis Limestone.

The following is a section including both deposits of plastic
clay:

1. Layers of Chester sandstone..........cvvevecveeescnsoes . 20 ft.
2. Drab, plastic clay....covviiiviiinineiininnrnceneniacanes 10 ft.
3. White, sandy shale......ccveiiiiiiiciiiiernrnennnrasnens 2 ft.
4, Big Clifty Sandstone..........ecvvvvveens e reseenaans 75 ft.
5. Drab, plastic €lay...ieereieiiiornnnreeiiesrocecencconcans 10 ft.
6. White, sandy shale.....ecciiriiiiiiirinnncneneeneennens 2 ft.
7. St. Louis Limestone.....ccoviiiiiervireicecseesesccases 6 ft.

The clays of these two deposits are very similar. DBoth are
underlaid by similar white, silicious shale. There are no signs
of faulting, however; this similarity is merely a coincidence.

The clay is of excellent quality and very free from any physi-
cal impurities.

Following is an analysis of the crude clay, from the upper
bed, No. 2, by Dr. A. M. Peter, Survey Chemist:

Per cent.

MOISHUTE tivieinineirerentoresrareneenneneneennasssccnannnn 3.04
Ignition (combined water and volatile matter)............. 6.05
£ L ARt 61.90
AlUIDINA teniiiiiiiii it e i ittt it e raaas 19.17
Ferric oXide..eosiieriiiririniieireeanseeneenonescnanennns 3.69
LiMe ovrtiiiiiiiiiiiii ittt e it teenettreacanrrananan 0.54
Magnesia ...oivenniiiiiiiiiiiiiiiiiieiiriirr e 1.20
Potash ...iiiiiiiiiiii i i i et i ittt et 2.93
0 - e 0.11
Phosphorus pentoxide.........c.cvveenn.. Becereeonarnoanansn 0.08
Titanium dloxide..iiirriiiiieereiinieerrereeeerennoencannns 1.14
Sulphur trioxide......c.ioiiiiiiiiiiiii ittt ii i, Trace
o we. 99.85

Commenting on the analysis, Dr. Peter says: “This clay
should be excellent for making builders’ brick, tiles, ete., or for
Portland cement.”’

THE .J. H. PripDY PLACE.—Mr. J. H. Priddy lives about four
miles west of Bonnieville on a neighborhood road connecting
from Bonnieville with the Upton and Priceville Road.



TYPICAL PROSPECTING PIT. J. H. PRIDDY PLACE, HART COUNTY.
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A clay deposit is exposed here as a rim around the top of a
high knob known as “Priddy’s Knob.” The clay is plastic near
the top, but becomes lighter in color and more like kaolin to-

ward the bottom.
The following is a section at a shaft on the side of the knob.

Conglomerate Pebbles and Soil

3l Drab Clay, Purer Downwards

Brown-Stained Kaolin

=] Clay and Oxide of Manganase

This is quite an extensive deposit of c¢lay and doubtless a
valuable one. Although it is probable that this clay could not
be washed to a sufficient degree of purity for the manufacture
of fine china, yet it is of excellent quality for a lower grade pot-
tery, tiling, etc.

THE 8. S. HopGES PLACE.—This farm is near the Hammons
ville and Munfordville Road, about five miles northeast of Mun-
fordville.

In a field west of Mr. Hodges’ home, there is a low depressed
hill surrounded by higher ones. This hill and the ones around
show exposures of St. Louis Limestone from base to summit.
Around the top of the central high land there are signs of
kaolin.

We get the following section here:

1, Covered (chert and soil on hill).

2. Layer of iron carbonate.......cocveeteecrinnceccnonnsns 4 in.
3. Laminated sand and Kaolin......oovevreercnnnnnennnnnns 315 ft.
4. Space, with small outcroppings of kaolin.............. 17 ft.
5. St. Louis Limestone.......coe: toiiiiieretneceannacans 6 ft.

No definite deposit has been located here, and it is very prob-
able that the particles are only the remainder, or inheritance
so to speak, of a deposit that once existed here at the top of the
St. Louis.

TaE ALBERT HODGES PLACE—DMr. Albert Hodges’ farm is
near the Munfordville and Priceville Road, about four miles
northwest of Munfordville and two miles west of Dividing

Ridge.



46 GEOLOGICAL SURVEY OF KENTUCKY.

There is a clay exposure on this place at which the following
section was taken: :

1. Soil and vegetation.......coviieniiiininiiirenenenennanss 3 ft.
2. Yellow, plastic clay.civeeierrenrrerennieresienccennnns oo 2ft.
3. Dark Clay.vveerreerarrsconescsecuesssssrasocancasenancnns 2 ft.
4. Covered.

The thickness of this dark clay below is not known, but it
probably is three or four feet. A thorough examination could
not be made on account of the exposure being along a spring
branch where water interfered. The plastic clay is of good
quality, so far as the body of the material is concerned, but con-
tains a considerable percentage of iron and manganese perhaps.

THE JAMES LoGspoN PLACE—The exposure of clay on this
farm is along the Munfordville and Cub Run Road, about four
miles west of Munfordville.

There is a bold hill at this point which is capped with Con-
glomerate Sandstone.  On the side of this hill, at the base of the
named formation, there ave gullies exposing only partially a
clay deposit. The thickness can not be accurately determined,
on account of soil covering, until a shaft or boring is made. The
clay is of the plastic variety and has a pinkish drab color. On
account of the covering, no definite section can be given at this
depsit.  Indications, however, favor a nice deposit of plastie
clay at this place.

Tur JEsSE CRADDOCK PLACE.—Mr. Craddock lives on the Cub
Run and Priceville road, about two miles from Cub Run.

At numcrous places on his farm there are exposures of a de-
posit of yellow and drab plastic clay. The deposit is at the top
of the St. Louis Limestone, giving at the exposure a section as
follows:

20 ft. Big Clifty Sandstone
5 ft. T TS ;_:_\_; /_\_-’:'TAYellow. Plastic Clay
fo o o ——\Drab, Plastic Clay
10 ft. Covered
aft — L 1 — —1 1 ! —1 — I \St- Louis Limestone
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This clay is very “fat,” or plastic. It contains a consider-
able percentage of iron oxide apparently, and some oxide of
manganese. Possibly a good material for the manufacture of
earthenware, pipes, ete. The deposit underlies several acres of
good land which bears an excellent growth of timber,

THE J. M. WILKERSON PLACE.—Mr. Wilkerson’s farm is near
the Munfordville and Leitchficld Road, about four miles west
of Munfordville and two miles west of Dividing Ridge Station.

Several acres on this farm are underlain by kaolin at the
hase of the Conglomerate Sandstone, On the slopes the surface
is covered with small white pieces which break with a con-
choidal fracture and adhere-strongly to the tongue. These
pieces, or outcroppings, show along belts about ten or fifteen
yards wide which is a perpendicular thickness of about ten feet
on these slopes.

Small pits have been dug, but not to sufficient depth to show
the true nature of the deposit. Some of these shallow pits ex-
posed pieces from the size of a bird’s egg to six inches in diam-
eter. These pieces are very pure, white kaolin except for slight
stains on the outside due to iron oxide. .

There are few exposures here of the rock formations, but ac-
cording to barcmetric readings the St. Louis Limestone is only
a shoert depth below.

Following are analvses, ultimate and rational, of this kaolin,
made for the Survey by Burk & Lyon:
Sample, a white clay with iron stain on fracture:

Per cent.
Hygroscopic moisture............. et eeeiietsateerraraanoas 4.70
Combined water.......... tetesivessensassreresenarsanaaasne 14.23
Silica ....... N RN Ceanenaes 42.40
AIUMING oiioiieeirnaetroteasescrsaesssecsssscossnscancnas 36.70
Ferric oxXide. . .ovireiiiiiieninrererenerecronossnnneres veees 1.34
Lime ..ovvvneennnnn hedracecssassessianananes eesaese e 1.04
MagnesSia ...c.ivciiiiieiieereterreeectrntntrerocaentieann Trace
Potash and soda............... Weteereiesereaesessannans .. 0.36
Titanium dioxide........ccveveeneaanne eteeasee vessssasanss Trace
Sulphur trioxide........... ereneaeas R 1 1
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The rational analysis gives:

Clay SUDSEENCE..0vecerrrrerniecrnrreceinronnsscocsasnnnns 99.21
[ 2 0.47
Feldspathic detritusS..ceeveereriircierereeeenrereneesonones . 0.32

¢ 100.00

The following is the analysis of a hard clay of bluish-gray
color from the farm of Mr. John Wilkerson on the Munfordville
and Leitchfield Road near the farm described as the J. M. Wil-
kerson Place. The clay is of unknown thickness, but very thick.
There is probably something like forty feet of this hard, shaly
clay. A deep pit was once dug into this deposit, but was not
accessible at the time of the examination:

Hygroscopic moisture.....covveiiiiiniiiniiiiiiieaneecennes 3.34
Combined water..... Ctetsceeersttenstesstrreacancarancnne .. b.24
137 1 T N 64.68
AlUMING .ouiiivvirerinseerasrrsssssstsvenoesecesceccannanse 17.35
D=3 ¢ ¢ (o 2.9 U (- TP 3.29
Lime coovvinninriennececnneannss eeeeresesesereteretecarens 0.26
Magnesia c.ooeiiiiiiiiiiii it it c i ettt 1.09
Potash 8nd S0&....ciuiiurienrinenneeeneneeeeennonnnennnns 3.74
Titanium dioxide......cccveviiniiieirirnenveneneearennnnns 1.06
Sulphur trioxide....virericieeiieineennnroseeecneeeaenanns 0.28

100.33

Edmonson County.

In Edmonson county we have represented all the rocks of
the Carboniferous Period from the St. Louis Limestone to the
Coal Measures. :

Over a considerable area in the eastern, southeastern and
southern portions of the county, we find the St. Louis Limestone
as the surface rock, and it is over this area that the best farm-
ing land is located. This is the massive cavernous limestone in
which Mammoth Cave and other smaller caverns of that region
were formed.

Over the central, western and part of the northern portions,
the members of the Chester Group are exposed and
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capped by the first members of the Coal Measures, the base
of which is the Conglomerate Sandstone.

In the northwestern portions the higher members of the
Coal Measures appear, and with them the coals. The first of
these coals has been found of workable thickness at places.

Over the area of St. Louis Limestone exposure, there are no
clay deposits, with the exception of the red clay resulting from
limestone decay.

The survey of the clays of this county has not been complet-
ed, but those examined were in the Chester Group; some of
them just above the Big Clifty Sandstone; others at the base of
the Conglomerate Sandstone. Doubtless, in the continuation of
the work, clay deposits will be found at places between the St
Louis Limestone and Big Clifty Sandstone.

Following are reports of the deposits examined:

THE E. P. SANDERS PLACE—DMr. Sanders lives on the
Brownsville and Bowling Green Road, about four miles south-
east of Brownsville and two and a half miles east of Green
river.

Around the end of a bold ridge across the southern part of
his farm, the surface shows numerous pieces of kaolin made
almost black by the percentage of manganese oxide. On the
steep slope these pieces show along a belt about ten feet wide.
A shallow pit was dug into the material, but no definite deposit
was located here. The soil is very dark and thickly set with
pieces frem one to six inches in diameter. A luxuriant plant
growth testifies as to the fertility of this soil.

The following is the section here:

1. Eroded Conglomerate on hill.

2. COVEred ....ceceerneacccsroscscsaacsssncancsacsscccncens 30 ft.
3. Dark soil, with manganese and kaolin..............c..... 5 ft.
4. COVEred .ivvevivnrerosioscecsnasssonacsncnsacaansocnnnes 10 ft.
5. Gray Limestone of Chester Group......cveececcvsssncccns 7 ft.

THE JoHN WELLS PLACE.—This farm is on the Brownsville
and Bowling Green Road, three miles southeast of Brownsville.
At this place there is a thin stratum of coal underlaid by dark
clay which eccur in the Chester Group near the top. This is a
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very persistent coal and clay; the two are exposed at numerous
places over the county. )

A typical exposure at this coal is shown in the following
section, reading downward:

1. White SandStONe....ceeveeerrrrsreeeconrscsasccassoancnns 20 ft.
2. Brown, grained limestome...............covveeinneenes.. BHIL
3. DArk Shale..seeeecroconnsosesasesrsensrocesssnsososoonns 6 in,
4, “Dark, shaly clay”..coeeeeiiienniieanniiiinrieceacrannns 2 ft,
B, €Ol seeerennunsasanererroncoaasnsoasansonsasssscasssonss 1in
6. Dark, shaly clay...coeveeiioeseseevrenetoacnerotnannsnsns 3 ft.
7. Covered ....... S R 10 ft.
8. SaANAStONE” t.veviveiiiieiiiiatserecttatiiearonraaanaaaae 20 ft.

This material is on the order of a clayey shale and to some
extent resembles a fire-clay. It contains a vast amount of im-
purities and is easily fused. The clay is apparently the same
above the coal as below.

THE CHARLES B. HazeLiP PLacB.—This place is on a neigh-
borhood road two miles southeast of Brownsville and one mile
east of Green river. Near Mr. Hazelip’s dwelling is an exposure
of clay at the foot of a high Conglomerate cliff.

The following section was made there-

{| Conglomerate Sandstone

_] Spring
[~ Yellow Sandy Clay

1 Fire Clay

Gray Kaskaskia Limestone

This yellowish clay contains a large and probably injurious
amount of sand. The dark clay below is quite free from grit,
however, and it is from above this impervious bed that the spring
issues. This clay would probably prove valuable for the manu-
facture of earthenware. A mixture of the two clays would be

hetter than either one taken separately, for the top layer is prob-
ably too lean and the lower too fat. ’

THE JouxN T. B. STICE PLACE.—Mr, Stice’s farm is on a small
neighborhood road one and a half miles south of Brownsville
on the east bank of Green river. At the east side of his farm,
one-half a mile from the river, there is an interesting deposit.
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Here there is a long hollow with bold ridges on either side.
Along these ridges, at the base of Conglomerate cliffs, there are
outcroppings ‘or small white pieces of clay. At one point, a pit
was dug into this material to the depth of seven feet. Beneath
the surface the pieces were more waxy in appearance. Deeper
down, the material becomes brown and hard, resembling
bauxite. :

Analyses have proven this waxy material with a smooth
conchoidal fracture and the white particles above it to resemble
indianaite, and the material below to be a mixture of bauxite
and wavellite. The one changes very gradually into the other.

The following is a section at this cxposure:* -

70 ft. Conglomerate Sandstone

11t =1 White Particles

it
&Qllow and waxy (Indianite}
i Mixture Bauxite and Wavellite
Covered showing latter
on sutface

4t
21,

10 ft.

)
2t — L1 1 I L T T\ Kaskaskia Limest

This material is stained with iron oxide to some extent on
the outside of the picces. The indianaite is found in pieces from
the size of a bird’s egg to six inches in diameter. The mixture
of bauxite and wavellite occurs in chunks or boulders from
six inches to a foot thick.

IFollowing is the analysis by Dr. A. M. Peter, Survey Chem-
ist, of the white material at the top:

) Per cent.
MoOiSture ..cveeeeenvenccarescassnsassnnnns teeesesssacaseeses 5.15
Ignition (combined water and volatile matter)............. 14.52
Silica ........ cevacsen Ceesecenecesiraseaanas teesseceassnaas 42.40

T 113 ¥ T T | 13 §
Ferric oxide.................. Ceesaansenn [ oo 0.45

B % 1 1+ - P Ceresecrsanenaan vesees 0,38
Magnesia .......000aen teseseasnssesssttesnnsonsans veseeess 0.53
Potash ....cvvvivvenininrcnnnnns eerasacasreinanan veesseerss 0.09
[0 T T T eresaesaanes tevrsenssee.. 0,08
Phosphorus pentoxide............. RPN earaeasana veeess 0,20
eeeivasessssnesaontecasasonnans Traces

Titanium dioxide
Sulphur trioxide te

L4 10 7 s {11 N 1) §
* For “indianite,” In the cut, read “indianaite.”—C. J. N,
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The following is the analysis of the waxy material:

Per cent.
MOISHUTE® vveeuvrercecsssssssssssvssanvassesoasssessosasasss 6.84
Ignition (combined water and volatile matier)............. 13.84
SIlICA voeveeesevvaseroorossonsossoassasssonansacsssssossssns 42.42
AlUMINA cveveeeresoosanansonssessaasossesssannsonssncanse .. 35.20
FeITIC OXIQ@.cvereenrroacrveanrcssrsasasessnnessacosssneanes 0.64
7 V- 0.34
M2ENESIA v.vervuerentscnnsscnnnssecsssonssssscsassesncoasas 0.53
POtash cocervvraveverraoresacasorsasssssossonssesssessoanas 0.23
SOUR vevvveerennraeeoronssocerssrasssssassssonasassasossons 0.09
Phosphorus pentoXide......veveeviresvacsssensencanscacnnes 0.22
Titanium dioxide
Sulphur trioxide } .............. Ceeeaeseceacenaenenranns Traces
1T 100.35

Pollowing are Dr. Peter’s comments: “This has substan-
tially the same composition as the white material of the first
analysis, The analyses are close to these of the indianaite of

E. T. Cox.”?

An analysis of the hard brownish material at the bottom is

as follows:

Per cent.

MOISEUNE vevcieenrernersncrsonsonaseecsancnancscanossnssnse 13.65
Ignition (combined water and volatile matter)............. 20.92
SHHCA ceiriienininerenieerecasssarsnnessotnsasoacsssasanens 20.04
ANMINA tiiivirirtierarerereccarsosrosecsasscccassssasannes 40.53
Ferric OXide. e eirienireansnnnreenoasonsosonecsnsasccaansns 1.24
LiI@ tieivteecrnssnrssssscsscssorsnssssasssssonsnnnasaasans 0.36
Magnesia ...iiiieiiiiiiiiiiiiiiititittiiicctastataenaannen 0.40
0T € )« Y 0.31
SO0 tievtiirreireteansosasascanncesronsassnreannestoneanas None
Phosphorus pentoxide......... e teeereeesestetarasntaneans 3.75
THADIUM  dIOXIAR. ¢t v vsnseernernrnenseseennneseneesnssens A trace
Sulphur trioxide....cieeeirirerenenrrnseirresasscsessnansse 0.27
B 101.47

Dr. Peter comments on the material as follows: “Possibly
a mixture of bauxite and wavellite.
ing and deserves further study.”

The material is interest-
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THE W. B. PARSLEY PLACE.—This place is about
northeast of Brownsville and three miles from the
Nolin river.

58

five miles
mouth of

On this place there is a deposit of clay exposed by a ditch

about fifty yards long.

This diteh was made in search of as-

phalt rock, but not dug to sufficient depth to expose anything

but soil and clay.
The following is a section here:

B 1Y | O erereeeaens 3 1t
2. Light colored plastic clay....ceeeeeerierecreannsncncnns 314 ft.
8. Covered ......cviiiviintiieiiieiiiriiitiartenranaianas 10 ft.
4. Chester Sandstone (bituminous)......ccceeveveesnecess 4 ft.
In this sandstone exposure there are signs of asphalt, but

considerable work is necessary to show whether or not it is

present in paying quantity.

An analysis of the clay, by Dr. A. M. Peter, Survey Chemist,

is as follows:

Per cent.

MOTStUTe v.vieeiiiiiiicntnnesersonncosocesscsonsasnsssnnnss 1.79
Ignition (combined water and volatile matter)............ 6.36
SIHCA tvvivereiiinineeessveassessnasnssessssosassasosssnnes 64.36
AlUMINA i viireiireienareessesosessnssansassssessscsasasns 20.90
Ferric oXide..cvereieiiiieriieseeaeriacesnssasrassasncsnnnss 1.39
5 0 ¢ - 0.40
MAERESIA cvvvieciieenecntiocasesnecassscesonssesansssssonne 0.69
POLASH cevvieenecasoarosoanssssonossacasasssesssasassssnsans 1.88
£ 0T - Y Y 0.17
Titanium dioxide.....ccoveeiiiiriiiiiieiiiiiriiiienennnees 1.32
Phosphorus pentoXide.....ccceieeeiiireiisenieesaroanseanas 0.06
Sulphur trioxide .....coieieneeriercasncecerasessacssncnsnans Trace
Total.cuuveevesrssascscecsssonasccascancoanns serisessaaaes 99.32

Remarks by the Chemist: “This clay should be quite refrac-
tory, and, being quite sandy, should shrink very little in burn-

ing.”
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The Larue-Taylor Field.

This territory, which, comparatively speaking, is of small
area, lies along the boundary of Larue and Taylor counties, in
the neighborhood around IHibernia postoffice. Hibernia is lo-
cated on the boundary line of the two counties, about fourteen:
miles east of Bulfalo, in Larue county, and about nineteen miles
northwest of Campbellsville, the county seat of Taylor county.
The boundary line of the two counties, at this point, follows
the crest of a prominent ridge running in a northeast-southwest
direction. Along this ridge runs what is familiarly known as
“the ridge road™ from Buffalo to Campbellsville. This ridge,
at the locality under discussion, is capped by the weathered
remains of the Conglomerate Sandstone. The clay exposures
of the neighborhood, worthy of notice, occur at the base of this
formation, occupying the same relative position as the kaolin
deposits of Ilart county.

Although the district is one of limited extent, the clay occurs
in deposits of considerable quantity, both vertically and hori-
zontally, and, everything considered, the field offers some good
propositions. It bids fair to usher developments into the sec-
tion such as will be of material value to the immediate neigh-
borhood and a credit to the State. At present, the most avail-
able point ¢f railway transportation is Hodgenville, the county
scat of Larue county, a distance of about sixteen miles, on a
branch of the Illinois Central Railroad. Campbellsville, on a
branch of the Louisville & Nashville railroad, is about an equal
distance from the most easterly exposure of the field, but is
reached by a much rougher wagon-way.

There are no exposures of Chester Sandstone nor Chester
fhale in this part of the State. The Conglomerate Sandstone
has, apparently, been superimposed directly upon the limestones,
shales, and cherts of the St. Louis Group.

The kaolins cf the district are related to. this prominent. un-
conformity between the Subearboniferous series and the basal
formation cf the Coal Measures. In just what way the deposi-
tion was brought about is yet a question. The clay occurs in
bedded deposits exposed around ridges and hills at practically
the same clevation at all points. The writer has advanced and
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supported the theory that these deposits were laid down in an
inland sea or lake, previous to the deposition of the Conglomer-
ate Sandstone; that they are younger than the formations on
which they rest and older than the Conglomerate according to
the law of direct superposition of strata. If this be the case,
then the deposits are continuous as horizontal, lense-like beds
cutirely through the hills and ridges, in a similar way as occur
the deposits of the Mississippi embayment region of the State,
in the counties of the Jackson’s Purchase, or as the fire-clay
depesits of Carter county. The latter clays occupy the same
geological position as the kaolins of the IHart, Taylor and Larue
fields, and have been proven to occur in horizontal beds in a
similar manner as coal seams or as other under-clays. This
itheory of occurrence has never been tested for the kaolins of
the district under discussion, because of the lack of develop-
ments in the clay-mining industry on the one hand, and on the
other hand the lack of preper boring or drilling equipments on
the part of the State Geological Survey.

1f the theory does not prove valid, then the clays perhaps
occur only as rim deposits, having been laid down as flanking
beds of marine or fluviatile origin, or else collected as residues
by the leaching action of water passing down through the, por-
ous Conglomerate Sandstone and following horizontally to the
surface aleng a more impervious stratum at the base. Not a
great deal of tunneling or drilling will be necessary to prove
the real character of the beds and censequently the mode of
origin.

In the Larue-Taylor field there are deposits of clay of vari-
ous shades of color and degrees ef purity which are known to
be plastic clays of residual origin. These deposits are entirely
a different prepesitien from the kaoling, however, and will be
discussed under a different subject-head.

TiE Kaornix LEXPOSURES.

THE TrO0MAS J. TTAsH ProrErRTY.—This property is in Tay-
lor ccunty, but borders on the Larue county boundary to the
north. Mr. Ilash is the owner of a small store on the boundary
line, at which is Iocated the post-office known as ITibernia.
On land owned by Mr. Hash, at a point about one hundred and
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fifty yards south of his store and dwelling, there is an exposure
of excellent clay. This exposure is along a spring branch which
flows out at the hase of the Conglomerate Sandstone. The ques-
tion naturally arises, Is the spring a result of the clay deposit
which the water encounters on passing down through the Con-
glomerate, or is the clay deposit a result of deposition by the
spring? The former seems to be the true condition. In the
first place, if the deposit were formed by the spring branch, one
would expect the bed to contain alternating layers of gravel
and sand from top to bottom. As a matter of fact, borings
show that sand and gravel occur only at the surface. The sur-
face sand and gravel form the spring bed resting on the clay
deposit at this point. This gravel is a result of concentration
of pebbloq from decay of the Conglomerate Sandstone; the
sand cementing the pebbles is broken loose by contmued ex-
posure to atmospheric agencies and washed away, leaving the
quartz pebbles quite thickly scattered over the surface. At
places this gravel has been accumulated to a considerable
amount and may be easily mistaken for old river deposits.

Again, that the clay is not residual from spring water is
shown by the fact that c¢lay is found at the same elevation across
a ravine to the east and also on the opposite side of the ridge
on property belonging to Mr. T. J. Nelson. This ridge runs
to a height of from seventy-five to one hundred and twenty feet
above the clay level. These latter exposures are in no way re-
lated to the spring branch mentioned above.

At the first mentioned exposure along the branch, work with
a post-hole digger and auger revealed the following section:

Ft. In
1. Bluish sand and gravel......covenveeeninvnnenennnnnnns 2 0
2. Brownish clay .......ccvuuun... Ceeenersrieaaanne 3 in. to 4
3. Very white clay..cviieniieiireesieneseseosncnneennrans 10

4. White clay, slightly stained yellow ..................... 11 0
5. Bottom of boring.

The quantitative analysis of layer No. 3, as made by Burk
and Lyon, follows:
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Per cent.

Hygroscopic wWater.....cvveeieiiisrnsssrsrcscsvecssscenses . 3.82
Combined Water'....oeeeeeirirareeneneoenasscsseosscssosvans 12.10
SIlICA vvveererearetsracnreceaesrsoensonnasasasssanssarennns 49.14
AJUMINA .virinennrerecotecetsasseararasssssnsssesssanosos 32.24
Iron oxide (Fe.0,).cuueiiriurerenrierasernnnenrrcessanncanns 1.40
LiIE v vceveeeoanancaaceoneacaaasesansssncssssssassonssonns . 0.61
MaEneSiA .oceesocnciacessceocsassssnssnssassorvonssnssanns 0.09
Sulphur trioxXide.....cveiiiiiiiierririenerreneseoneosssnnnns 0.24
ATKAlIES tuviereneirrinreaiesnaenssseoscsssesscasconsonsasess 1.26
Titanium dioXide.....oeeveeniriiiierinsererrerocrenansrenes 0.01
B 7 5 100.91

The rational analysis of the above clay, made by Burk and
Lyon, follows: :

Per cent.

Clay suUbStanCe....civiiiiriiecneesaonsacanssccccosssssnones 82.75
Quartz ....... e vnoesnasasossacnosasssnsansnsacssanssonsone 16.06
Feldspathic detritus.....ccceveisaneneesearseracasessocansses 1.19
100.00

The quantitative analysis of layer No. 4, made by Burk and
Lyon, follows:

Per cent.

Hygroscopic Water....oeovecitsooetecsasasccscssosocsasnasss 2.71
Combined water......... e eseececenettessetarestesanraanrnn 15.66
Silica ....ccvcenennn N ecsenesecncssuseasnesssusnereseassnns 43.64
AlUIRING .vevvecervercocsncnensessasnsnsosesosvacsorsossass 34.67
Iron oxide (Fe.01)eevrieiererncnesvsoisseacsenencassnncnanns 2.01
LoD vevveeanonseacocasaacnactsssesssasessssonasasassonsans 0.99
Magnesia ......cc0i00anns eeeeeesseeacsssasssnsanssnnnonsse 0.10
Sulphur trioXide...c.oeriiriiiieenrrerericcteresrstotsennans 0.53
AJKAIIES +vevevrereasnsennssnonasassssrsssssssnssasssoncsass 0.81
Titanium dioxide.....eeeieriirriecereareacroncncroasssoses Trace
TOtAL. e ienenncenctssososasassoscsoasvsncssssasasossnans 101.02

Following is the rational analysis of above clay, also made
by Burk and Lyon:

Per cent.
Clay SUDStANCE....ovvruceseseacessacsacsscecraccsosasnaanns 93.67
QUATEZ +.vvervennenconneasatonsassasessnsasassesssssasnsons 5.19
Feldspathic detritus......ccoceereenenrncssncecascerncncncsse 1.14
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In layer No. 4, there are occasional hard, white particles
of clay which on slight notice may be taken for gravel. They
may be scratched with the finger-nail, however, and would pos-
sibly be of no serious detriment to the clay proper. These par-
ticles are due no Qoubt to a different percentage of combined
water in their make-up.

TaE J. II. DESPAIN PROPERTY, NO. 1..—Along the same ridge
as described above, one quarter ¢f a mile to the south, a similar
clay occurs on property belonging to Mr. J. H. Despain. Bor-
ings were made at the same elevation as the deposit on the Hash
property. Clay was encountered at a depth of six and one-
half feet. The clay at this point was penetrated to a depth of
three and one-half feet, this being the limit of practical boring
with the clay auger used. The clay is of very smooth texture,
free from physical impurities, such as sand and gravel, and, al-
though considerably stained with iron oxide, etc., it is likely
the percentage of coloring matter iy quite small.

The following section was proven for this point:

1. Dark humus SOil...ovvennrennrnecrscesserceancnaacasnns 3 ft
2. Bluish “quicksand”....ceeveerereecsansvonsennssnsnanns 31 ft.
3. Yellowish-brown clay.....ccceciiievirnecccnsescnsanse 31 ft.

4, Bottom of boring.

THE T. J. NELsoN ProreErTy.—This property is on the op-
posite or west side of the ridge from the Hash property pre-
viously described. There is no visible or open exposure on this
place, but the clay auger. proved the presence of a nice white
grade of kaolin at practically the same elevation as on the east
side of the ridge. At this point, along a gentle ravine, there
is a small level area of dove-tail shape about twenty feet across.
This area appears to have been formed by surface water en-
countering the clay deposit as it flows down the ravine; the clay
being not easily eroded because of its impervious nature, the
abrupt bench-like arca has resulted. The clay is concealed by
abont four and a half feet of very fine-grained sand, commonly
called “quicksand.”

The fellewing is a section here as made with auger:

1. Dark “quicksand”........cceeeiieriininrennceacennanes 414 ft.

2, White clay, slightly stained......c.occveeveniiiniinana. 3% ft.
3. Bottom of boring.
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THE JOUN HEADSPETH PROPERTY.—This farm is about three
miles southeast of Hibernia. Mr. Headspeth lives about one
mile and a half a little south of east from I’oplar Grove church.

On this property, two hundred yards southeast of JMr. IHead-
speth’s dwelling, there is an exposure of white clay which
shows along the sides of a small spring branch; this branch
forms one of the heads of Black Snake creek. About four
feet of the deposit is exposed. The upper portion of the clay
is stained yellow by waters flowing from the ferruginous Con-
glomerate Sandstone above.

The clay auger was used in prospecting the deposit, giving
the following section: '

1. Soil and rootS.....ciuneineneincaaereeanrrncnnensaonn 1 ft
2. Yellowisl Clay «.cvuieervncreenacecsassnsesennssnsones 2 ft.
3. White clay, slightly stained........ccvieeiriiverecennnns 814 ft.
4, Bluish Clay..cicieereenciaieresresessesncnsncsnssasnnna 3 in,

5. Bottom of boring.

This clay, like the deposit on the property of Mr. Thomas
J. Hash, contains occasional particles of clay which are much
harder than the clay proper. These particles are with some
difficulty scratched with the finger-nail and break with a dis-
tinct conchoidal fracture. The clay would possibly need to
pass through a disintegrator in order to eliminate the hard
particles. Otherwise the clay is of an excellent texture; the de-
posit covers a considerable area and offers a splendid propo-
sition. The Headspeth property is bounded on the north by
that of Mr. William Hall, on the east by that of the Webster
heirs, on the south by that of Mrs. Bettie Matherly, and on
the west by that ef Mr. William Warren. '

OTHER CLAYS OF THE DISTRICT.

THE SKAGGS-UNDERWO00D PrOPERTY.—This clay exposure is
along the boundary line of property belonging to Mrs. Martha
J. Underwoed on the east, and Mr. John C. Skaggs on the
west. The point of exposure is in Larue county, about one-half
mile northeast of Hibernia, Ky.

This clay is of residual origin at the top of the St. Louis
Limestone. The exposure is along a prominent gully and the
thickness measures something like seven and one-half feet. It
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may be that the thickness, as shown by actual measurements
with hand-leve], is somewhat exaggerated by redeposition along
down the stream way. The deposit contains clay of many col-
ors; marked vhades of yellow, red, drab and gray, mixed in
thin alternating layers.

The following is a section here, taken down the sides and
along up the gully:

Ft. In.
L oS0l evivienrieseniiisnnrcccssonatascntaracsacavenna 2 6
2, Gravel cvsveceinsseseecasennassossesonnoncooroesnans 11
3, Mixed colored clay.....ocvvvveeevanens eeeeeneaaens 7 6

An interesting feature of this deposit is the amorphous sil-
ica contained in the clay. Throughout the deposit there are
occasional concretions or blotches of white silica; this material
is in every state of solidity from smooth, white powder to round
and cylindrical concretions of white chert. It may be that
these concretions are due, in some way, to an over amount: of
silica in the make-up of the clay deposit. The presence of sili-
cious concretions in clays and shales offers an interesting field
for chemical investigation.

THE J. H. DESPAIN ProPerTY, NO. 2.—The kaolin exposed
on property belonging to Mr. Despain has already been described.
About one-quarter of a mile further south or one-quarter of a
mile south of Hibernia, there is ancther deposit of dark shaly
clay with layers of red clay near the base. This clay-shale is
near the top of the St. Louis Group and shows a thickness of -
about twenty-two and a half feet in a large gully, as given below :

Dark, shaly clay....cooiiuiiiiiiiiiiiriinerneeenennannns 15 ft.
Dark and red, alternating........cceiiievevnnrnnnnennens 214 ft.
Grayish Clay...ccieiiiiiiniiirieeeienreeseneninnsncnnens 6 ft.

Tae JoHN BrLAY PROPERTY.—This property is on what is
known as the ridge road from Buffalo to Campbellsville, about
one mile a little east of north from Badger. The property is
in Larue county.

About two hundred yards south of Mr. Bulay’s dwelling
there is an exposure of ochreous clay on a bold hillside near
the top of the St. Louis Limestone. There is no Conglomerate
exposed here. The thickness at this point is not known, but
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is apparently from three to eight feet. The clay is of a brilliant
yellow color and may prove valuable in the manufacture of
paint.

About an equal distance west of Mr. Bulay’s dwelling there
is an exposure of clay at the same elevation, showing a thick-
ness of eight feet. At this point the clay is a mixture of yel-
low and gray in thin alternating layers.

THE PERKINS-DOBSON ProPERTY.—This property is near the
Hart and Green county line about one mile east of Powder Mills.
Here there is a large pond, or marshy lake, covering fourtcen
acres area and underlaid by a drab colored, plastic clay. This
pond is about one mile south of the Greensburg and Munford-

_ville road. The pond is at the top of the St. Louis Group and
is held by the compact, impervious elay below. In wet or rainy
seasons the pond overflows into a branch of Lynn Camp creck.
A clay auger was sunk at the side of the pond to a depth of
nine and a half feet into the clay without penetrating the en-
tire thickness of the deposit.

The pond could be drained by a shallow ditch; in fact, it
was so drained at one time and the area cultivated. The water
at present is about three feet deep, while a ditch four feet deep
would carry the water out into Lynn Camp creek, only a short
distance away.

The clay is very “fat,” free from grit, and might be used in
the manufacture of brick, tile, or earthenware. There are some
excellent exposures of oolitic limestone in the neighborhood, and
should this elay, by analysis, prove suitable, a Portland cement
proposition might be presented. The Geological Survey will
take this matter up at a later date.

Grayson County.
rd

The geology of Grayson county is somewhat similar to that
of Edmonson, and since only a small portion of the county, next
to the Hardin and Ilart lines, was surveved for clays in con-
nection with this report, only a brief mention of the geology
of that portion is necessary.
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Over the northeastern and eastern portions of the county
the low lands show exposures of St. Louis Limestone. The up-
lands show the Big Clifty Sandstone and other sandstones,.lime-
stones and shales of the Chester Group, while the higher hills
are capped with Conglomerate Sandstone.

The Big Clifty Sandstone is very precipitous and shows
some excellent exposures and picturesque scenery in this re-
gion. It was from the high cliffs along Big Clifty creek that
this formation was named by Prof. C. J. Norwood in his report
on the region along the Louisville, Paducah & Southwestern
Railroad,* now the Illinois Central Railroad.

The following places were examined in Grayson county:

THE GARTEN PETTY PLACE.—Mr. Petty’s farm is just west
of the I. C. IR. I}, one-half mile north of Big Clifty. About
one hundred yards west of the railroad, on the southern part
of the farm, there is a small spring which issues above a de-
posit of impure, plastic clay. The exposure is very slight in

its vertical extent, but shows at various places around a large
hill. -

The following is the section here:

1. Brown SandstONe...iicuvereeenneernnennnnnnes ceeeeeaes 25 fL
2. Drab, plastic clay....... L etetrenaseseisseensacnnnenns .o 3% ft.
3. Gray lmestone....cociiveneeeeenneenneenneneeensnnnnns 10 ft.

4. Big clifty sandstone (covered).

This clay does not present a favorable appearance, being
a mixture of clay, soil and organic matter near the top. This
clay might be used, however, for low grade earthenware, etec.

TuE CHARLES LovE PLACE—The farm of Mr. Charles Love
is on the Summit and Rock Creek Road two and a half miles
east of Big Clifty. On this farm there are numerous large
gullies at the top of the Big Clifty Sandstone, and at one point
there are several exposures of a dark, non-plastic clay deposit.
Nu plastie clay nor coal is associated with this deposit.

We get the following section at this place:

1. Soil and pebbles........covirinieann,

..... [ - 1 4
2. Dark, non-plastic clay.......c..... beetsectecenearaneanns 8 ft.
3. Big CIlifty Sandstone.....ceeeveeesnseeee. etentecteneoan 30 ft.

*Grolozy of the Reglon Adjacent to the Loulsville, Paducah & Southwestern Rail-
road, Kentucky Geological Survey, Vol. 1., N. S, 1873; p. 369.
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The horizontal extent of this deposit is not so great as some
of the plastic clay deposits. It is exposed over an area of two
acres or more, however.

THE JAMES MATTINGLY PLACE—This place is on the Sum-
mit and Rock Creek Road, about three and a half miles cast
of Big Clifty. There is a deposit of red and bluish clay here
about three and a half feet thick, which is exposed in numerous
ditches at the top of the Big Clifty Sandstone just above a
stratum of Kaskaskia limestone.

Here the following section was taken:

T T T T TN
S A

' DTSN s T 2770\ Mixture of Red and Blue Clay

Bhf— L o o LT T

Big Clifty Sandstone’
40

This clay is very lean. "It is little plastic except in small
state of division. It is quite heavy, and the two colors alter-
nate in thin layers. This material might be more appropri-
ately ecalled an argillaceous shale. Its relation to the forma-
tions is inverted from that of the plastic clays at most places—
a limestone above and sandstone below, instead of a limestone
below and a sandstone above.
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CHAPTER IIL

Clays of the Red River Valley.

The following account of some of the clays of the Red River
Valley is necessarily no more than a general outline of the clay
resources of the valley. Limitations as to time and means at the
command of the Survey rendered it impossible to cover the
ground with any degree ¢f completeness, and this preliminary
statement is given because it was desired to incorporate all the
data that could be gathered within the time in a general bulletin
to be issued at an early date. The field is an extensive and
promising one, and it is hoped that the Survey may be per-
mitted to continue the work and issue a more complete report
hereafter.

The Red river has its origin in eastern Wolfe county, from
the union of small mountain streams, some of which have their
initial flow in adjoining counties. It traverses Wolfe county
from east to west, flows along the southern border of Menefeg,
across Powell, forms the boundary between Clark and Estill,
and empties into the Kentucky river at the corner of Clark,
Estill and Madison counties. In this distance it crosses several
formations, extending from upper bads of the Coal Measures
down to and including upper members of the Cincinnatian
division of the Ordovician. At many places along its course
the banks are shallow and gently recede to bottom lands. To-
ward the western corner of Wolfe and Menefee counties, where
it has cut through the massive Conglomerate Sandstone, and
near its mouth above the Kentucky, its banks are precipitous
and the valley narrow.

In dealing with the clays of the Red River Valley, reports
were made not merely of clay deposits geologically related to

ted river, but all deposits with which the writer, by search
and inquiry, came in contact. Some of the fire clay deposits,
for instance, seem to follow along the basal formations of the
Coal Measures at almost right angles to the river. Others
of the deposits are residual from shales, ete. But many of the
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valuable plastic clay deposits are the result of redeposited ma-
terials from the Coal Measures.

Every river possesses three important agencies: erosion,
transportation, and deposit. So it is true that many of the
clay deposits along Red river have been formed from clay ma-
terials which, originally present in the shales and argillaceous
formations of the Coal Measures and possibly the shales lower
in the series, have been eroded, carried down and subsequently
deposited. This is noticeably true of the loam deposits around
Stanton, in Powell county.

Along Lulbegrud creck, in Clark county, around Indian
Fields, there are a number of deposits of greenish, plastic clay.
These deposits have originated from the upper beds of the Crab
Orchard (Niagaran) Shale.* They are evidently residual in
character and follow along the area of Niagara exposure. The
Niagara or Crab Orchard Shale where exposed to weathering
agencies becomes friable and breaks up into minute greenish
flakes. These particles ultimately slake under the influence of
rains and are carried down into the low lands where they huild
up quite extensive deposits of greenish, plastic clay. A great
quantity, however, of this disintegrated material is carried into
the minor streams and borme away to the large rivers, where
it becomes mixed with fine sand and at some point of quietude
is reprecipitated or in part carried on into the sea.

FFollowing are the clay deposits examined:

THE MORGAN LEUBANK PrACE—Mr. Ilubank’s farm is on
the Indian Fields and Irvine.Road, four miles south of Indian
Fields, Clark county, Ky.

On this place and the one adjacent on the west belonging
to Mr. D. J. Snowdon, there is quite an extensive deposit of
greenish, plastic clay. By hand-level measurements of the de-
posit as exposed along large gullies, the thickness averages
about twenty-one and a half feet. It is found at varions points
of exposure over an area of perhaps one hundred acres. This
is a Niagaran deposit and it is quite likely that back some dis-
tance into the hills, as would be revealed by tunneling, the
material would become shaly in character.

* See table of Formations, page 14'.
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Following is a section of the deposit as exposed along gul-
lies:

1. Dark, brown llmestone.......cceeveevviinnncccenaneees 4 ft.
2. Greenish, plastic €lay...ccovviinrenereinrnonerocseroeee 51 ft.
3. More compact laminated clay...cccecceciiieicnceiennns 6 ft.
4. Drab clay, very fat..veeieeiescecnnserecasasssssascscce 10 ft.

This deposit belongs, doubtless, to what Prof. Ifcerste calls
the Estill Clay of the Crab Orchard Division of the Silurian
Series.

THE W. T. STANHOPE PLACE.—This farm is on the Indian
Fields and Irvine Road, two miles south of Indian I'ields, Clark
county, Ky.

West of Mr. Stanhope’s dwelling a hundred yards or more,
there is an exposure of brown, plastic clay from ten to eighteen
feet thick. This clay is to be found over three or four acres
of ground and is a common clay in this neighborhood. It was
not thought necessary to report more than the one place of
this variety because of its impure nature. It would probably
make a nice brick, however.

The deposit is at the bottom of the Ohio Black Shale and is
probably residual from the shale, having been mixed with iron
oxide enough to give it the brown color. Small particles of
shale and mica are visible with an ordinary lens.

Following is the section here:

1. Dark Ohio Shale...cvvviiierirennenriecsiasasnosocansans 40 ft.
2. Brown, plastic €la¥..vceeiverrriiieceernectonsaonenccncsse 15 ft.
3. Covered.

Tre M. . HiSLE AxD A. B. HayxirroNn DErosiT.—This de-
posit of greenish, plastic clay occurs on both sides of the In-
dian Fields and Irvine Road, one quarter of a mile south of
Indian Fields, Clark county, Ky. The east side on Mr. A. B.
Hampton; on the west, Mr. M. H. Hisle.

This deposit has an average thickness of about sixteen feet
and appears to be a clay of excellent quality. It ought to make
vitrified tile and brick. The deposit appears to be very uni-
form throughout its vertical and horizontal extent. It is found
exposed over several acres of territory. The soil above it is
excellent for agricultural purposes, especially hay.
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The following is a section here, as shown by auger borings:

O T 1 U 215 ft.
2. Greenish, Plastic Clay...ccvveeeicnnereneneraeennenans L. 16 ft.
3. LIimeStOne ..uvveireearesccsrsensaasossccnssssscssosses ?

This is the Plum Creek Clay.

THE ORLANDO HENSLEY PLACE.—Mr. Hensley lives on the
Indian Fields and Pine Ridge Road, about two and a half miles
east of Indian Iields, Clark county, Ky. About one-half a
mile north of Mr. Hensley’s home, on a small spring branch
which flows into Lulbegrud ereck, there is an exposure of yel-
low, ochreous clay about four feet thick. The exposure runs
fifteen or twenty yards along the branch. to its head, which is
a chalybeate spring issuing from above the ochreous clay de-
posit. This clay is covered above by vegetation and hidden by
the branch below, but it is evidently Devonian and has re-
sulted from residues from the Ohio Black Shale.

Following is the analysis of this clay, made for the Survey
by S. D. Averitt, of the State Agricultural Experiment Station:

Hygroscopic mMOiStUre....veiees tertrvssecenssccescsvonesns 3.04
Combined water and volatile matter..........ocevneeveeennn 12.28
SIHCA ceeeeeceaceenoaneacsacnosessosssassssssssssssansunsos 44.40
ATUMING c.ivierevrcacesensnscsonscesasvoncssossssssnsassne 11.35
Ferric OXide.sceeareiveraneenesaneeenrssneonssoassoononannns 24.69
LAIE oereecnveceesoonanncnoanacsscscssnasssnsssosasssnssas 0.26
MaABNESIA .vveeerearereoasroocnsoanssossenassnsscasassssass 0.38
POtASH cevuerinsusncccaressossacsonsnsssssersassessssssnase 1.99
£ T - Y 0.26
Titanium dIoXide....vvevereeresrocceeroceeaccsasascccencese 0.75
Sulphur trioXide......cceveriiiriierrereereneonracscenncennns 0.56
Phosphorus pentoxide......oceeeeeriervooccccccnncccocasene 0.13

100.09

Higher up the hills and across a hollow to the north from
the above deseribed deposit about one-half a mile, there is a
deposit of pinkish, plastic clay about six feet thick. This de-
posit is at the top of the Devonian or Ohio Black Shale.

The following is a section made at this deposit:

DT e 21t

2. Pinkish Clay.veeecceaccrcnsercosecsassasssssnsnsscscanses 6 ft.
3. Black Shale.....corcvenecacscsecscasssscsanvess Flat Exposure
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THE B. L. BRUXER PLACE.—The clay on this farm is exposed
along the Indian Fields and Clay City Road about two miles
from Indian Ficlds, Clark county, Ky. The clay is exposed on
both sides of the named road and outecrops on several hillsides
around in the immediate vicinity.

It is a greenish, plastic clay resulting from Crab Orchard
Shale and shows an average thickness of about four and a half
feet. A very luxuriant plant growth on the thin soil above the
clay testifies as to plant food contained therein. These Crab
Orchard clays, as a rule, contain a noteworthy amount of potash.

The following is a section of this clay as exposed by gullies,
croded hillsides, ete.:

31 2 ft.

THE RorerT KipD PLACE.—This land is on the Indian
Fields and Mt. Sterling Road three miles north of Indian Ifields,
Clark county, Ky. '

Here the hills over an area of about one hundred and twenty-
five acres show exposures of a greenish, plastic clay about ten
feet thick as an average. The clay is Crab Orchard in age and
occurs immediately below a three-foot stratum of Corniferous
Limestone. This clay is a very fat material, free from gravel,
sandy grit, ete.

The following is an average section of the exposures around
the hillsides:

1. Devonian (Corniferous) Limestone........ceeeeeeeuenenes 3 ft.
2. Greenish clay (Silurian)

This clay is very similar in appearance to other Crab Orchard
clays which have been recommended for Portland cement.

THE A. H. ANDERSON PLACE.—The clay exposure under con-
sideration is on the Indian Fields and Clay City Road at the
crossing of the Virden and Kiddville Road, two miles southeast
of Indian Fields, Clark county, Ky., about three hundred
vards west of the .. & E. R. R.

Here there is a long gully which exposes the entire deposit
of greenish, plastic clay. The deposit is quite an extensive one
vertically and is found exposed over an area of from fifty to
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seventy-five acres. The clay is Crab Orchard and is interlaid
with strata of massive brown limestone. It is well situated for
shipping or for being worked on the ground. Lulbegrud creck
flows along about thirty feet below thz deposit.

FFollowing is a section of the exposure:

Ft. In.
1, Soil and vegetation......cioviiiierrrecrcnrcsosennans o 2
2. Greenish, plastic clay...coceeeeeeeeeceeancaaensoonse oo 10
3. Brown limestone layer.............. Cedseesesssans 10
4. Greenish, plastic ClaY...veeeeeeeceneernncosennansss oo 11 6
b. Brown limestone Jayer........ccevevvevecccoccncsnnns . 4 8
6. Greenish, plastic €lay....ccoveivieiiironessonensenssens . 16
7. Sand fronr Lulbegrud Creek..........ccvvueennnn. Unconformity

THE KIppviLLE ExPoSURES.—There is a small wet-weather
branch which flows through the west side of Kiddville, crosses
the Indian Ficlds and Kiddville Road and empties into Lulbe-
arud creek one mile southeast of Kiddville, Clark county, Ky.
Along this branch, west of the town, there are exposures of
greenish Crab Orchard Clay on Messrs. A. T. and J. II. Pieratt.
On Mr. A. T. Pieratt the exposure by lock level measurement;
shows to be about twenty-one and a half feet thick on both sides
of the branch. Similar exposures are found to the south on Mr.
J. H. Pieratt and Dr. J. F. Lockhart; to the west on Mr. J.
Eubank and Mr. James Peel; to the north on Mrs. Carrie Har-
dy; to the east, Mr. J. L. Jackson and Mrs. Mary Elliott.

The following is the section as exposed:

1. S0il With BraSS..ceccececessscssssscanssssnnsssssansoas 2 ft
2. Greenisn, plastic ClaY..c..iieiiiiereneitiiecanrennnerass 15 ft.
3. Deeper £reen Clay.....ceeecncecnccsocasnsasnssascsnsnas 5% ft.
4. Covered.

THE ABNER CLAY PLACE.—The clay on this farm is exposed
along the Kiddville and Indian TFields Road, one-half a mile
south of Kiddrille. g

This greenish, plastic clay is a continuation of the deposits
at Kiddrille as above described and shows exposures on both
sides of the named road. The clay extends back under the
low, rich meadow lands on either side and ranges from five to
fifteen feet in thicknmess. Toward the top, the clay is impure
with grass roots and decaved carbonaceous matter, but deeper
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down is a clay of excellent plastic qualities. This clay becomes
considerably lighter in both weight and color when dried. It
is scarcely necessary to attempt a diagram of these exposures
because the thickness is not accurately known. Only surface
indications are visible. It is reported, however, as being twenty
feet thick at places where wells, etc., have penetrated the de-
posit.

TuE VIRDEN ExproSURE.—~—In the first cut east from Virden,
on the L. & E. R. IR, Powell county, Ky., there is an exposure
of Crab’ Orchard Shale. This shale, where exposed, has
weathered to a greenish, plastic clay.

The land on either side of the railroad here is owned by
Mr. A. I, Anderson. In the cut there is about four feet of
Crab Orchard Shale at the bottom, overlaid by Corniferous
Limestone, which is itself overlaid by Ohio Black Shale. This
shale and clay are exposed over the lands on both sides of the
railroad, covering an area of over one hundred acres. The strata
of Corniferous Limestone range from five to nine feet in thick-
ness.

Following is an average section of the exposures here:

1. Ohio Black Shale..siieeiieasiiereroseciicensnosscsvecans 20 ft.
2. Corniferous Limestone.......ccccvveeeereeeencancensonnns 5-9 ft.
3. Greenish shale (Silurian)........ecceeevvenecncececceces 4-7 ft.

4. Covered.

Following is the analysis of this clayey shale, made for the
SBurvey by S. D). Averitt, of the State Agricultural Experiment
Station:

. Per cent.
Hygroscopic moisture............ Cevaeresnsiaeranansaoeanan 1.99
Combined water an4 volatile matter....coevvveeiinenenanns. 19.26
SIHCA vveererrennoeersesnsessassssraseassosnessnseonnsnnann 37.30
ANMING tiettriiiiietiieeeinereeesreranneensnesaneronsans 15.63
Ferric oxXide..oue i iiiiiier cretteenenncnsnoncecosannnnnnns 2.37 (7)
B 8 T 10.59
Magnesia coeerrreisiiniintereititancenecnanceroenesncannnans 2.22
POtash.. .iviiivireretesescrssisionerasecnoossasnsnncannnan 3.56
15701 . P 0.33
Titanium dioxide......coviiririiiiiniieetarenreaanesanccas 0.50
Sulphur trioxide......oviiiniiiiraiiieierinnnreanceneannns 0.12 (2
Phosphorus pentoxide.......coiviiieinerineacnsesaroncaonss 0.26
Iron bisulphide (FeS,)..iiiiiiiieieeeeecnneeeeeasannencnens 4.65 (?)

98.78
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The total sulphur, calculated as SO, is 6.31 per cent. Total
iron, calculated as I'eQ,, is 5.47 per cent. The greater part of
the sulphur is in the FeS., but some of it is evidently in the
form of sulphate.

THE JAMES HENSLEY AND CHAS. SWOPE Exrosures.—This
deposit of greenish Crab Orchard Clay is exposed north and
south of the Indian Fields and Clay City RRoad, near the boun-
dary line of Clark and Powell counties, two miles west of Virden.

On the north there are exposures ranging from five to nine
feet thick on the farm of Mr. James Hensley. On the south,
there are exposures on Mr. Charles Swope of a similar char-
acter. A well on Mr. Swope’s farm is said to have penetrated
about fifty feet of this plastic clay. Below the exposures there
is a stratum of brown limestone about two feet in thickness.

FFollowing is an average section:

1. Soil, with grass FOOtS...ciceveeeecosecoecsorasasasncsss 2% ft.
2. Greenish, plastic clay (Silurian).......cccveeeveecnenns b to 9 ft.
3, Brown LimestOne.....c.ceeevecncscesesssesascascasae . 2 ft.

TaE J. M. KEXNoN PLACE—This place is on the Clay City
and Hardrick’s Creek Road one mile from Clay City, Powell
county, Ky.

The clay examined on this farm is in a low, level area which
was once covered by Red River. The clay is plainly fluviatile
in origin and is of a light brown color. It is reported as a good
brick clay, having been used for that purpose by a local com-
pany. The exposure presents about three feet of the upper por-
tion of the deposit. The entire thickness is about six feet.

" Following is the section of exposure:

1, Sandy SOili.iee.iiiieeeienerneennoaassccrearososassscosanss 2 ft.
2, Light, Brown Clay...ceeeeeeneeeersoorcssovacoansossonans 6 ft.
3. Ohio Black Shale..sevcereeeecorevecanaanons tesesrenean Covered

TaE EpMUND RosE PLAcE.—The land under consideration
is on the (lay City and Stanton Road one mile east of Clay
City, Powell county.

The clay-deposit here is resting on Ohio Black Shale at the
very top. The clay is of a shaly character, bluish in color and
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contains a layer of iron oxide near the center. The entire de
posit is about fourteen feet thick. At other points around the
same elevations over a considerable area, this clay is exposed.
The iron layer is very persistent.

Following is a section of average exposure:

1. Shaly, plastic clay..coereiniiiniiiini it iiieeianes 515 ft.
2. Layer of iron oxide.....cveveeevivesrecerosessecesoanns 4 in,
3. Shaly, plastic clay.................... stecesierentanens 8 ft.
4. Ohio Black Shale.....oiviriivieieieerrannnnneseonennns 95 ft.

THE JonxN WaSSON PLACE—The farm of Mr. John YWasson
is on the Rosslyn and Cat Creck Road four miles south of Ross-
Iyn, Powell county, Ky.

This vicinity is one of rugged topography and the highest
ridges are capped with Conglomerate Sandstone, the basal for-
mation of the Coal Measures.

Around a valley on the flanks of two ridges on the named
farm, there are exposures of a fire-clay deposit at the base of
this Conglomerate Sandstone. The exact thickness was not
determined, only three feet of the deposit being uncovered at
any one place, but supposed authoritics claim that a prospect
pit was once dug through it showing it to be about seven feet
thick. The prospect shaft was dug for iron ore. A light, bluish
plastic clay, often used as a substitute for whitewash, is com-
mon below the fire clay in thin layers. It is eroded and rede-
posited particles from the fire clay.

Following is a section of the exposure:

B U 2 ft.
F A i 1T - 34 ft
3. Covered.

THE PRICE ARTHER PLACE—There is an excellent exposure
on this place along the Stanton and Rosslyn Road two miles
north of Stanton, Powell county, Ky. The clay is grayish in
color, tolerably lean in character, and contains some sand in
a very fine state of division.

The deposit rests on Ohio Black Shale, but is fluviatile in
crigin, having been deposited by Red River, which now flows a
short distance to the south.
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This clay has been successfully manufactured into drain
tile, but the local factory at Stanton was clused down for other
reasons altogether than the lack of good material. Samples of
the tile are in the State Museum on exhibition with samples
of the clay.

I'ollowing is a section of the exposure on Mr. Arther's
place:

1. Soil, With IOOtS...ccveeteiecenenoiocnsecsonensssscscssnes 1ft.
2. Gray, plastic clay..cceeeeeeinriiiiitererercrransoacesnnnes 19 ft.
3. Ohio Black Shale,

The exposure is in the form of a vertical bluff by the road-
side.

Following is the analysis of this clay, made for the Survey
by 8. D). Averitt, of the State Agricultural IExperiment Station:

Sample, a light gray clay with many iron stains.

Per cent.

MOISEUTE cevevooesesssssceasssacsossesnsnooncsonnsacsanonee 2.30
Combined water and volatile matter.................cvun... 5.78
SIHCA tvvernerererentocasasseseccaseecansansscssseassansnns 63.12
AlUmMINg ..ieiiiiiiiiiiiiitirrittresrtticiaattocteconennans 18.31
Ferric OXide. . ooveuieriieeiiieiiioranecneencracenncaacnannsnns 3.40
5 5 + o1 0.29
MagnesSi® ..veeeierenesnsosectssocesroasocnccnnacesncaannas 0.90
POtash civeraniirteiresentocetottsaseatanatecnntanenaannnn 3.05
£ T T+ - T 0.89
Titanium dioXide......coveeemeriniernenicreensrensosnnonnans 1.08
Sulphur trioxXide.....coveiiiieriinieceenrnresesenscsnncnnens Trace
99.18

EXPOSURE AT RosSSLYN.—On the south bank of Red River,
near Mansfield’s Mill, at Rosslyn, Powell county, there is an
exposure of about twenty feet of clay. This clay is of a light,
gray color, contains a considerable percentage of free silica, and
is perhaps a continuation of the deposit deseribed under the
head of Price Arther Place, which is about two miles further
down the river. The thickness and general sections are the
same. The clay at Rosslyn is more loamy in character and
some lighter in color, however. See section above on Arther.
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JAMES KIRKPATRICK AND OTHERS.—Along the L. & E. Rail-
road, a few yards west of the station at Stanton, in Powell
county, there is an exposure of light-colored, plastic clay sim-
ilar to the clay on the opposite side of the river exposed on the
Price Arther place. The clay here extends back under land
belonging to Mr. James Kirkpatrick. Continuing around from
left to right in a clock-wise fashion, this clay is exposed on
Mrs, Betty Hardwick, Mr. Anthony Norton, Mr. James Ewing
and Mr. Albert Welch. From auger borings into this deposit,
it proves to range from ten to fifteen feet in thickness, and the
area of extension covers perhaps three hundred acres.

The brick for the county court house was manufactured from
a portion of this deposit. The bricks are of excellent quality.

Following is a section of the exposure:

1. Soil 8nd SANA...cievrerrenscrnnsscnnnssssesccssssanas 2 ft. 8 in.
2. Light colored €lay...ccvecercessocesoncscncaresoanans 10 to 15 ft.
3. Ohio Black Shale.....cvevvereesscerrcnorreassccacnens Covered

Following is the analysis of the clay, made for the Survey
by 8. D. Averitt, of the State Agricultural Experiment Station:

‘Sample, a very light gray clay, with some iron stains; James
Kirkpatrick’s place, in railroad cut, fifty yards from: station
at Stanton.

Per cent.

MOIBLUI® siuvseertssertosassosesnsosssoncsacsssasonanncanas 2.04
Combined water and volatile matter...........coivvveerenns 4.47
SIHCA sveveverrsrrresneccrrercessonsseaaseccraascssasancnse 70.24
AlUIMINA cvevviecnrveccresersasscsssscnssscsssnssssncascans 15.27
Ferric oxXide. cocier i iiiieiiiiiiiciirrirntareetsosncasons 2.60
7 V- T Y 0.42
MEBNESIR tvvrerreneenranessstosssrsocsscesssossseosascasnass 0.50
507 ] ¢ 2.24
S00A eeeeeeeereaacsvucrossssasssnsssssssasasassssssssnssne 0.90
Titanium dioxide.....oiviiiriniitiriennrriineserrsnssrenssns 1.03
Sulphur trioXide......ceieeeieiiiiieinerrienceranencnnennns 0.05
99.76

The same deposit occurs eastward on Mr. J. C. Patrick. The
clay here contains less silica and shows a very suitable analysis
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for Portland cement. Following is an analysis of Mr. J. C,
Patrick’s clay, analyzed at Ohio State University:

Per cent.

Water and volatile matter......ccvveveveieeniieirennacecsss 5.70
Silica ..ceeees et eeeeeeteeee e eereraaerareeteaeeanas 67.30
AJUIRINA sveeevrveccesenanssssencnssssassasasansacssccnsass 18.22
Ferric OXide.eeveeereruecrsoscneesoasnsasssosnsnanasansnosas 3.08
MAENESI® seeeeeroaaaosoansacaanassssansorasancsocsasasenas 1.30
Calcium carbonate......ccveecereerceasovasoseasossssncsssee 1.70
Alkalies ...... S erescosenasesetassctonssseessacesasansvsonen 2.70
100.00

With this clay, Mr. Patrick sent samples of oolitic lime-
stone for the purpose of having them tested for Portland cement.
Both materials proved suitable, and good Portland was actually
made from a mixture of the two.

Following is the analysis of the limestone. This limestone
occurs above Glencairn, in Wolfe county:

Per cent.

Calcium CarbOBRAtE . i iirivrerarenaseaessossesvocnancsass 91.40
SIlICA eevenvcvrennnnencesssassscssssssssscsssscasansasnssose 4.55
FeITiC OXiG€eueeueeroerereeersonsoonsenseennnassssneseaassns 1.43
ATUININA +evveeenesesocsasessasssarssessssssssssssasosnesse 2.12
MAENESIZ eeveeverronsnsescnonsnssnsonsssencasasancnssssons 0.80
100.30

THE JESSE FAULKNER PLACE.—This farm is on the L. & E.
R. R., one mile east of Filson Station or Bowen post-office,
in Powell county.

About seven feet of the deposit is exposed by a cut along
the railroad. It is a dark, plastic clay of fluviatile origin and
rests on Waverly shale. The clay is free from gritty particles
and is quite strong or fat.

Following is a section of the exposure:

1. SOIl vvievecvnvecresssnscsnccscccssssanasoes cesseaane o 13 ft.
2. Dark, plastic ClaY..cevevecrecrocececsonsascnsrannccaces 7 ft.
3. Waverly Shale....o.eireiiienienecereanannns ....Bottom of Cut.

Following is the analysis of this clay. made for the Survey
by S. D. Averitt:
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Sample, a light brown clay with a good many iron stains.
Waverly formation (Linietta ? Clay).

Per cent.

MOIStUrE +evvsercervssrecressscssansasonsosnssonene socnons 3.46
Combined water and volatile matter................ e 6.36
Silica ....ecu.e cesssssees thseessenanntiraatscserbasatoasnas 64.54
Alumina ...... ceetnassese Chsrsanerenteressnctesiaetoronanes 19.13
Ferric OXIde.vueeeniinioriiieeeneneenonnnnesnonnensonnnsnnns 0.94
7 1T N 0.53
Magnesia ..vviiiiiiiiiiiiiiereete i it 0.66
07 - AR 2.32
120 A 0.51
Titanium GioXIde...viennrriiieneirrereerenrsnncnneevecnnns 0.95
Sulphur trioxide...cocieiee iiiet civiaenreannnnes S Trace
99.40

THE W. M. TowNsSEND PLACE.—Mr. Townsend’s farm is sit-
uated on the Filson Station and Cow Creek RRvad one mile south
of Filson Station, Powell county.

On the above named land there is one very high ridge which
riscs above the ones in the near vicinity and contains some of
the basal formations of .the Coal Measures. Near the summit
of this ridge there are outeroppings of fire-clay, but the thick-
ness is not known. The indications are that the deposit is of
workable thickness, however, being something near six feet
thick. There are no good exposures near the deposit, but it is-
probably just below the Conglomerate Sandstone.

Where pieces of this clay have been exposed on the surface
and acted on by atmospheric agencies, they have crumbled to
small, angular particles.

Lower down on the ridge, there are layers of a whitish, plas-
tic clay produced by the washing down of the fire-clay elements.
Ne good section can be given.

Tue N. Fuuxs PLaCE—Land belonging to Mr. Fulks lies
east and adjacent to the village of Glencairn, Wolfe county.

Ou the side of a high hill above the first cast cut in the
Waverly Shale for the L. & E. R. 1§, there is an exposure of
drab, plastie clay. This clay deposit is not in workable quan-
tity, being a product of redeposition from argillaceous shales
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and refractory clay above. Above this plastic clay about thirty
feet there is a stratum of fire-clay about one and a half feet
thick. This is at the junction of the Waverly and St. Louis
Limestone.

The following section includes both clays, neither of which
are of more than geological interest probably:

1. St. Louis Limestone......... et teieserecisacssieacanes 40 ft.
2. Refractory Clay....eveeceeeeieocioaccccensrssconsannns 1146 ft.
3. Covered ..i.ievicer iiiiecienterecetcetenconssetoasaann 20 ft.
4. Drab, plastic Clay..oicveieerrerrocnesnnacesoacaosoenas 2 ft.
_ b. Waverly Shale, to bottom of cut......coouvenvninnnnnn.. 23 ft.

THE O. W. McNABB PLACE.—Mr. McNabl’s farm is situated
on the Hazel Green and Mt. Sterling RRoad, one mile and a half
northwest of Hazel Green, YWolfe county. Red river flows
along the west side of the farm, leaving a gently sloping valley
on the east side. At the outer edge of the valley to the east
along the old State Road, designated by the two points above
named, there is an exposure of light-colored, plastic clay sim-
ilar to the Powell county clays, but more nearly white. This
clay is plainly fluviatile, having been deposited by Red river
before it cut its way a distance of a quarter of a mile westward.

The deposit runs from seven to ten feet in thickness, and
is exposed at points over an area of fifty or seventy-five acres.

The clay is free from physical accessories, such as gravel,
manganese oxide, ctc., but at places contains a considerable
percentage of free silica. '

Following is a section along the road:

1. Soil ..oeiienenld e e eeesenaabeeasacaattecrsatinesassrre 2 ft.
2. Light colored Clay...coevveuerniausrorsncssososcasenceanas 7-10 ft.
3. Shale of Coal MeasureS.....cocveevessecncsnse cesesees Covered

Following is the analysis of this clay:

No. 2673.—Clay from O. W, McNabb’s place, on the Hazel
Green and Mt. Sterling Road, one mile north of Hazel Green,
Wolfe county. Thickness, 96 inches. A dirty-white, very sandy
clay; does not effervesce with hydrochloric acid, and shows no
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phosphates. Analysis made for the Survey by 8. D. Averitt,
assistant chemist in State Agricultural Experiment Station.

Sample air dried. Per cent.
Moisture ......... teenesesseeeresseerecteranrreraccsateants 1.16
Ignition (combined water and volatile matter).............. 3.47
SHlICA eeveeeersararorsserrssosenasvasseosvnnssorccncansanaas 78.16
- 1 1133 T T 11.58
Ferric oXide...ovvneriiiiienronnnrenrecsroestarencsanaasnass 1.02
LiIIE vovvevnniuononeriosnnsrsaeossnonnetnenesannnnsaesoansss 0.32
Magnesia ..voveeeernceresecacrrnncenanasns O 0.40
Potash .veeevenrneriernnserrceooscasnnnsroccoasanennnceans 1.85
110 T - eeereaeannae 0.74
Titanium dioxide ....coiviiiiiiiiinreiirernerreneennenenns 0.88
Sulphur trioXide.....cvcviiieiirinieentneneeeeneneeceesnnnes Trace

TOtAl oieveeenoenessnececsssncssocessvncearsoncocncnannns 99.58

The analysis was made of unwashed clay, hence the per-

centage of silica is higher than would be the case with washed
clay. )

Tne F. P. CLARK PLACE.—This land is on the Hazel Green
and Mt. Sterling Road, two miles west of Hazel Green, Wolfe
county, This clay deposit is possibly a continuation of the
one described as the O. W. McNabb Deposit, but somewhat
different in character taking it as a whole. The clay is ex-

rosed in a large gully along the Mt. Sterling Road, and shows
the following secction:

. Ft. In
1. Soil, With TootS....iiieiiitiiniiieeinerennrononccannens 2 0
2. Yellowish, plastic €laY...vciveeneeneeeecneecracecnasenns 0 1
TR T 1 1 B =) 0 5
4. Dark, Dlastic Clay...ceeeieiererreneeeeeeosnancnaennnnns 0 6
5. Gray, plastic Clay...c..ciuenieiieerarrrenerrcnnrnneenas 10 o0
6. Covered.

The plastic clay at the bottom is very similar to that de-
scribed in the section on Mr. MeNablb’s place.

J. B. Kasmg axp J. W, StaMrEr ExposurE.—Mr. Kash’s
farm is on the Hazel Green and Mt. Sterling Road, one mile
west of Hazel Green, Wolfe county.

Mr. Stamper’s farm joins Mr. Kash on the west.
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On Mr. Stamper's land small, angular particles of flint fire-
clay can easily be traced around the high points. These hills
are capped with shales of the Coal Measures, and it is
near the summit that the fire-clay appears. This deposit was
traced cast onto Mr. Kash’s land, where it is at a much lower
clevation because of an anticlinal dip.

No accurate section can be given of this deposit until a
prospect pit has been dug into it. Because of the scouting
nature of the field work, this was not done by the Survey, but
the owner of the property gave assurance that this would be
done at their earliest convenience. The outcroppings indicate
a deposit of workable thickness.

THE S. W. PERKINS PLACE.—This land is south of the Hazel
Green and Mt. Sterling Road, one and a half miles west of
Ilazel Green, Wolfe county, Ky. Iere there is a long, level
lottom east and adjacent to Red River. DBeneath this low,
marshy bottom land there is a bluish plastic clay which be-
comes much whiter when dried and is probably a valuable clay
for brick, tile, sewers, ete. The clay is fluviatile, having been
deposited by Red River. It is about six feet thick and shows
over an area of about thirty acres. Very thin, damp soil covers
the clay, as shown by the following section:

1. Soil .....esee tesassneesesscsnrrasaanannne teessssensassans 14 ft.
2. Plastic clay..... tetesseecsossscntsesnanen sessssesessvanns 6 ft.
3. Shale ..... teesscsecssaserertnstesecasane sevecssasesans Covered

This clay, mixed with a proper percentage of calcium car-
bonate, might make an excellent cement.
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CHAPTER 1III.

Clays and Sands of the Jackson’s Purchase
Region.

The following account of clays and sands of the Jackson’s
Purchase Region* is, in the main, a compilation and revision
of matter taken from Dr. R. H. Loughridge’s general report on
that district.t With this as one of the purposes in view, a
rapid reconnoissance of the region was made during the sum-
mer of 1905,—rapid because of the very large area that it was
necessary to cover within the short time at command. The ob-
jects sought to be accomplished by the field work were to bring
the matter from Dr. Loughridge’s report up to date as to loca-
tion and ownership of properties; to gather later data as to es-
tablished industries; to note such additional exposures of work-
able clays as could be visited within the allotted time, and to
iay the foundation for a systematic, detailed study of the de-
posits, along economic lines, which is in contemplation with
the continuation of the Survey.

The geologic classifications adopted by Dr. Loughridge are
used throughout—though it is possible that some minor changes
may hereafter prove necessary; and the account of the distribu-
tion of the formations is adapted frem his report.

Though, for the sake of convenience, quotation marks are
seldom used, it is desired that full credit shall be accorded to
Dr. Longhridge for all matter for which he is responsible. It
is to be understood, therefore, that practically all matter not
inclosed by brackets is either adapted from his report, or copied
therefrom in full. As a rule, new material, for which the pres-
ent writer is responsible, is inclosed by brackets.

TWhen analyses taken from Dr. Loughridge’s report are used,

sForms part of the area purchased from the Chickasaw Indians in 1818, through
a Commlssion composed of Gov. Isanc Shelby and Gen. Andrew Jackson. The In-
dians declined to treat with Gov. Shelby, and Jackson was obliged to conclude the
treaty In hix own name—whence, “Jackson’s Purchase.”

1The Geologleal and Economie Features of the Jackson’s Purchase Region, by R.
H. Loughridge, Kentucky Geologlcal Survey, 1888,
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the old labels are given in quotation, but wherever changes of
ownership have occurred, such changes are noted in connection
therewith.

TERRITORY EMBRACED.

The territory embraced in “Jackson’s Purchase” covers an
area of about 2,340 square miles, lying immediately west of the
Tennessee river, with the Mississippi and Ohio bordering it on
the west and north respectively. It includes Hickman, Cal-
loway, Graves, McCracken, Marshall, Ballard, Fulton, and Car-
lisle counties, named in the order of their organization, Carlisle
having been formed from the southern half of Ballard in 1886.

TRANSPORTATION FACILITIES.

The three rivers that form three sides of the Purchase region
afford regular transportation facilities for the contiguous coun-
try at all seasons of the year, unless blocked with ice during the
winter. The smaller streams in the interior are not navigable.

Several railroad lines traverse the region. The Illinois
Central system has two lines: One, connecting Paducah with
Louisville (formerly known as the Chesapeake, Ohio & South-
western), runs southwestwardly from Paducal via Mayfield
(Graves county) and Fulton (Fulton county) to Memphis and
the southwest; the other, reaching to Chicago on the north and
to New Orleans on the south, enters from Cairo, passes through
Wickliffe (Ballard county), Bardwell (Carlisle county), Clin-
ton (Hickman county), Fulton (Ifulton county), and thence
south. The Mobile & Ohio enters from Cairo, passes through
Wickliffe, the western portions of Carlisle and Hickman coun-
ties, down through IFulten county, and thence to Mobile; a
branch two miles long extends from South Columbus to Colum-
bus, and connects with the St. Louis & Iron Mountain Railroad.
A line of the Nashville, Chattanooga & St. Louis connects Hick-
man (TFulton county), with the M. & O. at Union City, and
with the I. C. at Paducah Junction; these and other connec-
tions made farther south, give Hickman transportation by rail
to St. Louis, Chicago, Paducah, Louisville, Memphis, New Or-
leans, Nashville, etc. Another line of the Nashville, Chatta-



82 GEOLOGICAL SURVEY OF KENTUCKY.

nooga & St. Louis extends from Paducah southward through
Benton (Marshall county) and Murray (Calloway county).
Another railroad, to cross the region east and west on a line
from Columbus through Mayfield, is projected.

GEOLOGIC FEATURES.

The Purchase region occupies an interesting geologic posi-
tion almost at the extreme northern extension of what was once
a bay or arm of the ocean, reaching northward from the ex-
treme south, and whose waters washed the Paleozoie shores
on the ecast and west. The northern shore line of the embay-
ment extended across the southern part of Illinois, beginning
below the mouth of the Cumberland, at New Liberty on the
east, and reaching southwestward parallel with the Ohio river
and but a few miles from it, until at a point about fifteen miles
north of Paducah it turned sharply westward to within fifteen
miles of the Mississippi, when it bent southwest to the river
at Santa e, opposite Commerce on the Missouri shore. The
Tennessee river marks what was then the ecastern side of the
embayment, while on the west the shore line was twenty or
thirty miles beyvond the present position of the Mississippi.

Within the region the following geologic formations have
been observed.* They are given in the order of position, be-
ginning with the more recent or topmost:

ALLuvitM (of river and creek bottoms).

(QUATERNARY.

Brown loam; surface loams of the uplands.

Locss; gray silt of Mississippi bluffs,

Port Hudson (Hilgard’s Louisiana) ; stiff dark and blu-
ish clays with calcareous concretions, under the river alluvi-
um, and overlaid in the Ohio Valley by micaceous loam.

Stratified Drift ¥ rounded chert and quartz gravel inter-
stratified with coarse sand, the whole more or less stained
and cemented with iron oxide. ’

* Dr. Loughridge noted *a region or belt of massive quartzose sandrocks”
which he at first provisionally referred to Devonian age (pp. 18 and 22 of his
report), but which he subsequently, from data obtained by boring at Paducah,
deemed “in reallty the remnants of Chester sandstone” (p. 325 of his report).

4+ Lafayette formation.—J. H. G.
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TERTIARY, .

Lagrange (of Safford’s Tennessee); stiff plastic clays,
variegated in color and interstratified with whitish sand,
and holding impressions of leaves.

Lignitic; Llackish arenaceous clay and clay-stone, with
leaf impressions and beds of lignite and lignitic peat.

Porter’s Creck (of Safford’s Tennessee) ; massive and
jointed clays (locally called “soapstone”), somewhat mica-
ceous, blackish when wet, dark gray when dry.

Hickman (provisional, of the Hickman bluff) ; silicious
clay-stone over a thick bed of buft-colored clays.
CRETACEOQUS.

Ripley; black clay in very thin laminae, separated by
fine white and highly micaccous sand; beds of sharp angu-
lar white and yellow micaceous sand, 100 feet thick.
SUBCARBONIFEROTUS.

Lower (or Silicious, of Safford’s Tennessee) ; heavy lime-
stone beds intercalated with dark flint layers.

Next to the soils and timbers, the material of greatest eco-
nomic importance occurring naturally in the counties of the
Purchase region is found in the extensive deposits of clay, in
beds of varying thicknesses and characters. While they undeér-
lie the greater part of the country, it is only in the hillside ra-
vines, and in the Dluffs bordering thé streams, that their ex-
posures can be seen. ' -

These clays are derived from the decomposition of the argil-
laceous shales and rocks of formations older than those with
which they are found, and have been transported to this basin
from distant localities, by rivers or other currents, and meeting
here the quiet waters of what was then an arm of the sea, were
allowed to settle to the bottom, gradually filling up the basin.
The shallow nature of the basin is shown in the black clays,
which are chiefly colored with organic or vegetable decay, and
in the beds of lignite and the decayed leaves in the clays.

The decomposition of these dark clays seems to have been
followed by a sinking of the region, producing river currents,
which swept away the beds in the central part of the region,
north to south; again followed by a season, or alternating sea-
sons, of rest and disturbance, during which beds of white clays
and of sand were deposited. Such seems to be, in brief, the
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history of the deposition of these beds during the Cretaceous,
Tertiary and carly Quaternary times, after which the heavy
depusits of gravel and loam were made, which now cover the
entire region. ~

[The majority of the white clay deposits of economic value
arc in the Lagrange division of the Tertiary.]

CHARACTER OF THE PURCHASE CLAYS.

In order to more fully test the value of these clays for the
finer qualities of ware, arrangements were made (by Dr. Lough-
ridge) with the Rookwood Pottery, of Cincinnati, by which
their adaptability for decorated wares was ascertained.* Aver-
age specimens from the most important beds were shipped to
the pottery, and the results obtained are incorporated with the
report on the respective beds, in the following pages.

The clays are divided into three classes—refractory, unre-
fractory and ochreous. The former are especially suited to the
manufacture of fire-brick and similar articles, whose chief prop-
erty is resistance to the effects of a high heat. Those of the
second class fuse to a greater or less extent in a high heat, and
are more suitable to various forms of pottery, ete.

The following is an extract from a letter regarding these
clays written by Dr. Karl Langenbeck.t Speaking in regard
to the establishment of a pottery for making regular table-
ware, cups, saucers, plates, bowls, pitchers, ete., he says: “I
think it would be a very paying thing, because you have raw
material equal to the finest in England, the articles have a con-
stant and ready sale, and are subject to heavy freight rates in
transportation from New York, Trenton, or East Liverpool, so
that they should be produced near a market, and Kentucky is
known as a good market. The practical experiences I have
had with the clay from Russell’s, near Murray, and with other

¢ Various wares, Includinz decorated, were also made of some of the Pur-
chase clays, under the direction of Prof. C. J. Norwood, for the Kentucky min-
eral exhibit at the St. Louis World's Fair, 1904. The work was done at East
Liverpool, and only the natural clay (unmixed with any other) was used. On
the latter account. especially, the beauty and perfection of the wares attracted
the admiration of and elicited praise from clay-workers who visited the ex-
hibit. A gold medal was awarded the clay exhibit. The wares made by the
Rookwood Pottery, mentioned above, and most of those exhibited at St. Louis
may be seen in the State Geological Museum, at Lexington.

f At the time, connected with the Factory of Decorative Art, etc., at Cin-
sinnati.
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clays of the district, have taught me their peculiarities, and I
can freely say that, from their great plasticity, they are most
easily and cheaply worked, and, from their binding qualities,
entail less loss in the kiln than any others I have met with.
The Russell clay, with the addition of some flint, makes a very
beautiful ivory-ware, almost exactly resembling that made by
the celebrated firm of Copeland & Sons, England, for table and
toilet sets.”

REFRACTORY CLAYS.

The majority of the clays of this part of the State have been
found to be highly refractory when tested before the blowpipe,
though many of them contain high percentages of iron and pot-
ash, on which their fusibility depends. They vary in color from
nearly white to black, and are more or less sandy in their char-
acter. They are found in all the counties, in beds varying from
two to many feet in thickness. Samples from many of these
localities have been analyzed, and the results are given below,
preceded by a description of each bed. Ifor convenience, the
clays are divided into the following groups: Drab Cluys of
the Hickman Bluffs: Silicious Clays of the Columbus Bluffs:
the White or Light-Colored Plastic Clays; and the Black or
Darl: Blwish-Black Clays.

A. CrLAYS or THE HICEMAN BLUFrS, I'oLToN CounTYy.—The
bluffs rise about 180 feet above that portion of the town lying
on the river bank, and, as shown in the section on a preceding
page, comprise sixty-five feet of loam and silt, and eleven feet
of sand and gravel above the clays. The succeeding beds down-
ward comprise clays, clay-stones, and joint clays, varying from
each other somewhat in composition and in their refractory
character. In the following table of analyses, these beds are
placed and described in descending order, the first two num-
bers being of specimens taken from the bed immediately under-
lying the gravel, but one-fourth of a mile apart:

No. 2137. Greenish, sometimes OUluish, sandy refractory
joint clay, talken from beneath the gravel bed, one-fourth of a
mile north of Hickman, Fulton county. The clay is quite plas-
tic, burns hard, and of a light greyish-buff tint. Before the
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blew-pipe it fuses with great difficulty. The bed is several
feet thick.

No. 2136, Greenish, sometimes bluish, sandy refractory
joint clay, taken from beneath the gravel bed in the bluffs in
the apper part of Ilickman, Fulton county. The dried clay is
of a light grey tint, colored in parts of buff and ferruginous.
1t is moderately plastic, and does not calcine very hard, ac-
quiring a handscme light brick color. It is refractory before
the blow-pipe. The clay crumbles easily, and has a thickness
of about six feet.

No. 2139. Soft crumbling clay-stone, refractory, greyish,
and somewhat sandy, forming a ledge under the preceding about
two feet thick. It is somewhat ochreous and quite plastie. It
burns hard, of a light grey-buff tint, and before the blow-pipe
it fuses with difficulty. :

No. 2140. Slate-colored or bluish refractory joint clay, from
the Hickman bluff, and underlying the preceding. It is lilac-
grey when dried, somewhat ochreous, quite plastic, and burns
quite hard to a light brownish tint. It is quite refractory be-
fore the blow-pipe. The bed is several feet thick.

No. 2138. Greenish clay-stone and green refractory clay,
from Hickman bluff and underlying the preceding. It is banded
with yellow ferruginous lines, crumbles easily, and in places
is quite solid. The dried clay is light grey in color. It is quite
plastic, calcines to a light brick coler, and is quite refractory
before the blow-pipe. The bed is about ten feet thick.

No. 2141, Greenish indurated and refractory joint clay,
from the Hickman bluff, and separated from the preceding No.
2138 by cight feet of massive slate-colored clay-stone, having
a jointed structure, and in places holding masses of dark opal.
The clay on drying assumes a light olive-grey color. It cal-
cines quite hard to a brownish-buff color, and is quite refrac-
tory hefore the blow-pipe. The bed is at least fifty feet thick,
passing below the level of the alluvial plain. This clay has
not been found elsewhere within the Purchase counties than
along the bluffs southward to the Tennessee line.

No. 2135. Greenish vrefractory clay, from the bluffs at
IMTickman, ninety-five feet above low water. This is the same bed
as that of No, 2141, The dried clay is of a light grey tint, con-
siderably mottled with light brownish ochreous material. If
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is quite plastic with water, calcines to a reddish-buff color, and
is refractory before the blow-pipe, but sintered somewhat.

No. 2334. Iudurated clay from bluff at Hickman, forty-five
feet above low water. This is also of the greenish clay-bed No.
2141, but contains more iron. It is quite plastic with water,
calcines to a light butf color, and fuses before the blow-pipe
into a grey slag.

ANALYSES OF CLAYS OF THE BLUFF AT HICKMAN, FULTON COUNTY.

Beneath Gravel. l Decending Order Beneath No. 2136. | Above Low Water
o= 3 . Unre-
S5 [ § EE‘ Refractory Claya. I fractory
55 %_g EU ! Clays.
. : e =
Air Dried. éé ...Em_ ':‘;E Bluish [Greenish !Greenish
E e &% EY Joint | Yellow | Joint | 95{ft. 451t,
o 5 [=1¢} Clay. Clay. Clay.
No. 2187 I No. 2136 i No.2139 | No.2140 | No. 2138 | No.2141 | No.2135 I No. 2134
Silica. .......... 71.340; 83.380] 71.080; 74.100; 83.50C| 77.960| 76.860] 64.809
Alumina ....... 17.190 9.800| 19.050] 16.460' 9.940] 13.970/ 14.600; 21.079
Iron peroxide...! 2.770; 2.120; 2.8105 2.700{ 2.500| 2.390! 3.020] 6.270
Lime ........... 1.612] 0.963] 0.627 0.358; 0.358f 0.134| 0.425] 1.400
Magnesia ....... 0.209] 0.187] 0.403 0.185; 0.173| 0.163} 0.308f 0.050
Potash ......... 0.925| 0.617} 0.578 0.559; 0.539; 0.797] 0.736/ 0.646
Soda ...~ ....... 0.232] 0.118] 0.225 0.135'! 0.109] 0.124] 0.257| 0.202
Water, etc...... 5.722; 2.815{ 5.227] 5.501] 2.881| 4.462| 3.794 6.662
! [ |
Total ........ 100.000.100.000'100.000 100.000f100.000,100.000 100.0001‘100.000
|
| | I

Dr. Robert Peter said of these clays: “It is evident that
the Tertiary bluffs, from which these clays were collected, offer
some valuable materials to the industrial arts. Some of these
are quite refractory in the fire, especially Nos. 2136, 2138, 2140
and 2141, and would, probably, make good fire bricks, ete.;
others of them could be employed for terra cotta work and
other forms of pottery, while some of these abundant deposits
might, no doubt, be used with advantage, in mixture with the
more calearcous soft material found in some of these beds, in
the manufacture of hydraulic cement of the character of the
celebrated Portland cement.”
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B. Crays or tie CoLtMBUs BLUFFS,—The bluffs that face
the Mississippi river at Columbus, and at the “chalk banks”
two miles below, rise more than one hundred feet above the
town, the upper portion composed of thirty feet each of grey
silt or loess and gravel. Beneath the gravel there is a bed of
variegated colored plastic clay, fifteen feet in thickness. Be-
neath this there are about cighty-five feet of silicious clays,
bluish when freshly exposed, but cn drying become greyish and
highly indurated. The Dbed incloses fragments of stems, bark
and leaves, and belongs to the Lignitic division of the Tertiary
formation. The bed in the Columbus bluff is not continuous,
but has been cut away in that portion lying nearest the town,
and its place filled with thin beds of clay and indurated sands
of the Lagrange group. It also forms the bluff that rises im-
mediately from the water’s edge at the “chalk banks.” The
three analyses that are given below are of this bed, and Dr. Peter
reports that they are all very infusible before the blow-pipe,
and burn hard to a light cream color. Their refractory char-
acter in the fire makes them useful for fire-brick, though the
high percentage of potash probably unfits them for use in glass
works where an extreme heat is employed. Their fine silicious
character might also make them useful as a scouring material.

These beds are exposed in the bluffs east of the town; the
gilicious clays in the deep ravine by the Clinton road, and the
upper plastie clays in the face of the bluff, south of the rail-
road cut, and by the road leading down the edge of the bottom.
At the “chalk banks,” the silicious fire-clays have again been
cut away on the north side, and in their place we find the inter-
stratified beds of fine plastic clays and white sand.

The same is true of the bluffs north of the Columbus ex-
posures, none of the silicious beds having been observed until
a short distance beyond Laketon, after which they are seen as
far as Wickliffe occasionally, and northward to Cane creek.
Belonging, as they do, to the lower or lignitic Tertiary forma-
tion, we naturally find them, further east, associated with the
belt of dark clays in McCracken and Graves counties. Analyses
of specimens from several localities are given below:

No. 2715. Fire-clay, from the bluff above Columbus, Hick-
man county; taken sixty-five feet above low water. It is plas-
tie, and owes this property to the state of very fine division of
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the large quantity of silicious sand which it contains; its 10.260
per cent. of alumina being equivalent to only 25.920 per cent.
cf kaolin, the basis of true clay.

No. 2162. Clay, from the bluffs in the upper part of the
town of Columbus, Hickman county. This is the same bed as
lhe preceding; is of a light grey color, almost white, and quite
sandy. It is plastic, burns hard, and of a light c¢ream color.

No. 2161. Clay, from the “chall: banlks,” two miles below
Columbus, Hickman county. It burns hard, is refractory be-
fore the blow-pipe, only sintering a little.

ANALYSES OF WHITE AND SILICIOUS REFRACTORY CLAYS OF
HICKMAN COUNTY.

| " Chalk

Banks 2
l Bluffs North of milesSouth

Columbus. of

Air Dried. Columbus.

I No. 2745 I No. 2162 | No, 2161
SIER wrerrrinrereiennnnns e i 85.180 84,918 76.360
Alumina ......iiiiiiiiiiiiiirtetssanotaenns | 10.260 10.560 14.951
Iron peroxide.......ccoierinirrenorcnncennnes } 1.120 1.102 2.109
LimMe civoiiriniiiiinerntneeonrasnansennsnns : Trace 0.572 0.325
Magnesia ....ovvceviirercroncoraaneernacanas 0.064 0.108 0.173
Potash ...ciiciieiiiiiencnsrrnnasnananncnsns C.954 0.651 1.171
SOAA vevvereanercunncatoncersoassosonsacasnns ; 0.146 Not Est. 0.125
Water, ete. ....viiiiiiiiiiincirncnstnoanaas ] 2.276 2.089 4.786
Total ..iiveeirenecesenssnnnencnonnnennnn 100.000 100.000 100.000
SANA toevreecncterrnorosroronosssssasannonss] seseson 68.500 69.000

The clays from the bluffs north of Columbus are the most
refractory, and, in composition, compare well with the German
class-pot clay—containing less iron and a little more potash.
The alumina percentage is low, though perhaps sufficient. At
any rate, the clays of both Columbus and the “chalk banks”
arc fully worth a trial at an.intense heat. |

C. WHITE orR LIGHT COLORED PLASTIC CLAYS.—These are
found in greater or less beds in each of the counties, but be-
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long especially to the formation known as the Lagrange group
of the Teritary, and were deposited since the deposition of the
black clays. They are usually white or light purple in color,
highly plastic when dry, adhering strongly to the tongue, and
when cut present a very smooth, unctious surface. 7The beds
vary in thickness from a few inches to many feet. The chief
localities of occurrence are as follows:

No. 2640. White pipe clay, from Rufus Morris place, three
miles cast of New Providence, Calloway county. [This place
is on the New Providence and Cypress Creeck Road and is at
present date (1905) owned by Mr. Eli McClure] It is over-
laid by about ten feet of loam and gravel. The bed is made up
of two inches of white sand, overlying another bed of about
cighteen inches of white clay, which rests upon a thin layer of
ferruginous sandstone. The latter separates it from the bed
of black, pyritous clay, No. 2641, described elsewhere (in the
“Jackson’s Purchase Report”). The thickest part of the bed
contains small pockets of a fine white sand, and occasional spots
of ochireous clay. This clay, at the Rookwood Pottery, made a
white biscuit when unglazed, but, on being glazed, became of
a brownish-white color, unsuited to the finer classes of ware.

No. 2643. White plastic clay, from Russell’s pottery, six
miles northeast of Murray, Calloway county. [This place is
on the Murray and Newberg Road. The clay is yet owned by
Mr. W. K. Russell, who operates the pottery.] The section
given is as follows: .\ surface covering of six feet of brown
lcam, four and a half feet of sandy clay, one foot of white clay,
one and a half feet of black clay, and three feet of fine white
clay, underlaid by brownish sandy ¢lay and yellow micaceous
sand. At the Rookwood Pottery this clay made a beautiful,
light cream-colored ware. Dr. Langenbeck, at the time super-
intendent of the pottery, said of this clay: “With the addition
of some flint, makes a very beautiful ivory-ware, almost exactly
resembling that made by the celebrated firm of Copeland &
Sony, in England, for table and toilet sets.” It requires a high
heat for burning, and would be improved by mixing with other
clays, . . -

[Clay from this deposit has recently (1905) been quite ex-
tensively shipped to clay-working industries in Covington and
Newport. The section of the pit is materially the same as that
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given above, except that in place of three feet of fine white clay
near the bottem, it shows mow of a thickness something like
six feet.]

No. 2639. White clay, from one milc cast of Wyatt's school-
louse, in the northwest corner of Calloway county. [Two hun-
dred and thirty-eight acres, including most of the exposures
of this clay, is owned by Mr. John R. R. Lindrer, Cincinnati,
Ohio. Thirty-eight acves of the territory, however, is owned
by Mr. I2d P. Phillips, of Murray, Ky. The land is on the May-
field and Murray Road, eight miles northwest of Murray.]
This clay is very white, has a few ochreous spots, and is ex-
posed at a number of points in the bank of a creck beneath a
few feet of gravel and loam and in beds from three to ten feet
thick, its true thickness being unknown. [Mr., Lindrer recently,
in 19035, hored with a clay auger to a depth of twenty-five fret
into this deposit without penetrating the entire thickness.] It
outcrops also in the blutf at Backusburg. In places it has a
bluish and in others a pinkish tint. The upper eighteen inches
of the bed is usually of a mottled character, but altogether is
highly plastic. Quantities of this clay have been shipped to the
Evansville stoneware potteries, but the yellow ferruginous spots
unfit it for such white ware. The Rookwood trials produced
a brownish-white color when glazed.

[4. B. Edwards’ clay, near the Mayfield and Murray Road,
eight miles northwest of Murray, Calloway county. This clay
is a continuation of the deposit noted one mile east of Wyatt's
School-house, described under No. 2639 above. It is a white
or light gray, plastie clay, covered by twelve feet of stratified
Drift, or Lafayette Gravel, of the Quaternary, and the exposure
shows a thickness of about five feet. The address of Mr. Iid-
wards is R. F. D. No. 1, Kirksey, Ky.]

No. 2666. Clay, from Howard’s pottery, Bell City, Grares
county. [This clay is mined on property owned, near the pot-
tery, by Mr. W. B. Howard. The pottery is at Rock (formerly
known as Bell City), on the Maxfield and Paris Road, eighteen
miles southeast of Mayfield.] The clay is of a Iight brownish-
grey color with vellow ferruginous spots, and with some pur-
plish, round and hollow concretions. It is infusible before the
blow-pipe. The bed is from six to ten feet thick, and is used
here in the manufacture of the ordinary brown jugs, jars, ete.
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It burns at a moderate temperature, and, with a white slip-
clay, would make cream-colored ware. [There are about eight
feet of brown loam above the clay with a thin layer of gravel
directly on the clay.]

No. 2663. Stiff plastic clay, from Pittman’s bank, three
miles west of Lynnville, Graves county. [This clay was owned
and mined several years ago by Mr. J. W. Pittman, who oper-
ated a pottery near by. This property is on the Lynnville and
Boydville Road, and is at present (1905) owned by Mr. Charles
Snow.] The clay is very fine, of a brownish-gray color, and
infusible before the blow-pipe. Its very stiff and intractable
character compelled Mr. Pittman to mix with it a silty clay
found in the hillsides near the pottery. The clay bed is very
massive, its fresh, vertical surface showing very pretty lamina-
tion markings. The bed is exposed for ten or fifteen feet in
thickness, is partly purplish in color, and holds some thin layers
of fine sand. The tests at the Rookwoed Pottery show a shrink-
age of about ten per cent.; the unglazed biscuit is milky-white,
but the glazing gives to it a brownish color.

No. 2141. Clay from Wm. P. Arnett’s land. on Panther
creek, six miles east of Mayfield, Graves county. [This prop-
erty is still owned by Mrs. Wm. P. Arnett. It is on the May-
ficld and Wadeshoro Road.] The bed is exposed for about eight
feet above the water, a bed of lignite appearing below the water
at a point near by. The clay is bluish when wet, but grey when
dry, and is quite sandy. It is quite plastic, and burns to a light
salmon color, does not become very hard unless exposed to a
very high temperature. It is refractory before the blow-pipe.

No. 2573. Fire-clay, from the bank of the branch near the
stave factory at Wickliffe, Ballard county. [This is the clay
of River Lot No. 6, owned now (1905) by a company composed
of C'has. Wickliffe, J. W. Turk, A. Botkins and H. P. Garret,
of Wickliffe.] This bed is exposed for a thickness of ten or
twelve feet, and underlies a thin bed of lignite. It is again ex-
pesed in the bluffs between Wickliffe and Fort Jefferson. It
is dark grey in color, highly silicious, with more than fifty-
three per cent. of fine sand, and fuses with difficulty before
the blow-pipe; it calcines white. The Rookwood Pottery tests
show that it burns with moderate heat to a buff or light yellow-
ish-brown color, and would make the Rockingham ware. [The
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deposit is covered by from ten to twenty feet of Stratified Drift
or Lafayette Gravel.]

No. 2568. Rcfractory white clay, from one-half mile north-
west of Blandville, Ballard county. It is quite plastic, con-
tains mo appreciable coarse sand. It is infusible before the
blow-pipe, and caleines white. .

[This property is now (1905) owned by Mrs. Addie Marshall,
of Blandville, Ky. The land is adjacent to Blandville on the
north and the clay exposure is on IFulton Branch. The section
here is as follows:

1. LOAMI teeevececasonsnsveessescssasossnssassssassnssonsens 10 ft.
2. Lafayette Gravel (Stratified Drift)..ccceceveseaccecscces 60 ft.
8. Stratum of limonite.....eeveeerercenccacnceassccocane ~ee ¥ in,
4. Grey Clay...ceeeereensssoacssvecnscsnsancsscssssesassnans 16 £t.]

No. 2104. Rcfractory clay, from near 3Moore’s 1ill, one
mile southwest of Blandville, Ballard county. It is exposed
in the foot of the high bluffs that face the bottom lands of May-
field creek.

- [This property is near the Blandville and Bardwell Road
and is owned by Mr. Henry Johnson (1905).]

At one point, a bed of lignite overlics the deposit. When
freshly exposed it is bluish in color, but dries to a light grey
color, nearly white, but with some yellow ochreous spots. It
is quite plastic, calcines to a light salmon color, and is quite
refractory before the blow-pipe. It contains nearly forty-eight
per cent. of white sand, which was so fine that it was somewhat
plastic when wet and adherent when dry. The shrinkage of
this clay, as shown by tests at the Rookwood Dottery, is about
fifteen per cent., and the ware made from it is colored dark buff
or vellowish. )

[J. L. Turk Clay, from Wickliffe and Blandville Road one
mile west of Blandville, Ballard county. This clay is, in all
probability, a continuation of the deposit described above. The
exposure is at the foot of the bluffs of Stovall creek. The clay
is very similar in appearance to the Henry Johnson clay except
that it is possibly a little lighter in color when freshly exposed.
The section c¢f the exposure is as follows:

1. Gravel and sand (Lafayette)....cccoocvvcecannans sesesss 18 ft
2. White or greyish €lay...ccvceeeeenerscescassoncenrconss 4, it.]
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No. 2571. White Plastic Clay, from the banks of Cane
creck, tieo miles north of Wickliffe, Ballard county.

[Property owned by Mr. Philip Rollins at date of revision.
Situated on Wickliffe and Cane Creck Road. A section of the
present exposure shows fifteen feet of grey clay covered by tive
to ten feet of loess.] . )

This clay is silty in character, but quite plastic, as shown
in the large percentage of alumina present. The bed has a thick-
ness of several feet. It contains much fine white opaque sand;
is infusible before the blow-pipe, and calcines white. It would
make a good fire-brick, containing, as it does, comparatively
little iron and potash in its composition.

[1. C. R. R. Deposit, one-quarter of a mile south of Wick-
liffe, Ballard county. Alongside the new railroad from Wick-
liffe to Mayfield there is an exposure of clay just out of Wick-
liffe, which shows the following section:

L Li0ESS verueteitinsnssraaaanaanroreennnannoreseseennnnnas 30 ft.
2. Gravel (Lafayette) ......ccoiiiiiieivniereninnennennenn 2 ft.
3. Sand and Fellow Clay....ovvieeierrnrenenrannnonennssnnns 5 ft.
4 Grey Clay..ciiieieiiinennnresreiossnueroetossennnnsnenenns 7 ft.
S TR -5 ¢ .- 2 ft.
6. Grey clay...... e e e et raaaa, 8 ft.

This deposit is continuous with clay reported as No. 2573
en River Lot No. 6.]

[River Lot No. 4, in the northeast part of Wickliffe, Ballard
county. Here there is a deposit of grey, plastic clay giving
the following section:

1. Loam and LoeSS. . iicuiecerrnnerereeesnnsorcoeasennnes 10-30 ft.
2. Gravel (Lafayette) ....cccvievnennennenneanerannnnns soe 3-10 ft.
3. Grey, Plastic Clay..iivieerirenrennerrencencnneenocoenans 20 ft.

This clay property is owned by a company composed of Dr.
N. L. Rogers, Dr. J. C. Boone, Mr. Augustus Keppner and Mr.
J. H. Tharp.]

[The William ITenderson Place, one mile northeast of Wick-
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liffe near the Wickliffe and Barlow Road. Here, there is a
deposit of clay showing the following exposure:

1. Gravel (Lafayette) .eceveeenecenneresnaeecnnneans 3 ft. (Hill, 30 £t.)
2. OChreous Clay...cveeeeeecesoencarscocsasscacsoons 2 ft.
3. Lignitic Clay...evieeerenececcacecsnsancroncsssnn 10 in.
4. Grey, plastic Clay..ceveerevevecsvanesnsnsncncnanas 7ft.

This exposure is at the base of a hill about thirty feet high
and appears to be quite extensive horizontally as well as ver-
tically, The deposit centinues on to the property of Mr. B.
I, Billington on the west.]

No. 2105. Clay from the farm of T. D. Campbell, near
Laketon, Carlisle county.* [The property is owned at pres-
ent (1905) by Messrs. C. Davis, T. J. Wilson and John Bra-
shear. The deposit is covered by loam and gravel which varies
at different points from five to thirty feet.]

The clay has a light purplish-grey color, with a few ochreous
specks, and somewhat sandy. It is quite plastie, decrepitates
strongly when exposed to heat, unless it is thoroughly dry.
Calcines hard, and before the blow-pipe is quite refractory.

No. 4. Clay from Mr. Samuel’s farm, four miles south of
Blandville, Ballard county. [This farm is on the Bardwell
and “Rose Cross-Roads” Road and is at present (1905) owned
by Mr. W. Z. T. Smith. A section of the deposit follows:

1. S0Il .iviiieenisennccnnnnncanssseeasseasssanssnsssscnann 1ft
R 0 T« 215-5 ft.
3. Gravel ..cuuceveesvsesasasssasencsssssssscosasncecnnanas 2 ft.
4, Iron layer (limonite)...eeveveeicrrcacecensccnceancanes 1in,
5. Grey, plastic Clay..ecceecevecsccscsessscensnscrcsssanns 44 £t.]

This clay exhibits minute spangles of mica under the lens;
heated before the blow-pipe, it becomes first dark colored, then
burns white. [There is about one hundred and sixty acres of
land underlaid by the deposit as shown by the outcrops.]

No. 2570. Plastic Clay, from George Ryan’s place, on the
north bluff of Little Mayficld Creek, four miles northeast of

*Was part of Ballard County when Dr. Loughridge’'s examinations were made.
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Milburn, Carlisle county.* [This clay property is now (1905)
ewned by Mrs. E. J. Carrico. The exposure is along the Bard-
well and Kirbytown Road.]

It is exposed in a number of places along the bluff with a
thickness of four feet. It is very stiff, and contains some fine
sand. It is infusible before the blow-pipe, and calcines to a
light grey color.

[Ars. . J. Reddicl’s Clay, northeast part of Bardwell,
Carlisle county. Here there is a yellowish-grey clay deposit
at the base of the Stratified Drift or Lafayette IFormation
of the Quaternary, which shows the following exposure along
the rcad leading out toward Blandville:

1 Soil and Bravel...ioiviiavennennrneneinnnensneeonenanns 3 ft.
2. Iron layer (HMODIte)...uvuvereereennereieeeenennneaenns 34 in
3. Yellowish-grey Clay ..oveveirieniaenenennenenennnnnnanns 54 ft.]

No. 2569. Bluish Plastic Clay, from e ravine near the
road, three miles east of Blandville, Ballard county. [This
is on the Blandville and Lovelaceville Road and the land is
owned by Mr. C. Brown and Mrs. Ellen Linderman, on the
north and south sides of the road respectively. The clay ex-
tends under land on both sides. The deposit is covered here
by about seven feet of Brown Loam.] .

On drying, it is of a light-grey color or buff; contains no
coarse sand. Before the blow-pipe, it fuses with difficulty, and
calcines to a light-grey color. It has an observed thickness of
about three feet, and underlies a thin bed of red sand. [There
is about ome foot of gravel above this red sand and recent ob-
servations show the clay to be at least seven feet thick.]

[Mrs. Walston’s Clay.—This deposit is in the southwest
part of Bardwell, Carlisle county, and is owned by Mrs. E. (?)
Walston. The property is along the Illinois Central Railroad

and in a large gully to the west of the road one finds something
like the following section:

B . .« SO 20 ft.
2, Reddish and sandy €lay......ccueveeivirncrnrenncannnns 5 ft.
3. Drab, plastic Cl8Y...vicieveivirieenenriveeernnencnneenns 4-6 ft.]

*Was part of Ballard county when Dr. Loughridge's examinatlons were made.
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[The Wm. Keynolds Pluace—This is near the Columbus and
Cairo Road, three miles north of Berkley, Carlisle county.
Here there is a very pretty pink and yellowish clay at the base
of the Lafayette Gravel showing the following section:

B O 5 T N 10 £t
2. Pebbles and conglomerate iroD.........oieeeeeneennennns + 1ft.
3. Pink and yellow Clay...cieecieiirennnennrecaronecnnnnnns 8 ft.

This exposure is along a branch or drain at the foot of high
bluifs of Loess and may be traced around on the property of
AMr. B. I. Gannaway on the south, and Mr. M. R. IIolland on
the east.]

No. 2759. Micaceous Clay, from the place of F. N. Burra-
dell, five miles north of Benton, Marshall county.

[This property at date of revision is owned by Mr. Wm. W.
Burradell, son of F. N. Burradell. It is located on the Briens-
burg and Gilbertsville Road cne mile east of the State road
from Benton to Paducah.]

The clay occurs in layers with white sand, and is inter-
spersed with small pockets of the sand, but is otherwise quite
plastie. It outcrops in several places, but its total thickness
is not known. It is infusible before the blow-pipe and calcines
Lard. Washed in water, it left 70.33 per cent. of fine, whitish
sand containing small mica scales. The Rookwood test gave
a milky-white unglazed biscuit, which became a rather dark
cream color on glazing. Its shrinkage is ten per cent.

[Reeent investigations (1905) show this deposit to be cov-
ered by about four feet of soil and gravel and to be at least ten
feet thick. The indications are that the deposit is very exten-
sive, both horizentally and in thickness.]

No. 2763. Micaccous Clay, from J. T. Pugh’s place, two
miles east of Palma, Marshall county. [This property is at
present date (1905) owned by Mr. L. Faust and is located near
the Palma and Birmingham Road.]

When freshly exposed, it has a light, bluish cast, but be-
comes greyish on drying. It is plastic, and fuses with great
difficulty before the blow-pipe. It holds small pockets of white
sand, and has a thickness of several feet. The Rookwood test
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produced a white unglazed biscuit, which, on glazing, became
a dark cream color. Its shrinkage is about fifteen per cent.

[This clay is a continuation of the beds found on Mr. Wm.
W. Burradell to the south. ‘This deposit of grey or whitish
plastic clay is everywhere overlain by the Lafayette Gravel and
perhaps belongs to the Quaternary serics, forming the lowest
beds of that age.]

No. 2211, Clay, from Mr. Munie’s, five miles south of
Paducah, McCracken county. [Property now owned by Mr.
Gus Munier. It is located on the Paducah and Mayfield Road.]
The bed is massive and its thickness unknown. The clay is
bluish when first exposed, but dries to a light grey color, nearly
white, and mottled with a very light ochreous material. It is
quite plastic; before the blow-pipe, it burnt hard, of a light
gray color, nearly white, and finally fused with great difficulty.
Tests made in the Rookwood Pottery gave a white unglazed bis-
cuit, and showed a shrinkage of about 15 per cent. The clay
is exposed on the side of a sloping hill, and has but compara-
tively little surface covering of earth.

[On Mr. Richard Bell's place, four miles south of Paducah,
on the Mayfield road, McCracken county, there is a deposit sim-
ilar to that at Mr. Munier’s—doubtless a continuation of it.
An analysis was made by Dr. A. M. Peter, Survey Chemist, of
a sample taken by Mr. J. A. Bauer, proprietor of the Paducah
Pottery. The sample may have been roughly washed. As re-
ceived, the clay was nearly white, in small lumps which broke
with an imperfectly conchoidal fracture. TFollowing is the
analysis:

No. 12972 of {he Laboratory Book.

Per cent.
Moisture ....ecoveieniviinnnnnn. eesetecsreessatasrerenanes 0.88
Ignition (combined water, ete.).....ovvevuivirinrnnrennnnn, 6.35
£33 67.07
AJUIINA iettiiiiiiieitiietrrnenntneaeeatnaesnneeannaes 20.72
Tron peroxide...c.iuiniiieinineeiinriniiininnrnnnneenns 0.99
L taii ettt ettt ettt et e aaans 0.25
Magnesia vouvnetiiiiriiiiieeieratinritrirrateentcranannes 0.09
Potash ...... ekttt ettt aet et et ae e bensereaeenereens 1.59
5T 0.i7
Sulphuric anhydride. . oucicieriiriniereniiiieensennereannens 0.07

Titanie oxlde. . ivieeiirniiiniiireriereeeneenseenseensaenns 1.04
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Dr. Peter remarks on the very refractory silicious character
of this clay, resembling in composition the German glass-pot
clays of which analyses are given on page 343 of Volume A,
Chemical Analyses, Kentucky Geological Survey, and, also, on
a succeeding page of this report. The suggestion that the analy-
sis was of clay which had, to some degree at least, been washed,
occurs when comparison is made with the analysis of the Munier
clay, No. 2211, hitherto described.]

[The Victor Welch Clay.—This deposit is on the Lone Oak
and Mayficld Road, four miles southeast of Lone Oak and eight
miles southwest of I’aducaly, in McCracken county. It is a
light grey clay and has been used to scme extent by Mr. J. A.
Bauer in making stoneware at his pottery in Paducal. An
analysis of a sample collected by Mr. Bauer, made by Dr. A.
M. Peter, is given below. The sample analyzed consisted of a
light grey or nearly white clay in small soft lumps, some of
which showed occasional patches of brownish ochreous clay.

No. 12971 of Laboratory Book. Sample air-dried.

) Per cent.

MOISEUI'® tevnreieneniosnronssserossssnavretsonaossaresncnons 1.48
Ignition (combined water, ete.) . ..veviiincnirirneerecneneans 6.28
1538 B 68.34
- D 4« 18.82
Iron peroxXide cooivuienrneieeioeniiecciasiarancanannssernanns 1.64
LAIE tivevnnrerresasnsnoscsosesononcecennsnosossncacannnns 0.35
MagneSiad coveeerereerenneeetrescaancssaceroacssacanenansaese 0.36
POtaSh tiiirenreaneecasonsestssncaccsonceascasssesnssncnons 1.40
ST - T DS 0.22
Sulphuric anhydride...c.oeeecneieincieieianearorenvesanenes 0.08
Titanic oXIde. ccuvirieieniereneneeeeaccrasaacssons eeessnren 0.89
99.86

Dr. -Peter calls attention to the very refractory silicious
character of the clay. Compare the analysis with those of Ger-
man glass-pot clays given in this chapter.

The deposit continues southward from the Weleh place on
to lands of Mr. William Roof and Mr. William Grief. The
thickness of the clay is not known; about four feet have been ex-
posed. It is covered by four feet of gravel and seven feet of

brown loam.]
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TFollowing are the analyses of the clays No. 2640, etc., noted
in the preceding descriptions:

REFRACTORY WHITE OR LIGHT COLORED CLAYS.

Calloway Co. Graves Co. | Marshall Co. Mégr'
v 2 1. . . . K - a R 2 . .
35 |2fusl angl 52 | o83 53 |Savg| S92 £33
23 3EEE\8nad) (O | B3| D57 |BEEE| 6af | iis
amonmn, | 558 |2553 55| B | B0 | B30 |E°ER| 2| 2B
| : [ | [
I{Vo 26401\0 2643|\0. 2639|¢N0. 2666 No. 2663{No. 2141, No. 2759})’0. 2763].\’0.2211
| l | i
|
Silfea..ciianaenen 61.680 | 57.840 | 46.020 | 56.980 | 62.680 j 75.550 84.580 62,920 | 64.480
Alumina .. .... 28,500 | 30,340 | 38.980 32.160; 235.880 | 16.751 10.650 29,880 | 24.691
Iron peroxide..| 1.68¢ 1.180 | trace. 21601 2.900 1.198 ! .330 | trace. 1.869
Lime ..c.ccceeen 101 I .01 1713 | trace. [ trace. i trace. | 137 | trace. .448
Magnesia ..... ] 136 030 | 136 l .209 : 319 44 .10t .209 377
Potash ........ 1,158 618 ] 309 .838 | 1.14" 1.094 ‘ 954 1.564 1.457
Soda svvenanens 822 518 172 111 | .928 | 216 | .292 172 .083
Water, etc. 5.923 9.442 ' 13.610 7542 | 6146 | 5.047 ) 2.956 5.255 6.835
| | |
Total ...... 100,000 |' 100.000 | 100.000 | 100.000 \ 100.000 | 100.000 i 100.000 | 100.000 | 100.000
|
[5:1, T S ‘ ............ 16.440 l ...... | 63.000 | T0.330 | ceenee | eeeves
"REFRACTORY WHITE AND LIGHT COLORED CLAYS.
BALLARD AND CARLISLE COUNTIES.
- T Y s T2 . Es T e9E | T 3
AIR DRIED. 3 T | £9% | 9Ed |edB | £3% | 5B | 243
R4 ] =] = 8
Bl ® |2Alg%E |5 9|88 | 835 | £9A
No. 2573 | No. 2568 ; No.2104 | No.2571 No.2105| No.4 |No.2570 | No. 2569
Silica ...vveennn 73.2401 74.840] 74.460| 63.840; 67.501| 71.940| 76.540| 71.180
Alumina, ....... ¢ 15, 760| 16.58011 18.070‘ 26.040! 23.051| 20.700| 14.820] 20.800
Iron peroxide...i 1.920 1.400 1.633] 0.740] 2.109| Tracel 0.960|- 1.780
Lime ..oovvaneen ! 0.325! 0.2691 0.314} Trace! 0.257| 0.370] Trace| Trace
Magnesia ....... 1 0.519: 0.209| 0.245] 0.137] 0.065| 0.350] 0.331] 0.101
Potash ......... 1 1.467. 1.293° 0.940] 0.714! 0.412] 0.630{ 0.926} 0.247
Soda .......0.0. 0.147| 0.283| 0.021' 0.207] 0.020!....... 0.2291 0.291
‘Water, ete. ..... 6.622i 5.126! 4.317| 8.322! 6.585| 6.200f 6.194] 5.601
l | ! I I t
Total ........ !100 000 100.000'100. 000]100.000!100.000:100.000 100.000!100.000
Sand ....c.00000e | 53.490'....... | 48.000] 44.000'....... | ............ veevene
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Of the above clays, that from near Wyatt’s school-house, in
the northwestern corner of Calloway county, is, by far, the
richest in clay, and at the same time contains the least amount
of alkalies and iron, and the highest percentage of lime. The
bed itself, however, is more or less permeated with light streaks
of yellow ochre, which would give to the whole more than a
trace of iron. 'The next in purity, or in freedom from iron and
the alkalies, is that from four miles south of Blandville, in Bal-
lard county (No. 4), which contains but little more than half
a per cent. of iron and alkalies. The two clays from Marshall
county, and the specimen from Cane creek, immediatly north
of Wickliffe, in Ballard county, come next, with their one and
a half per cent., respectively, while in all other specimens the
combined percentages of iron, potash and soda are above two
per cent.

A few of the clays contain a very large amount of sand; but
this would be separated from the finer material in the process
of manufacture of any ware. The analyses are, therefore, cal-
culated upon only the fine material.

[/. R. Bowles® Clay, near Lamont, McCracken county. A
soft, white clay, having the appearance of kaolin. Thickness,
60 or more inches.  Shows a face for about 100 yards horizontal-
ly. Analysis by Dr. A. M. Peter of air-dried sample:

Per cent.

MOIStUIE triitiitriiiienanenncrarennnecnnencesseseenennnns 1.19
Ignition (combined water and volatile matter).............. 5.38
SHHCA tereenrcnereeeneenseseeeeenareseenessnsesecnneeaseanes 72.56
ANMING . iiitiieiiiettterioaeeioseaenconrroseecssanssansnes 15.98
Ferric oXide cvviveiiiitnnereiiieeenntoansncscoransonarannnns c.89
5% 5 ¢ X Y 0.41
MaBNeTIA tiviiiiiiiieatrnrictoecssonssaccssosossracesocanne 0.19
POtash ceuieireironineoiieeiiaieeaiieriiiasersaenassassnsansns 1.68
ST .35
Titanic 0Xide ...vveerneietiieieneceentasctenenassacnserana 1.42
Sulphur trioXide ...coceieorcieeseianscesiocnianeinsssnasonsns None
100.05

Dr. Peter remarks: “A good, high silica clay, which should
be quite refractory and ought to be valuable.” This has been
verified by a test made by Mr. John Geo. Bauer at the works of
the Paducah Pottery Company. It burns nearly white. IMr.
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Bauer, an expert potter, pronounces it a high-class bali clay.—
C.J.N.]

D. Brack AND BLUISH-BLACK CLays.—The clays of this
division are confined to the Cretaceous and lower or Lignitic
"Tertiary Dbelts that pass through Calloway, Marshall, McCrack-
en, Carlisle and Ballard counties, and also to the Port Hud-
ron division of the Quaternary, which occurs in the valley
and bottom land of the three bordering rivers. The dark color
is chiefly due to the decayed vegetable matter, which burns out
with sufficient heat. The dark color is also intensified by mois-
ture, becoming a lighter black on drying.

The clays of the Cretaceous and Tertiary divisions are very
refractory, and would possibly make good fire-brick; but those
of the Port Hudson contain so large an amount of iron and
potash that they fuse with readiness before the blow-pipe.

No. 2641, Blaclk Plustic Clay, from Rufus Morris’ place,
three miles east of New Providence, Calloway county.”

[Property is on New Providence and Cypress Creek Road
and owned at present by Mr. Eli McClure.] It underlies the
white plastic clay No. 2640, and its thickness is unknown. On
drying, it becomes a light slate color. It contains, in places,
much iron pyrites in small rounded grains. It is imperfectly
laminated, fine-grained, and its powder is quite soft.

No. 2642. Stiff Darls Joint Clay, or so-called “soapstone,”
from the bluffs of East Fork of Clark’s River, at the Paris
Bridge, south of Murray, Calloway county. It is the character-
istic clay of the castern outcrop of the lignitic Tertiary, reach-
ing from the Tennessee State line northward to Paducah, and
thence westward to Caledonia, on the Ohio River. Its thick-
ness is, at some points, as much as ninety feet. It is more or less
ochrecus in character, its fractures or joints being usually per-
meated with yellow ochre. It is highly indurated and some
what micaceous. Tests made at the Rookwood Pottery indi-
cate that it ean not be used for glazed ware because of the
shivering of the glaze. It might be successfully used in the
manufacture of water-jars, which require no glazing. The un-
glazed Dbiscuit is pink in color. Miked with an equal weight
of the white plastic clay from Russell’s pottery, east of Mur-
ray, it receives a good glaze, and makes a light chocolate-colored
ware, dotted with black specks from the mica particles. [This
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clay is exposed at many places over the territory around Mur-
1ay, and all wells of any considerable depth penetrate and find
their water supply in this dark joint-clay of the Lignitic Ter-
tiary Age. Property showing the exposure at Paris Bridge is
owned by the N, C. & St. L. Railroad, but it is found at various
points along this branch of Clark’s River.]

No. 2644. Dark clay, from the place of J. H. Mahan, six
miles east of Murray, Calloway county. [This property is
located near the Murray and Newberg Road and is owned by
Messrs. John Jones and Henry Willoughby.] The clay is black
when freshly exposed, but on drying becomes a purplish-slate
color, and contains fine white sand and minute specks of mica.
Its depth is not known, but must be several feet. It is here
exposed in the side of a long sloping hill, and there are but
a few feet of overlying material. The Rookwood tests pro-
duced a yellowish-white ware, a little darker than that from
Russell’s pottery, which is so highly admired.

Dr. Langenbeck, who superintended the tests, expressed the
opinion that, mixed with a little flint, it would not require high
heat, and would make very pretty cream-colored ware. The
dark color of these clays seems to be due to the vegetable mat-
ter, which burns out, leaving a greyish mass. The alkali per-
centages are about what are found in the other clays, while that
of the iron in the specimen from the Paris Bridge, near Mur-
ray, is very large, showing itself as a yellow ochre in the cracks
and seams in the clay. The amount of lime is very small. [This
clay is evidently at the top of the Lagrange-Tertiary and at the
base of two to ten feet of Brown Loam and Lafayette Gravel.]

[James Dulaney Place.—This land is located near the May-
field and Murray Road, eight miles northwest of Murray, Cal-
loway county. The farm joins that of A. B. Edwards on the
north. Along a branch near Mr. Edwards’ home, there is an
exposure of dark-grey, very pyritous clay. Iron pyrites occurs
in the clay in two forms; it is disseminated in small grains
through the clay and also in the form of round and oblong con-
cretions. The deposit is covered by six inches of soil and five
feet of gravel, as shown by the following section:

1. Soil and grass rootS..ccceececeacessssecersasacsonsessane 6 in.

2. Gravel (Lafayette) .....ccieuveceerconcnocntennoncnass .. bft
3. Dark, pyritous clay..ccceeececcees secscsancene seesenasae 2ft.y

-
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The upper two feet of the deposit (No. 3 of the section) are
exposed for several hundred yards along the branch. The ex-
posure is in timbered lands and a luxuriant plant growth is
found above the bed.]

IFollowing are analyses of the refractory black clays, No.
2641, etc., noted in the preceding descriptions:

REFRACTORY BLACK CLAYS.

CALLOWAY COUNTY.
. Jones &
McClure’ At P .
easct qt"l ;?cgv Brid?zl;.s Y,V;?{’,:’_ﬂ,‘;"y
AIR DRIED. Providence Murray of Murray
Black Stiff Joint .
Plastic Clay |  Clay ~ |Bluish Clay
No, 2641 No.2642 | No.2644
Sillca civiiiiiiiiriiriitttitenitinens Ceseaas 56.680 66.380 54.140
Aluming ..oiiiviiniieianiiiiiiiintenecennes 29.700 16.480 32.140
IrOR PeroXide...eeeveernvneceneeeencnannonas 1.480 3.500 | 1.040
5 Trace 0.213 0.011
Magnesia ...ceeeeereiiiiiiiiiiiciicttncenaaas 0.281 0.497 0.032
1 - 1.004 0.928 0.965
1 T - 0.274 0.228 0.468
‘Water, expelled at 380° F. ......vcevvennnnn. 10.581 { 11.774 11.204
Total sevenneenenennrannenas teesesnassenn 100.000 100.000 100.000
1 T« Y 39.780 39.000

COMPARISON WITH GERMAN CLAYS.

A pumber of our Kentucky clays compare favorably in their
analytical results with the German glass-pot clays, which are
so celebrated for their great refractory character. As will be
seen in the table given below, the percentages of iron and potash,
the injurious ingredients, are comparatively. little above those
of the German clays, and in several instances one or the other
is much less; while in the Calloway county clay, No. 2639, there
is only a trace of iron, a small amount of potash, and very large
percentages of silica and alumina, making this a far purer
clay than the German; in fact almost a kaolinite or hydrous
silicate of alumina, a mineral with the composition of silica
46.3, alumina 39.8, and water 13.9 per cent.

There is but little doubt that these clays can take the place
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of the German clays in those establishments where they would
be required to withstand the most intense heat. They are at
least worth the trial. Transportation facilities alone are in
favor of the German clays, which are brought over as ballast
in vessels, and, therefore, at a very low cost to those who use
them.

The German fire-clays arc supposed to be the most refractory
clays known, and are imported for the construction of crucibles
to withstand a very high heat, but particularly for our glass
manufacturers, who seem to agree that no other known clay
will so completely withstand the great heat of their furnaces,
and the fluxing influence of the melted glass, as this. It is
consequently almost universally used as the material for the
construction of the glass-pots or large crucibles in which the
glass is made and melted. On a visit to the International Cen-
tennial Exhibition at Philadelphia, the attention of Dr. Peter,
the Chemist of this Survey,* was attracted to an exhibit of this
clay, made by J. Goebel & Co., importers of German clay and
manufacturers of erucibles, ete., Maiden Lane, New York. It
showed the clay in its natural and prepared conditions, and
accompanying the specimens was a report of the chemical an-
alysis of the material, said to have been made in Germany, a
copy of which is given below. Dr. Peter alse secured a sample
from what appeared to be a washed and prepared specimen on
exhibition, which had been moulded into a cubical block, and
which he has analyzed.

Another specimen was obtained at the co-operative window-
glass works, at the foot of Coal Hill, opposite Pittsburg, from
a barrel of the material which was said to be in the condition
in which it was imported from Germany. Its analysis was
also made by Dr. Peter, and is given below.

H. German Clay, obtained at the Centennial Exposition.
It is of a light grey color; adheres strongly to the tongue, and
exhibits a large irregularly conchoidal fracture. Before the
blow-pipe, it fused only on the extremity of the small pointed
fragment into a white slag.

I. German Glass-pot Clay, obtained at the co-eperative win-
dow-glass works in Pittsburg. This had not been re-worked or

* Reference is to Dr. Robert Peter, deceased, father of Dr. A. M. Peter,
present Chemist to the Survey.
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washed. It resembles the preceding, but is a little more fria-
ble and slightly lighter colored. Its powder, however, is some-
what darker than the powder of that. Before the blow-pipe,
it acted like the preceding.

J. Copy of the analysis of this clay made in Germany, as
exhibited by J. Goebel & Co.

No. 2639. Refractory Clay, from one mile east of Wyatt’s
school-house, in the northwestern part of Calloway county, Ky.

No. 2162. Refractory Clay, from the bluffs at Columbus,
Hickman county.

No. 2571. Refractory Clay, from Cane creek, two miles north
of Wickliffe, Ballard county.

No. 4. Refractory Clay, from four miles south of Bland
ville, Ballard county.

No. 2643. Refractory Clay, from Russell’s pottery, six miles
east of Murray, Calloway county. The clay is pre-eminent for
the beautiful cream-colored ware made from it at the Rookwood
Pottery, Cincinnati, O.

The above Kentucky clays have been described on a previ-
ous page, and their analyses given.

COMPARATIVE ANALYSES OF GERMAN GLASS-POT CLAY AND
KENTUCKY CLAYS.

Kel;tucky Clays.

Dried at 212 German Clays. Callo- | Hick- |°  Ballard Callo-
Degrees Fahrenheit, way Co. | manCo. County. way Co.
HE | I | 7 |Nos2ss|No.2162|No.2571] No.4 | No.2613

Silica and sand.} 70.869, 73.660, 70.600{ 46.020; 84.918; 63.840| 71.940| 57.840
Alumina ....... 20.900] 19.4soi 23.600 38.980| 10.560] 26.040| 20.700; 30.340
Iron peroxide... 1.560‘ 1.560i ....... Trace| 1.102| 0.740| Trace| 1.180
Iron sulphide...|....... RERPPI | 1.100 ............................ Pevenens
Lime .....ceu0 0.347 0.168 0.360; 0. 773 0.572] Trace) 0.370; 011

0
Magnesia ....e..] 0. 220" 0.209' 0.450] 0.136: 0.108; 0.137{ 0.350: 0.050
Potash cevvaueas| 0. a78 0.520 Notest.| 0.309; 0.651 0.714' 0.630] 0
Soda ....ceee P I 112| 0. 046|Notest 0.172‘;Notest. 0.207t....... 0.519
‘Water, expelled |

at red heat... 6.800i 6.200° *3.890 13.610| 2.089| 8.322! 6.200] 9.442

. !

Total ....... {101 377'101. 823|100 000‘100 000!100 000I100 000,100.000/100.000

fand .esee.s | 4. 000! 3.500'....... LR | ....... | 44. 000! ....... ! .......

hd Organlc matter and loss.
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UNREFRACTORY CLAYS.

Clays of this class, which yield more or less readily to the
heat of the blow-pipe, and fuse into slag, are found in a number
of the counties, but seem to be chiefly contined to those lying
on the eastern side of the Purchase region, viz.: McCracken,
Graves, Marshall and Calloway; all of those examined on the
west being entirely or nearly infusible. They vary in color
from nearly white to dark black, some of them highly gypseous,
and two others having a sprinkling of specks of the mineral
vivianite, a phosphate of iron.

Geologically they are older than the Quaternary, and, as
the class of infusible clays just described, are covered by the
gravel, sand and brown leam of that period. They embrace
some of the white varieties belonging to the intermediate peri-
od between the Tertiary and the Quaternary, and the black clays
of the next higher or Port Hudson group. As will be scen from
the analyses given below, they difter from the refractory class
in having a larger proportion of potash and irom, which im-
parts to them their fusible character.

The following are some of the localities examined, and the
composition of the clay from each is given below:

No. 2777. Stif Clay, from a deep ravine on the place of
W. J. Jones, four miles south of Paducah, McCracken county.

[This property is yet owned by Mr. Jones, but the mineral
right is at present held by Dr. R. R. Winston, of Paducah, Ky.
It is located on the Paducah and Mayfield Road.]

The bed has an exposure of several feet, the central six
inches of which is very brittle, with some yellow ochre. It is
overlaid by fifteen or twenty feet of gravel and loam. When
freshly exposed it has a bluish color, which changes on drying
to a greyish tint. It fuses with difficulty before the blow-pipe,
and calcines white. The Rookwood tests produced a buff-col-
ored unglazed biscuit, and showed a shrinkage of about fifteen
per cent.

No. 2779. Gypseous Clay, from W. J. Hougl’s, four miles
southwest of Paducah, McCracken county. [This property is
now owned by Mr. G. R. Noble. Itison the Paducab and Bland-

ville Road.]
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This clay has an exposure of about five feet, and contains
small pockets ¢f tine needle erystals of gypsum; it is in places
somewhat sandy with ochreous spots. It is exposed in the bank
of a branch, and has but a few feet of surface covering of gravel
and loam. It calcines white, and fuses slightly before the blow-
pipe. The Rookwneod Pottery test shows a shrinkage of about
twelve and a half per cent., the glazed biscuit having a dark
cream or light buft color.

[A repert made for Mr. Noble, in 1903, by Lucius P. Brown
& Co,, Nashville, on a sample of clay which is understood to have
come from this deposit, is as follows: “This clay is of the type
known among potters as ‘ball clay,” and is used in the composi-
tion of various white glazed products, for the purpose of impart-
ing plasticity to the otherwise non-plastic ingredients. It is of
excellent plasticity, without being sticky. The burned sample
was obtained in a regular pottery fire of more than the usual
degree of heat (pyrometric cone 10), the common fire being
usually cones 7 and 8. The behavicr of the clay in this heat was
good; it attained vitreousness without Dblistering. Its shrink-
age was moderate, straight and without cracks. Its color that
cf average English ball clay. The specks show its impurities,
which are not over the average amount. To prove its value
as a bond for fire-bricks, ete., it was necessary to make a fusion
test in the Deville furnace. This test showed that the clay fuses
at cone 27 and its quality, therefore, is that of a second-class fire-
clay, good for a plastic bond clay.—C. J. N.”]

+ No. 2778. Purplish Plastic Clay, from north bluff of May-
ficld Creel, three miles cast of Lovelacerille, McCraclken. coun-
ty. The exposure is about three feet thick, and variegated in
color from white to purple and yellowish. It is sandy in places,
and fuses to a grey color before the blow-pipe. [The north
bluffs of Mayfield creek are high and precipitous, and at their
base there is a frequent exposure of a whitish and purplish clay.
This is but one of many places at which it may be found along
the creek.]

No. 2664, Stiff Plastic Clay, from the railroad cut immedi-
ately south of (Tuill Hill and three miles south of Wingo, Graves
county. [The property is owned by Mrs. (Della ?) Copelin
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and the clay is now (in 1905) mined and used by the Water
Valley Pottery Company, Water Valley, Graves county, Ky.]

This clay has a bluish cast when fresh in the bed, but dries
to a whiter color. It is fused with great difficulty before the
blow-pipe. A section of the exposure shows surface loam five
feet, gravel one to three feet, thin and uneven purplish clay a
few inches, indurated red sand in thin laminae, somewhat
clayey, three fect, and the bed of the above plastic clay, three
feet of which is exposed at the foot of the bank. The tests made
at the Rookwood Pottery produced a brownish biscuit even
when unglazed, whose shrinkage was, however, only seven and
one-half per cent, .

[The mine or pit had fallen in when visited in 1905, so that
a new section could not be accurately gotten, but it does not
differ materially from the foregoing, although the old section
was not made at the place of the open mine or pit.]

[The Clay Switch Mine—This clay'mine is on a short switch
to the Illinois Central Railroad, four miles south of Mayfield,
Graves county. General shipping and filling of special orders
is the object of the mining, which is done by The Kentucky Con-
struction and Improvement Company, of which Mr. Morris B.
Cooley, of Pryors, Ky., is secretary and general manager. The
sales agent for the company is Mr. C. N. Forster, No, 112 Wash-
ington street, East Liverpool, Ohio.

The mining is done by tunneling the upper five layers of the
deposit. They pinch and swell from two to four feet, and are
practically the same clay except for the slight diffcrence in
shrinkage. Mr. Cooley gave assurance that the entire deposit
was extremely thick and that it had been penetrated, as a test,
to a depth of one hundred feet. The clay averages a light grey
color, but some is stained very dark by vegetable matter which
burns out. The deposit is at the top of the Lagrange-Tertiary
and, at the mouth of the main tunnel, is overlaid by from four
1o six feet of Lafayette Gravel.

This clay is often shipped to considerable distances, as Nevw-
port, Cincinnati and East Liverpool. The company, so far, is
unable to keep pace with the demand and many orders are neces-
sarily cancelled.]
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No. 2665. Plastic Clay, from the hillside immediately north
of Boaz Station, Graves county. [This clay is owned and
mined by Mr. J. A. Bauer, of the Paducah Pottery, Paducah,
Ky. There is a mixture of soil and sand above the deposit about
ten feet thick. It has been mined just nmorth and about one-
quarter of a mile south of Boaz on the Illinois Central Rail-
road.]

The bed is composed of three feet of a creamy-white clay,
underlaid by two feet of a stiff purple clay, both containing
impressions of fossil leaves; a sand underlies the bed. But little
trouble is experienced in getting out their clay for shipment
or local use, as the surface covering is but a few feet thick until
the bluffs are reached some distance eastward.

The white clay, tested at the Rookwood pottery, burned at
a low temperature and made a biscuit rather too dark for cream-
colored ware, though, when unglazed, it is milky white.

[An analysis of a sample of clay collected from this locality
by Mr. Bauer was made by Dr. A. M. Peter. The sample, which
consisted of a soft, nearly white clay, in small lumps, showing
occasional iron stains, was labeled, “From Boaz, Ky., 14 miles
from Paducah and 34 mile from station known as Anderson
farm™ The analysis is given below, together with that made
of sample collected by Dr. Loughridge, No. 2665, for comparison :

No. 12973. Anderson{No. 2665. Hill N.

Farm. Collected by| of Boaz. Col.

J. A. Bauer, by R. H. L.
MoISture ...ttt rinntenesonnnnan 0.45 | ...
Ignition (combined water, ete.).vvvvnenenann... 4.66 5.82
1S 31 B U 74.95 ©61.92
Alumina ..ovvniiiiiiiiiiiitiiiitieieraa e 15.28 30.06
Tron peroxXide....ooivieieiinnereerneinennennns 0.83 0.30
Lime coiveriiiiiiiiiciiiresseentnencaenacnnsas 0.15 Trace
MaBDesia covvveiiiiienreerinrsrserseseassnsees 0.14 0.06
Potash ...viiiiiiiiiniiniiciniiioitnncsenneenss 1.45 1.60
F L - 0.24 | 0.24
Sulphuric anhydride......cvcvvereieeanennnnss 0.07 ‘ Not Est.
Titanic oxide..........civviiiiiieniiiininnn., 1.34 ! Not Bst.
L1 7: 1 - 99.56 100.00
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It will be noticed that No. 12973 indicates a very refractory
clay, carrying considerably more silica than No. 2665, and only
about half as much alumina. The Rookwood test of No. 2665
placed that sample in the comparatively unrefractory class. I
may be that the two samples did not come from the same bed,
or that they were not collected under the same conditions;
otherwise the analyses would indicate considerable variation in
the composition of the clay within a short distance.]

No. 2760. Plastic Clay, from H. 8. Gray’s place, in the bed
of a branch immediately south of Scale, Marshall county.

[This property, at date of revision, is owned by Mr. L. Lof-
ten. The deposit is covered by about fifeen feet of loam and
gravel of the Quaternary; about eight feet is the thickness of
the clay exposed.]

The clay is bluish when freshly exposed, but dries to a grey-
ish-white and contains some spots of yellow ochre, with some fine
sand in thin laminae. It fused before the blow-pipe. The Rook-
wood test gave a buff-colored glazed biscuit.

No. 2762. Darlk Clay, with small specks of deep blue vivian-
ite from the Tennessee River Landing at Highland, Marshall
county. [The property is now owned by Mr. S. A. Whale.]
On drying, this clay becomes a light grevish-brown color. The
particles of vivianite are frequently white on being freshly ex-
posed, but turn blue on dryving. The bank of the river here is
made up of a surface deposit of seven feet of micaceous loam,
fifteen feet of interlaminated light-bluish eclay and yellow sand,
ien feet of blue micaceous clay in layers of one and two feet
thickness, with some yellow sand and ferruginous concretions.
The lower clay bed contains the vivianite. The large amount
of iron and potash in this clay causes it to fuse before the blow-
pipe. On burning, it makes a dark red biscuit, and mixed with
fine sand would make nice pressed brick and terra-cotta.

No. 2781. Blue Micaceous Clay, with small particles of
vivianite, from a deep ravine, opening into the Ohio, in the west
edge of Paducah, McCracken county. This clay, like that of
Highland, just described, is interlaminated with a yellow sand,
and overlaid by eight or ten feet of loam. Before the blow-pipe

it fuses to a grev mass.
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No. 2780. Micaceous Clay, from Mr. Armstrong’s place,
onc-half mile east of Borings Ford, on Clark’s river, or seven
miles southeast of Paducah, McCracken county. _

[This farm, under which the clay is found, has been divided.
At present (1905), the central portion is owned by Mr. John
Sheehan; the northern portion is owned by Mr. Rudolph Strite,
and the southern portion by Mr. Stephen Ward.]

The clay is very sandy and micaceous, bluish when wet, but
dries to a dark grey color. The thickuess is unknown. [Pene-
trated to a depth of twenty feet in Mr. Sheechan’s well—J. L.
G.] The upper six inches has a yellow color, the whole overlaid
by but a few feet of gravel and loam. Before the blow-pipe it
fuses to a grey color. At the Rookwood Pottery the ochre gave
to the biscuit a handsome deep brick-red color. The shrinkage
was about twelve per cent.

Following are analyses of the clays described:

ANALYSES OF UNREFRACTORY CLAYS.

BLUISH OR DARK
LIGHT COLORED CLAY. CLAY.
GRAVES MARSHALL { MOORACEKEN
M B A
GORACEEN CogNTT. CoUNTY, COUNTY,. CoUNTY.
w T e 8 s
$° | Hug | =2 o 32
a2l 0y 3 vt | ﬂ,!s. o509 ° B
el | = o =] N Q < -]
AIRDRIED, |[EZF|82% (583 ms_% § | €3 |5uB| 8 |SEs
95|50 | San (288 & | 9y |85s| § |%Sg
R E RS 4§ |EE5| & |eaE
RE | omg | =ES e % 8<
No. No. 0. No. No. No. No. | { No. No
2777 | 2979 | 2778 264 | 2663 2760 2762 2781 2780

@
£
P
@
o
]
5
4

66.220 | 75.120 | 61.920 | 52.550 | 60.980 | 73.192( 69.220

Alumina.........,..... 24.960 | 20040 22930 | 15.960 | 30,060 | 31.070| 18.480 | 16.540 | 17.540
Iron Peroxide.......... | <720 S50 1190 | 1.420 .300 | 1510 7.500 1.810 | 1.440
Lime....oovvrvnennnnss 325 | a 1743 437 | Trace { Trace 137 780 369 437
Magnesia..co.......... 396 158 209 B17 064 245 1.128 461 .858
Potash ................ 1934 1340 1.107 1.351 1.602 1.775 2,664 1.969 2.452
Soda, ....coiiiiinninan, 286G 075 A70 N 245 239 318 627 541 A72
Water, ete,............ 11679 8.524 7.337 3.587 5815 | 12.365 7.841 5.088 7.581

Total..cveveinnn.ns 100.000 | 100.000 | 100.000 | 100,000 | 100.000 | 100.000 | 100.000 | 100,000 | 100.000
Sand. cevviiiiiiinnn o e e 56.60 50.580

a Mostiy gypsum,
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In all of the above analyses the percentages of potash are
very high, that of the vivianite clays of Highland Landing and
Paducah being exceptionally so. The soda percentages of the
last two are also very high, the combined alkali percentage of
the Highland clay being thus raised to over three and three-
tenths. The clay containing the next highest alkali percentage
is that of the Armstrong place, east of Paducah, which, though
extremely sandy in character, has nearly three per cent. of pot-
ash and soda. In general, all of these unrefractory clays con-
tain a larger amount of alkali than do those of the refractory
class, while in the iron percentages the Cifferences are not so
great. In the latter the Highland beds again stand out promi-
nently with their seven and a balf percentage.

OcHREOUS CLAYS.

At a number of points in the Purchase counties there are
beds of clay so highly colored with yellow ochre as to make
them useful as coloring pigments, and they have been used for
this purpose tJ some extent locally. On burning they become
oxidized into a bright red color. They would also make the
beautifully red pressed brick so much in demand for house
fronts.

In addition to these, there are certain bluish clays which,
on burning, make a very pretty red brick. One of these beds
outcrops in the banks of the Tennessee river at Highland Land-
ing, Marshall county. Its analysis and description are given
on a previous page. An analysis has been made of but one speci-
men, and that from near Wickliffe, Ballard county.

In Ballard county there are three prominent localities of
occurrence, near Wickliffe and Laketon, respectively. At the
former place the clay is exposed in a deep ravine that cuts into
the hill north of the town, on the Harkless place. The bed is
apparently several feet in thickness, beneath fifty feet or more
of loam and gravel. It is rather difficult of access. The clay is
a bright xellow, quite free from sand, and has been used in
Wickliffe as a paint for wagons. It fuses before the blow-pipe
into a black slag. Tested at the Rookwood Pottery, it made a
bright red biscuit, which, on glazing, became black. Its shrink-
age is about seventeen per cent. Its analysis is given below.
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No. 2572, “Yecllow Ochre, from the Harkless place, immedi-
ately north of Wickliffe, Ballard county. On calcining, it be-
comes a handsome Venetian red color, and fuses before the blow-
pipe into a blackish mass, [Found also on John Rothrock’s
place. Thickness, six feet.]

COMPOSITION OF THE OCHREOUS CLAYS OF BALLARD COUNTY.

£S5 1 T 44.840
7113 - O 22.831
Iron pPeroXide....eveiieiiiiiiniocnnereennnnnecnonnnnnonnns 20.350
7§ T AP 0.101
MaBIESIA vvviivitiineineiieteienterreeriatatetaaeraaan 0.138
Water, e, c.oviiiiiiiiiiiiiiii e e it et eeer e eaaes 11.740

B X017 S 100.000

Another exposure of this bed is seen in the deep ravine that
cuts morthward into the hills from Fort Jefferson, south of
Wickliffe. Near Laketon, in this county, there are two ex-
posures, one on the land of Mr. Hogancamp, two miles north
of Laketon, and which also occurs at the foot of a deep ravine,
opening westward into the Mississippi bottom, and with a thick-
ness of two feet or more. It has a bright yellow color and is
quite free from sand. On Sandy creek, two miles south of Lake-
ton, the ochre is again exposed in a bed several feet in thick-
ness (said to be ten), near the residence of Mr. T. J. Wilson,
and extending down the creek some distance toward the Mis-
sissippi bottom, near which it is found embedded in rounded
and large lumps in the heavy beds of white sands. It is some-
what interlaminated with whitish clay and is quite plastic. It
contains about twenty-six and a half per cent. of a fine white
sand, composed of rounded grains of transparent quartz; there
is present also a little mica in very fine particles. The ochre
may be easily separated from the sand by washing and allowing
the latter to settle while the ochre remains suspended and is
poured off with the water. The clay calcines to a bright red
color, and fuses before the blow-pipe to a black slag.

In MecCracken county there is a bed of ochre about six inches
thick, comprising the upper portion of the clay bed on the “Arm-
strong” place*, one-half mile east of the Boring Ford on Clark’s

*Now owned by Messrs, Sheehan, Striteand Ward. See note under No. 2780, preceding.
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river, or seven miles from Paducah. It 1s somewhat sandy in
character, but burns to a dark red brick, and with a shrinkage
of about fifteen per cent. It contains much sand, but this can
be separated from the ochre by washing.

At Wadesboro, in Calloway county, another, but thin,
bed of yellow ochre occurs in the gully immediately east
of the store-houses that line the street. The clay is jointed in
structure, and forms the upper surface of the black joint-clay,
or so-called soapstone, that is characteristic of this eastern lig-
nitic Lelt. It has a bright yellow color, its iron being derived,
doubtless, from the superincumbent ferruginous gravel and
sand ; the bed is from six to ten inches thick. The clay caleines
to a handsome red color, and before the blow-pipe fuses to a
black color. Its shrinkage on burning is about fifteen per cent.

[The Richard Bell Place.—This property is on the Paducah
and Mayfield Road, four miles south of Paducah, McCracken
county. Here there is an area of more than fifty acres underlaid
by an ochreous, plastic clay from six to twelve feet thick. There
is a grayish, plastic clay at the bottom, of which an analysis—
samples taken by Mr. Bauner—has been given. The ochreous
deposit is covered by about nine feet of gravel, cemented at the
bottom more or less with iron oxide. This clay is being mined
by Mr. Bell and shipped for paint purposes to George A. Methan
Co., St. Louis, Mo. It appears to be an excellent clay.]

SANDS.

Deep beds of sand, varying from pure white to red and yel-
low, occur in several of the geological formations represented
in the Purchase counties. These formations are the Cretaceous,
the Lagrange division of the Tertiary, and the stratified drift
of the Quaternary. The massive quartzite rocks that outcrop
at certain points south and southwest of PPaducah, and in east
Calloway county, would, if erushed, make a very clear and pellu-
cid sand, suitable for glass manufacture. The grains are sharp,
and quite free from iron stains.

The sand-beds of the Cretaceous, occuring east of Murray,

- in Calloway county, and near Benton, in Marshall county, are
very deep, and highly charged with fine particles of mica, which
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give to it a sparkling appearance. The grains are sharp and
the sand can be used as a coarse polishing material.

In Calloway county the beds are well exposed as the cross
roads northeast of New Concord and southward in the hills
facing the valley of Beechy creek. The sands are variegated in
cclor, but mostly white, and are slightly calcareous. The analy-
ses by Dr. Peter given below show them to be quite free from
impurities.

The sand-bed occurring on the north side of Clark’s river,
and two miles from Benton, Marshall county, is well known as
the “Sand HilL.” It underlies a black clay and is stratified, its
layers having a southeasterly dip. The upper part cf the bed
has a yellowish color from the iron, in solution, brought by
percolation from the overlying beds, but, in the main, is white
and micaeous, and helds thin layers of a plastic clay. Its ex-
Dposure is from six to ten feet, being hidden below by the debris
from the DLluff above. A few concretionary forms of sand, ce-

nented with iron, occur occasionally in the sand. The analysis
of this sand is also given below.

No. 2G36. Fine icaceous Sand, slightly ealcareous; Cre-

taceous formation. Taken from a heavy bed, two miles north-
cast of New Concord, Calloway county.

' No. 2637. Sand, apparently similar to the preceding, but
slightly colored light-brownish with iron oxide. Taken from
the same locality as the above.

No. 2758. White Sand, Cretaceous formation, taken from
the Sand Hill on the north side of Clark’s river, two miles north
of Benton, Marshall county. A fint hyaline quartz sand, with
a yellowish tint. Contains small mica specks.
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ANALYSES OF SANDS.

MARSH'LL
CALLOWAY COUNTY. COUNTY.

Near

Near New Concord. Benton.

No. 2636. No. 2637, No. 2768.
Organic and volatile matters................ 1.815 0.690 0.395
Alumina, iron oxide, etC. «..cvcvenirennnonnnn 0.605 0.6505 0.323
Lime carbonat€.....eeeceeeuuns reerseeeeens 0.090 0.095 Trace
Magnesia covevereiiiniereneiiinenneaneennna. 0.232 Trace 0.017
Phosphoric acid.......cvevviiennennnnnnnnnn. 0.044 Trace 0.093
Potash ....ocvvnviiiinininnncniiiiiniaa.., ' Not Est. 0.289 0.189
‘Water expelled at 380° F. ...ccvivevennnnnnn | eeeeens [ 0.054
Sand and insoluble silicates...... cereraeaens b 97.39 98.145 98.989
Totals v.vviniiiiinniacreenaanasenncncenns 100.181 99,724 100.057
Hygroscopic moisture.eee.eeeeeeereaeecennn. 0.075 0.025 0.050
Potash in the insoluble residue............. . 0.074 Not Est. 0.001

The Tertiary sands, belonging to the Lagrange group of the
interstratified sands and pipe clays, are usually quite white, and,
in large part, of the clear hyaline variety. The beds between the
clay strata vary in thickness, and could, with some difficulty, be
kept free from clay admixtures. The beds are most largely ex-
posed at points along the bluff facing ihe Mississippi river bot-
tom, from the mouth of Mayfield creek southward to Columbus.
A prominent exposure is at the water tank one mile south of
Laketon, the bed here rising about fifty feet above the railroad
track. The sand is, however, intermixed with two per cent. or
more of fine clayey particles, which injure it for the manufacture
of fine glassware. The grains are rounded and largely of hya-
line quartz, mixed with some very fine sand.

In the bluffs north of the town of Columbus, there is a very
thick bed of fine white sand, colored, in part, from iron percola-
tions from the gravel above, and composed of over ninety-nine
per cent. of pure hyaline quartz grains.

All of the above Cretaceous and Tertiary sands would be
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useful in the manufacture of any but the finer kinds of glass
ware, in mixing with the stiff plastic clays for the manufacture
of puttery, ete.,, and in mixing with mortar and cement.

The sand of the stratified drift is very generally colored yel-
low and red from iron oxide, which injures it for any but or-
dinary uses. The beds are found interstratified with the gravel,

and also alone in the south\\esteln part of the Puuhase
counties,

PoLisiiNG OWDER.

There are several localities within the Purchase region in
which occur beds of a fine silicious earth, or sharp, silty sand,
which could be utilized as a polishing powder for silver or other
metals. The most prominent of these places is at Pryorsburg,
Graves county. The beds are here exposed in a bluff a short
distance east of town, on the east of the first branch. There
are two grades of the powder in this bluff, one made up of ex-
tremely fine and sharp grains, one theusandth of an inch in
diaweter, whose grittiness between the fingers is just percept-
ible, while the other grade is a little coarser, the diameter of
the grains being about twice as large as the former. A little
clay accompanies the powder. The thickness of the entire bed
is unknown, as there is a large amount of debris at the foot of
the bluff.

The bluff shows about fifteen feet of loam and gravel, and
ten feet of purplish plastie clays, above these beds of fine sand,
which are exposed ten or fifteen feet thick, and slope to the
northeast. The beds are much indurated, but the powder readily
yields to attrition. Put up in packaoes it should ﬁnd a ready

sale as a polishing powder.

Another bed of fine silty or arenaceous clay, also suitable
as a polishing material, occurs in the railroad cut three miles
north of Boaz Station, Graves county. It is very similar to the
beds of decomposed Subearboniferous chert of the eastern part
of Marshall and Calloway counties, a few pieces of the rounded
chert being embedded in it. It is light brownish-grey in color,
indurated, or of the hardness of chalk, and contains about two
and a half per cent. of very fine white sand. TFrom the analysis
which is given below, it will be seen that it contains a very large
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amount of potash, as indeed do most of the clays of the region.
It is refractory before the blow-pipe, and fuses with great diffi-
culty. Many of the clays of the Purchase counties are more or
less arenaceous, and might serve the purpose of a polishing or
finishing material.

The beds of decomposed chert of the Subcarboniferous belt,
along the west side of the Tennessee river, are made up of a
white, non-plastic, silicious earth, indurated, but friable and
easily crumbling, and which is infusible before the blow-pipe.

In Marshall county this earth is exposed in the bed of the
branch on the place of Mrs. Lou Stone, four miles west of Bir-
mingham, and at several points nearer town fragments of unde-
composed and angular chert are enclosed in the beds.

In Calloway county the white earth is more prominently and
extensively developed in the hills bordering Blood river on the
east, in the neighborhood of Brandon’s Mill. The beds are here
exposed for ten or more feet in thickness above the bottom of
the ravines or branches, and are made up of alternating layers
of chert and silicious earth. The same beds are also found
castward in the hills facing the Tennessee river, in the region
of Buffalo Landing.

All of these silicious earths are very similar in their com-
position, being chietly silica, with some alumina and potash, as
will be seen from the analyses given below.

No. 2662. Arenaceous Clay, from the railroad cut three
miles north of Boaz, Graves county.

No. 2764. Silicious Farth, or decomposed white chert, from
Mrs. Lou Stone’s place, four miles west of Birmingham, Mar-
shall county.

No. 2638. Silicious Earth, from Brandon’s Mill, on Blood
river, Calloway county.

No. 2761, Ash-colored Earth, from a cistern on the old
Winters place, eight miles southeast of Olive post-office, Mar-
shall county.
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COMPOSITION OF SILICIOUS EARTHS.

GRAVES MARSHALL | CALLOWAY | MARSH'LL
COUNTQ. COUNTY. COUNTY. COUNTY.
3 miles North| 4 miles West| Brandon's Winter’s
of Boaz, |Birmingham. Mill. Place.
No. 2662. No. 2764. No. 2638. No. 2761,
| | | =
Silica .c.oieveieriiiiiiiiiinnanna. ¢ 76,780 | 93.700 | 87.300 ll 91.580
Aluming ....vevinnniiiinennenn. 14.740 3.580 l 10.480 5.980
Iron peroxide............oeunn.. 1.640 | ....... i Trace | 0.220
Lime ..iveiiiiiiiiiiicinninnnn. ‘ Trace Trace 0.045 l 0.045
Magnesia .ivieeiaiernrenennnnns ! 0.389 0.127 0.281 i 0.055
Potash covvveevnnnenncsanatennans 1.440 0.618 i 0.888 | 0.094
S0d8 ieeeiiiiiiiiiriiiiaieniaen.n 0.117 0.117 0.209 i 0.032
Water .ooviiviiiiiiiiiiiiiiaa... ! 4.894 1.858 0.797 1.994
Total c.ovvvviniinconancnnenn l} 100.000 100.000 100.000 j 100.000
28 1 T I | 2.400 | ....... evenns ‘ esesee

The earths from Marshall and Calloway counties, being very
fine and highly silicious, with very little of such fluxing ma-
terials as iron-oxide, lime, soda and magnesia (though the pot-
ash percentage is high), could be well used to mix with plastic
clays to reduce their shrinkage, and also as scouring and polish-
ing bricks. They might also be used in glass making.
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INDUSTRIES IFOUNDED ON THE PURCHASE CLAYS.

[There are in various parts of the region a number of pot-
teries engaged in the manufacture of ordirary brown jugs, jars,
crocks, tower pots, etc. These potteries are generally crude
and worked at a very small expense. They are distributed, at
the date of revision, as follows: The most important pottery
of the Purchase, considering the extent of the factory and the
modern methods of manufacture, is the Paducah Pottery, oper-
ated by Mr. J. A. Bauer, at the corner of Seventh and Trimble
sireets, Paducah, McCracken county. Mr. Bauer manufac-
tures various kinds, sizes and shapes of Bristol glaze stoneware
and flower pots, together with growlers, mugs, cuspidors, fil-
ters, measures, coolers, jars, nappies, bail-handle jugs, druggists’
jugs, flue thimbles, churns, crocks and vases. The clays from
which these articles are manufactured are gotten from various
points. A considerable quantity is obtained from Mr. Bauer’s
mines at Boaz, in Graves county, on the Illinois Central Rail-
road.

[At Pottertown, six miles east of Murray, on the Murray and
Newburg Road, Calloway county, there is a pottery operated
by Mr. W. K, Russell. Here are manufactured hand-made jars,
jugs, crocks, flower pots, churns, etc., from a clay elsewhere
described as the Russecll clay which is mined near the pottery.

[Another pottery is located at Bell City, or “Rock,” eighteen
miles southeast of Mayficld, on the Mayfield and Paris Road,
Graves county. This pottery, until a short time ago, was oper-
ated by Mr. W. B. Howard and son. The work has recently
been discontinued on account of Mr. Howard’s ill health. The
clay used was a grey, plastic clay mined on property owned
by Mr. Howard adjacent to the pottery. This clay deseribed
later as the Howard clay was manufactured into hand-made
jugs, jars, crocks, ete.

[A pottery operated by the Water-Valley Pottery Co., with
Mr. O. O. Lassiter as manager, is located at Water Valley, on
the Illinois Central Railroad, in the southern part of Graves
county. The clay which they manufacture into ordinary arti-
cles of pottery such as have been named above, is obtained
from the farm of Mrs. Della (?) Copelin, four and a half miles
north of Water Valley, near the I. C. Railroad.
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[The Mayfield Pottery has not been in operation for two
or three years, but will likely be continued soon. It was last
operated by Messrs, Morris Cooley and Robert A. Hale. The
clay used was obtained from Clay Switch, near Pryors, in
Graves county, now mined by the Kentucky Construction and
Improvement Company.

[There is a pottery at Columbus, Hickman county, now
managed and owned by Messrs. Lewis Schenk and William
Rocker. They manufacture churns, jars, milk-pans, cuspidors,
flower pots, ete. The clay is obtained principally from what
is known as “Chalk Banks,” two miles south of Columbus, on
the Mississippi River banks, elsewhere described.

[Another pottery, known as the Wickliffe Pottery, is lo-
cated at Wickliffe, the county seat of Ballard county. This
pottery is owned and operated by Mr. Augustus Keppner. Mr.
Keppner manufactures ornamental flower pots, jugs, jars,
crocks, etc., from clay mined on Keppner’s Acre and River Lot
No. 4, described elsewhere in this report.

[The old pottery, three miles south of Lynnville, on Lynn-
ville and Boydville Road, has been discontinued for several
Years. It was owned and managed by Mr. J. W. Pitman. The
clay used was mined near by, from land now owned by Mr.
Charles Snow, and yet known as “the Old Pitman Bank.”

[There are a number of brick plants over the Jackson Pur-
chase engaged in the manufacture of pressed brick, as follows:
Hill & Karnes, Katterjohn’s Sons, and Chamberlain & Mur-
ray are the three brick plants of Paducah, McCracken county.
The clay used at these plants is a stiff bluish or dark
clay belonging to Dr. Loughridge’s Port Hudson division of the
Quaternary. Each plant has a capacity of about 25,000 per
day. TIill & Karnes use the C. & A. Potts brick machines. Kat-
terjohn's Sons and Chamberlain & Murray use the Jonathan
Craiger and Arnold Craiger machines, respectively. The Ar-
nl(;'ld Craiger is the new name for the old Jonathan Craiger ma-
chine.

[At Mayfield, there are two brick plants—23cDonald Bros.
and Mayfield Brick Company. The McDonald Bros. use the Wal-
lace machine of the Wallace Manufacturing Co., Frankfort,
Ind., and work the upper three feet of the Brown Loam: of
Quaternary Age, which covers the greater part of the Jackson
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Purchase. Capacity, 20,000 per day. The Mayfield Brick Com-
pany uses the Berg Dry Press Machine put out by the Ander-
son Machine Works, of Anderson, Ind. Capacity, 20,000. The
clay used for the manufacture of their brick is mined on prop-
erty owned by the company, two miles cast of Mayficld. They
make a beautiful white brick, decked with dark specks.

[At Murray, the county seat of Calloway county, there is
a brick plant, not in operation at present, but owned by Mr.
A. J. Slaughter.

[At Hazel, in the southern part of Calloway county, there
is a plant operated by the Hazel Brick and Tile Co. Their ma-
chinery is obtained from the American Clay Machine Co., Ohio.
The company is composed of Messrs. S. 8. and L. A. Callicott.
They use the Brown Loam of Quaternary age mixed with grey
clay from Purrier, Tenn., just across the Kentucky-Tennessee
line,

[The Bardwell Brick and Tile Plant is located just south
of Bardwell, Carlisle county, and is operated by J. E. Mantel,
W. L. Mosby and Dr. . L. Elliston. The company has'so far
manufactured no tile at all, but have made a considerable quan-
tity of brick. The machine used is “the Little Wonder,” put
out by the Wallace Mfg. Co., Frankfort, Ind. Capacity, 20,000.
The clay used is the upper three feet of soil and Brown Loam.

[G. H. Bransford & Son own and operate a brick plant at
Fulton, Fulton county. They use a Henry Martin Ma-
chine, of Lancaster, Pa. Capacity, 20,000. The clay used is
the upper ten feet of Brown Loam.

[These are the principal brick plants of the Purchase, but
. it is not to be understood that they are all the brick plants.
The revision work being done in a hasty manner, it is probable
that some of the smaller plants of the district have been over-
looked, and apologies are hereby made for the necessarily hasty
and scouting nature of the work.]
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CHAPTER 1V.

Clays in Crittenden and Livingston Counties.
BY F. JULIUS FOHS.

Prorgssor C. J. NORWOOD,
Director, Kentucky Geological Survey.

Sir: In answer to your request, I herewith submit data rela-
tive to clays, the descriptions of whicly, in the main, will be in-
corporated in my Livingston report and the remainder, for the
most part, in the general report of this mineral district. The
descriptions include: Notes on the clays of the Lafayette forma-
tion; on laterites or residual clays; on dike clays; on the fire-
clay or fire-sand of the Stevens Tunnels, and of the Angling
Property, with a note on the comparative value of this product
and Dinas brick; and descriptions of miscellaneous clay and
shale occurrences, including some of value for paints and
fertilizers.

Very respectfully,
I*, Jurnics Fows,

Assistant Geologist.
Marion, Ky.,

September 26, 1905,

LATERITES OR RESIDUAL CLAYS.

The term laterite or residual clay is here used for that type
of superficial deposit resulting from vock decay in situ, regard-
less of the kind of sedimentary rock from which it is derived.
Such a deposit covers the rocks of the various geological forma-
tions for a thickness varying from nothing to twelve feet or
more, though usually six to eight feet thick. It generally con-
sists of two layers more or less distinet. The upper layer shows
such little difference in the several formations, it may be residual
of, that in the majority of cases they can not be told apart. The
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lower layer is usually intermediary in character between the
upper layer and the character of the formation it results from.
In general, it may be said that the two layers are more distinct
where resulting from limestone, and much less so from a sand-
stone formation. The upper layer bears some resemblance to
the loess of the Columbia formation, such as is found in the
Mississippi Valley, and may be said to ditter from it principally
in the loess being more calcarecus, of lighter, usually of even
texture, and containing calcareous concretions or “loess kind-
chen,” as well as land snails, ete. Stony particles are also less
frequent in the loess than in laterite. The latter often contains
segregations of white silt one to two inches wide. The erosion
forms of laterite are usrually quite rugged and ridgy in appear-
ance, along gullies and cuts, and nowhere shows straight walls
such as are often found in the loess. Spevimens of laterite were
collected from the several formations, and will be described
below, in more detail from each of them.

The Birdsville laterites, upper layer, are used for the manu-
facture of brick by two concerns at Marion, while that from
the St. Louis has been used for like purpoese near Irma, in Crit-
tenden county, about feurteen miles northwest of Marion. The
lower red layer of the St. Louis and Princeton limestones, would
uiso make excellent brick. The general distribution of the clays
of both layers malke quite a large amount of the material avail-
able for brick manufacture. The bricks produced are generally
of good quality. The Princeton (Ste. Genevieve) laterites on
further decomposition produce the best soils.

Birdsville Laterites—A light brown sandy clay, that is
porous and contains decaying roots. It is quite plastic and
cakes in large lumps, which are quite coherent when dry. Con
tains few or no sandstone fragments. IFound above Birdsville
sandstone on the Golconda Road, two and three-quarters miles
from ILola, in Livingston county. Another specimen collected
about a mile to the north, on the Carrsville Road, does not differ
. from it. These were samples cof the upper layer, the lower not
being exposed.

On Wring Bluff, near the old Wring house, about twelve feet
lower than the top of the bluff, and at a height of about 36
feet above Claylick ereek, specimens were collected of sandstone
well up in the Birdsville. The lower layer is more minutely
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porous than that first described, but of the same sandy character
and plastic. It is also not as evenly colored, a little more white
and reddish brown alternating in different parts. The upper
layer is darker in color than the lower, a thing rather unusual,
being a little darker in color even than that below described
from the upper layer from near Paradise Church. It is more
coarsely sandy than the upper layer, and contains a few rootlets.

Another typical instance may be mentioned. This is notable
in the road cut, about one and three-quarters miles from Marion,
on the Salem Road, on Ifoster Hill. Here the upper layer con-
tains small sandstone particles and is of light brown, while the
lower layer only differs from it in being of a brick red color.
The latter rests on Birdsville sandstone shales. This deposit
is not so far advanced in the processes of decay as those de-
scribed above, -

Princcton (Ste. Genevieve) Laterites.—Specimens collected
from above the calcareous sandstone or Rosiclare member of this
formation, on the Marion-Salem Road, near R. A. LaRue’s house.
The upper layer laterite is more porous and lighter colored than
any of those previously described. Its color is gray-white with
a little brown. It is plastic and slightly gritty. That from the
lower layer is red, sandy and somewhat plastic, showing evi-
dence of being a decomposition product of the calecareous sand-
stone.

Specimens collected from the road in front of Mr. Robin-
son’s, near Lola, are probably from above the Fredonia member.
The lower layer is a deep red clay, sandy to a small extent, re-
sidual of limestone and chert. Does not effervesce in acid.
Small particles of chert through the clay, with a less number
of larger fragments. This chert is compact and but slightly
porous. The upper layer is darker in color, containing more
red than the Golconda Road laterite, and contains a little white
celering admixed. Slacks in water, is porous and somewhat
plastic. Tt is quite finely sandy and shows a slight tendency
at lamination. ] ' .

Another specimen from above the Fredonia member was col-
lected near Mr. Tolly’s house, on the Lola-Carrsville Road. It
is from the lower laver, and is a plastic red clay with some yel-

low and black stains. Contains disseminated fragments of a
compact chert.
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St. Louis Laterites—Specimens were collected from above
the cherts and iron ore of the St. Louis formation, about a balf
mile southeast of Paradise Church, in Livingston county. The
upper layer is very similar to the Golconda Road product, ex-
cept that it is a slight shade redder and not as porous or co-
herent. The lower layer is a deep red clay, slightiy sandy. It
is quite plastic and contains chert fragments.

In the cross-cut at the 45-foot level of the Mann No. 4 shaft,
a red clay residual from the limestone is secured. It is some-
what laminated, sandy and plastie, and contains slightly more
sandy yellow streaks, making it not as dark as the one previously
described.

On the Sheridan-Tolu Road, near Johm Perry’s house, a
specimen was collected from the upper layer above St. Louis
chert. For the most part it contains more red in color than
the Golconda Read laterite. Is exceedingly porous. Shows a
slight tendency toward lamination. Contains no rock fragments.
Seams, on the other hand, have whiter clay containing decom-

posing rock fragments.

CLAYS OF THE LAFAYETTE IFORMATION.

The Fire-clays.—Within a radius of three miles of Smithland
and on the south side of the Cumberland river, there occur a
number of exposures of a hard silicious fire-clay, very similar
to the under-clays of the Carboniferous ceals, except that it is
permeated by casts of decayed rootlets. This clay lies uncon-
formably on rocks of the Mississippian series, notably on those
of the St. Louis and Birdsville formations. It is capped by a
highly ferruginous sandstone or chert conglomerate, and some-
times by both. The clay, together with the rocks that cap it,
belong to the Lafayette formation of late Neocene age. Be-
sides being used as a fire-clay, it is also thought to be of value
for cement.

The deposit most extensively exploited occurs two and six-
tenths miles from Smithland on the Haddock’s Ferry Road.
It was operated by A. M. Hewlett from 1899 to 1902. It is
now owned by the Western Clay & Mining Co., who succeeded
Mr. Hewlett. No work is being done at present. Entries, which
were driven on either side of the road, were caved at the time
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of the writer’s visit. Mr. Charles Bush, the superintendent,
informs the writer that on one side of the road the entry had
been driven back 600 feet, and worked for a length of about 500
feet; on the other it was driven back 175 feet and was 100 feet
in length. They were operated by the room and pillar system.
About 8,000 tons were shipped. Where outcropping in the road,
it is covered Ly thin, irregular layers (in one place two feet
thick) of ferruginous sandstone containing rounded chert peb-
bles, which gave the surface of the rock a nodular or humped
appearance. Loose Lafayette pebbles and brown loam, doubt-
fully the equivalent of the Columbia formation, cover this to
the top of the hill. The clay varies from four and a half to six
and a half feet in thickness. It rests unconformably upon the
St. Louis formation, upon horizontal beds of jointed cherts.
Horses of these, sometimes five feet thick,.are said to occur in
the clay. It is a bluish white silicious clay, porous and quite
hard and flinty in character. It has root markings and hollow
root casts through it, somewhat iron stained. Becomes plastic
to a small extent after being ground. As a fire-clay it is said
to produce fire-bricks of excellent quality, and was used by the
Western Tube Co., of Kewanee, 1ll., to whom it was shipped
for their furnaces. No analyses of the clay are available.

Two other notable outcrops of this clay occur, and these
are on the Paducah Road. The first is about one and three-fifths
miles from Smithland, on the brow of the hill after passing the
well bored for oil. The clay here rests unconformably upon a
thin bed of greenish shales of Birdsville age, which in turn lies
upon a heavy bed of limestone of the same formation. The clay
is about five and a half feet thick. A thin, broken layer of ferru-
ginous sandstone is superimposed upon it, and above this are
Lafayette pebbles. The clay is little different from that: previ-
ously described, but the root markings and iron stains are less
notable,

The second cuterop is about one hundred and twenty yards
from the above, at a higher altitude, and laying most probably
vpon Birdsville sandstone. The clay is about six feet thick
and about the same in character as the above. It does not soften
or slack, even on remaining in water for several hours. About
a parge load has been shipped from the road outcrop by its
owner, Mr. I'. B. Moody. Similar deposits are said to outcrop
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on either side of the by-road leading from the Paducah Road to
Echo Valley Spring. Another outcrop was said to occur a little
farther up the Paducah Road, but was covered by debris at the
time of the writer’s visit.

It seems probable that this bed of clay will prove fairly
continuous under the area in this section covered by the ferru-
ginous sandstone and Lafayette pebbles, and that quite an in-
dustry might be built up by its development.

Still another outcrop of clay was noted in the Lafayette
formation, capping the Birdsville limestones of Cemetery Ridge,
where crossed by the Smithland-Grand Rivers Road. This clay
differs somewhat from those previously described, not being as
hard, being more highly silicious, and containing some iron
oxides. It shows partial stratification. Section of the upper
part of the hill, including this clay and resting on limestone, is
as follows:

1. Brown l0AM.eeeescscesescssnssasesancassnsscsaassessasst t01lft.
2. Reddish Clay..ceceneevscvovecccsnccccscncoscacasnsnes 0¥t
3. White clay.eeeeeneaccnaas heeeeeraisnaaoas P £ 3 &
4, Covered ..eeeicesvevsvecnnssascas terecsesenensrenann .. bl ft.

Clays in the Gravels—Irregular masses of clay of grey and
white color occur in the gravels of the Lafayette formation as
exposed along the railroad opposite the Grand Rivers [Furnaces,
one-half mile west of Grand Rivers, in Livingston county, and
in the gravel pits, one and a half mile west of the same place.

A section is shown herewith showing the distribution of
clays in this formation. This section shows the most typical
portion of the outcrop of the clays and gravels exposed to north
of railroad opposite the Grand Rivers IFurnaces. It is in the
main self-explanatory. There is a thin covering of soil up to
six inches thick.

Y,
%

erite Grarel Crag Clay

. W B | A [Fa
waite Clay Aed 3Jend J-u"f's::ruhd Y Eavat  ERE Gravel.

Jertion of Lafayelte Formation 2bewing Clay, Cand snd graveil bede {n pallved ovt, ang bal¥
Mmils west of Ovang Rivers, Ky, Py F-Jelive Fore. Seulel Fitide §0r2,
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The white clay shown in outcrop was only one exposed. It
was from ten to twelve feet thick, dipping about thirty-five de-
grees southeast, and the lower portion covered with gravels.
The clay is very plastic, generally white, with very slight yellow
stains, and at outcrop contains occasional rootlets. It is not
gritty, slacks readily and leaves a small amount of fine silt on
being slacked in water.

The gray.clay is a little darker in color and more porous at
the outcrop, otherwise but little different in character from the
white. As will be noted from the section, it occurs in very ir-
regular masses. Another lower partially-developed layer of

this clay is to be seen just northwest of the section herewith
given.

Clays of Gravel Pits—Clay gray to white, and practically
same in character as that just described above. The clay here
also lays in all possible positions, though sometimes, as shown
in the New Pit, as a seam two to three feet thick dipping at
an angle of 60 degrees and again in alinost horizontal seams.

Dike Clays.—The basic igneous intrusive, filling the dikes
in Crittenden county, weathers readily to a golden colored clay.
The clays from the several dikes are so similar that a general
description will suffice. In color, they vary from a bright gol-
den yellow with occasional streaks of red, where from near the
surface, to a green, containing few or no red streaks, in depth,
becoming harder and more solid, as well as darker in color as
the state of the fresh peridotite is approached. The clay con-
sists principally of golden-yellow mica, altered phlogopite. The
clay is somewhat plastic, very slightly gritty; does not effervesce
in strong acid. As the dikes are often four to twelve feet wide
and are weathered sometimes to a depth of forty feet, and as
there are seven or eight of the dikes, some of which are known
to be three to four miles in length, and probably extending much
further, besides which sheets and sills occur, quite an amount
of this clay would be available, could some use be found for it.
Tests made so far by private parties to ascertain a use for it

have not been satisfactory. Both a chemical analysis and physi-
cal tests would be of value. _
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DEPOSITS ON FAULT LINES.

Sterens’ Fireclay Tunnels—Operated by the Western Clay
“and Mining Company, of Kewanee, 11, of which Mr. A. M. Hew-

lett is president.
" They are located about twelve miles from the Illinois Central
Railroad at Marion, being on Loudy Hall creek, on the line be-
tween Crittenden and Livingston counties, about two miles
a little south of east of Salem. They may be reached by the
Salem-Dycusburg Road, taking the first left-hand road on reach-
ing the Cox Spring branch.

They are situated on one of the principal fault stress lines
of the Western Kentucky Mining District. Fire-clay, or fire-
sand (the product being very high in silica and low in alumina),
occurs along the fault plane. The walls of the main fault are
St. Louis limestone and cherts on the northwest and prob-
ably Lower Chester quartzite on the southeast, with a probable
minimum displacement of three hundred and fifty to four hun-
dred feet. The fault bears N. 32 degrees E. This seems to be
broken by a cross-fault Learing N. 7 degrees W., indicated by
a swag in the hill and displacing the portion of the main fault
that is west of it, to the north about one hundred feet. The
fault after displacement shows no material change in character
of filling. , .

The main tunnel is reached py two short cross-cuts
into the hill, Entries Nos. 1 and 2. The tunnel is over three
hundred feet long and twenty to thirty-five feet in width, accord-
ing to the width of the fire-clay or fire-sand. It is thirty to forty
feet in height, the product being taken out up to grass roots,
so that the tunnel has now caved.

ST. LOUIS CHESTER % MIODLE CHESTER
K ~ Shale  FLimasty ¥ 4
. TERa\ P oo QUARTZYTE M“
NMChart Trenortred ey WhIiSa \ Firomotey \CE5\ \ATtared Slask Uk

MunFavit Shale at favlf.
Scalai linchs ¥O /0,
8y FJv)ivs Fore.

‘Vertisal Creaa-Section of Stevans Tunpuls from Neo.l Enfry.
The No. 1 Entry was continued across the tunnel and into

the county rock to the southeast, making a total distance of
two hundred and sixty-five feet passed through by it. A vertical
section of it is presented herewith, which is, in the main, seli-

\
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explanatory. At one hundred and ninety feet out, or one hun-
dred and twenty-nine feet from the main fault, a secondary
fault occurs, between the Lower Chester quartzite on the north-
west and Middle Chester shales, limestone and quartzite on the
southeast. At this fault occurs a plastic black clay about three
feet thick, noted on the vertical section as an altered black shale,
which it is taken to be. '

The third entry is made into the hill two hundred and twen-
ty-seven feet southwest of No. 1 Entry. It is carried southeast
about seventy-five feet, where a shaft has been sunk in it, and
continues a short distance southeast from it. It is also extended
to the southwest from the shaft and then to the northwest, final-
ly intersecting the St. Louis Limestone wall. Between its mouth
and the shaft, brecciated St. Louis cherts, cemented with limon-
ite and hematite, occurs in part through red clay. Nearer the
shaft there is chert through a highly silicious gray clay. Pass-
ing southeast from the shaft, quartzite is encountered with some
fire-clay or fire-sand through it. Passing southwest from the
shaft, for twenty feet or more, a pinkish-brown lustrous sand,
consisting in the main of very small, elongated quartz crystals,
so. small as to be barely visible to the naked eye, increasing in
size to some at least one-sixteenth inch in diameter. It con-
tains also small particles of quartzite. After this, gray and
white plastic clays,. kaolinic in character, occur in segrega-
tions. Further along, a finely divided pink clayey sand occurs,
very similar to the pinkish-brown lustrous sand above described,
but containing, besides the tiny longitudinal quartz crystals,
small particles of a non-gritty yellow clay, and some of it con-
tains large leached angular quartzite fragments stained pink
by the anhydrous iron sesquioxide. After this, cherts, with
more or less red clay, and finally the limestone is encountered.

The shaft is ninety-five feet deep. According to Mr. C. H.
Stevens, who had charge of sinking it, the shaft was sunk
through quartzite boulders for the first twenty feet, then chert
and limonite through red clay was passed through for the next
twenty feet, when they secmed to dip out of the shaft to the
southeast. MMore clay was mixed throngh below this till within
ten or twelve feet of the bottom a black clay was reached, con-
taining finely disseminated pyrite or marecasite.

At the fifty-foot level two cross-cuts were made. The north-
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west one was seventy-five feet long and brecciated cherts with
limonite and hematite cement through red clay and some gray
clay was secured. Cross-cut to southeast, eighteen feet about
same, except that possibly some quartzite was secured, but this
not certain, as the produet may be highly silicified chert.

At the eighty-foot level another cross-cut was carried out
about one hundred and eighty-seven feet. A descriptive section
of the several bands passed through in it is presentod below.’
This section is on same side of cross fault as the section above
given. Section beginning in shaft and contmum«r southeast to
end of eross-cut is as follows .

1. In shaft, black clay w 1th pyrite or marcasite through it,
about six feet.

2. In cross-cut, chert breccia with iron cement, partially
massive and partially boulders through sand, about twenty-two
feet. At fifteen feét from shaft there is a fresh-water spring.

3. Chert boulders through fire-clay or sand rather dark in
color, seventeen feet. ]

4. Some hematite boulders noted. Here sets in a three-foot
band of black clay with disseminated pyrite or marcasite.

5. Masses of black clay similar to above threugh white clay,
and some brown clay with occasional quartzite boulders, to-
gether with a few cherts, thirty-three feet.

6. Black clay similar to No. 4. Four to five feet thick and
dipping southeast.

7. A brownish-yellow very plastic non-gritty clay for nine-
teen feet; its northwest contact with No. 6 probably marks line
of main fault, as no cherts are found beyond contact to southeast.

8. Grey-white silicious clay, with a considerable amount of
Lower Chester quartzite fragments and boulders, for fifty-two
feet.

9. Black shales dipping -highly to southeast, containing
plant impressions, with some quartzite intercallated. The con-
tact between these and No. 8 marks plane of secondary fault
between Lower Chester quartzite and Middle Chester shales,
limestone and quartzite.

They had gone but seven feet into these shales at the time
of my visit, but according to Mr. Charles Bush, who had charge
of the work, they continued across them for eight feet further,
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making fifteen feet in all, after which they also cut through the
following:

10. Coarse-grained blue-gray limestone, eight feet.

11. Black shales, seven feet.

12, White, highly silicified quartzite to end of cross-cut,
seven feet. :

The products shipped were the highly silicious fire-clay from
the main tunnel and the black plastic clay secured in the cross-
cut beyond the main tunnel, as above described; of this latter
only one or two carloads were shipped.

The main mass of fire-clay or fire-sand is composed of finely-
divided particles, having fragments of quartzite and chert
through it. While these fragments show angularity as regards
shape, they are often irregular, presenting a hackly appear-
ance along the edges. The quartzite fragments show tiny cavi-
ties where leaching has occurred, lined with a thin layer of
white clay, much whiter than the quartzite, and in some in-
stances residual particles in the center. Some fragments show
a more advanced stage of decomposition and leaching than
others, and the breaking into each cther cof these small cavi-
ties accounts for the irregularity of the quartzite fragments
along their edges. There are also small segregations of iron
through the product from the size of a pin head and others over
one-half inch across. The chert fragments also show evidence
of having undergone silicification, and are usually smaller in
size than the quartzite fragments. They show very little leach-
ing, having minute cavities, capable of being seen only under
a magnifier. The chert fragments are whiter and less translu-
cent than the quartzite, ‘

An analysis which I have seen of an average sample of the
fire-clay or fire-sand shipped showed a iittle less than 94 per cent.
of silica, a little less than 3 per cent. alumina, .50 per cent. iron
oxides, and the remainder calcium and magnesium carbonates,
soda and moisture. It is probable that part of the silica is
colloidal, thus accounting for its having a greater plasticity than
it would otherwise have with the same chemical composition.

It is probable that both mechanical and chemical means en-
tered into its genesis. The faulting produced a highly brecciated
mass of sandstone on the southeast of the main fault and brec-
ciated limtstone and chert on the northwest. Probably heated
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solutions, as suggested by Dr. H. F. Bain, have metamorphosed
the sandstone by the addition of silica, changing it to quartzite,
and also silicifying the cherts of the limestone. Later, a set
of probably descending solutions passing along the fault plane
have dissolved out the limestone, leaving red clay, limonite,
hematite, cherts in part disintegrating iuto a highly silicious
clay as residuals. The same solutions acting on the quartzite
formed first tiny cavities in it, and continuing finally disinte-
grated it to its present condition. Later, other solutions have
segregated small masses of more plastic kaolini¢ clays. The
fact that part of the cementing silica was probably colloidal
would account also in part for the ready disintegration of the
quartzite. Tiny cavities showing leaching of quartzite are very
common throughout the district, where the quartzite occurs
along the faults. Summing up, the fire-clay or fire-sand is pri-
marily derived from the quartzite, and in a lesser degree from
the cherts.

The tunnels were started September 27, 1902, but no ship-
ments were made till April, 1903. They were started with the
intention of securing an ore body along the fault, when the fire-
clay or fire-sand was found instead.

Shipments as secured from the Illinois Central Railroad and
submitted in a report on the statistics of production of the dis-
trict for incorporation in the report of the State Imspector of
AMines for 1903-1904, were as follows: Shipments for 1903, five
months, §,G96,793 pounds; shipments for 1904, three months,
3,260,000 pounds; a total of 5,978 short tons.

The product is used by the Xewanee Tube Company, Ie-
wanee, I1l., for lining their furnaces, for which purpose it was
considered very efficient. ,

A number of deposits somewhat similar to that of the Stev-
ens fire-clay or fire-sand are noted below. All the occurrences
mentioned have St. Louis limestones and cherts on one side
of the fault and Chester quartzites on the other. In a number
of instances, a small amount of similar products are found.

J. Anderson Jones Property—Within one and a half miles
of Sheridan, Crittenden county. Investigated by the Marion
Zine Company. The deposit was of considerable width, but
showed too large a per cent. of ferric oxide to be of value.
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John Eberle Property—Two miles southeast of Salem, Liv-
ingston county. Shaft sunk about ninety feet. The product

contains more chert than that at Stevens’. The size of the body
is not known.

The Corn Mines.—Nine miles northwest of Marion, Critten-
den county, at Pleasant Grove Church. A kaolinic clay, very
white and pure, similar to the segregations at Stevens’ Tunnels
is secured, occurring between quartzite masses and between
fluorspar fragments to one side of the quartzite. It is not
found in commercial quantity.

The Angling Property.—This land is situated seven and a
half miles from Smithland, to the north of fhe Tiline Road, in
Livingston county. Here a shaft thirty feet deep has been sunk
by Mr. W. A. Dooms, of Tiline. On the southeast side of the
shaft a somewhat broken, irregular quartzite wall is secured,
while on the northwest is found a calcite-seamed limestone.
Some cherts and quartz geodes were found on the dump, making
it probable that the limestone belongs to the St. Louis forma-
tion, although the geology here appears to be exceedingly com-
plex. The main mass of clay, which constitutes the filling be-
‘tween the walls, contains chert, quartz and quartzite fragments,
and it is consequently quite silicious. It is slightly plastic,
and some parts show slight ferric oxide stains, while others
are heavily stained. This fire-clay or fire-sand, on the whole, is
quite similar to the Stevens’ Tunnels product. The extent of
this deposit has not been determined. A thin band of a much
more plastic clay occurs immediately against the limestone
wall. It is a light greenish yellow, somewhat speckled with
brown iron stains; is not gritty, but unctuous.

It is of interest {0 note thaf the analyses of fire-clay or fire-
sand, such as is secured at the Stevens’ Tunnels, Angling, Jones,
c¢te., show a close analogy to the composition of Dinas brick.
Analyses of the Stevens clay, as previously noted, showed a little
less than 94 per cent. silica, a little less than 8 per cent. alumina,
0.50 per cent. iron oxide, and the remainder calcium and mag-
nesium carbonates, soda and moisture. The Dinas brick con-
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sists of about 95 per cent. silica, 2 to 3 per cent. alumina and
iron oxides, and 1 to 2 per cent. lime.*

The advantages of Dinas brick over firebrick have recently
been pointed out, in an abstract of a paper of I°. Leisse on the
subject (in Engineering and Mining Journal, LXXX,, No. 3,
120), and may be summed up as follows: |

Firebrick, in the construction of certain kinds of furnace,
especially retort furnaces (in which tight walls are requisite),
is weak in its high coefficient ¢f contraction when exposed to
high temperatures, the shrinkage being 5 to 7 per cent, at 1,300
degrees C. This and the tendency to soften when heated quickly
lead to deformation of retorts.

On the other hand, Dinas brick withstands a higher temper-
ature than firebrick, and increases slightly in volume, the linear
expansion in good samples beirg 0.9 to 3.4 per cent. at 1,700
degrees C. Ifurnaces built of Dinas brick are found to bear
fluctuations of temperature very well, and, as the walls can be
built thinner than when firebrick are used, the larger combus-
tion chambers thus possible facilitate the utilization of heat,
pyrometric tests showing a superiority of 70 degrees C. Though
more porous than firebrick, it is less corroded by flying ash and
chemiecal agents, and there is no cracking of the pillars as with
firelrick, the heat Deing more uniformly distributed through
the mass. Its conductivity is 20 per cent. higher than the best
firebrick, the quality being apparently due rather to the relative
percentage of silica and alumina than to structure.

These facts should be good cause for larger exploitation of
the fire-clay or fire-sand secured along faults in this section.

*“Dinas bricks” are of English manufacture and are also known as “English
quartz bricks.” or as ‘“stone bricks.” As in the case of the “silica bricks” of
France and Germany. they are especially designed to retain form and size un-
der intense heat, and are much used in the cqnstructlon of copper furnaces at
Swansea. They are made of quartz sand or of crushed quartz rock, with small

percentages of alumina and lime, the lime being the binding material. The
average composition of Dinas brick is as follows:

Per cent.
Siliea - 95.93
Iron oxide 0.48
Alumina . . 1.20
75+ « - 2,16
MABNESIN .vineiienenniraunorsetoossesasssosessnssassonns 0.24
Manganese oxide.........c.cic0iiven R LR R R PP PPN Trace

100.000

It will be seen that the Stevens’ Tunnels material compares well with the
Dinas analysis.—C. J. N.
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DESCRIPTIONS OF MISCELLANEOUS CLAY AND SHALE
QCCURRENCES.*

David Adams Shale—Exposed in a gully on the east of road,
about a mile and a half from Smithland, on the Dyer’s Hill
Road. It is a soft, greenish, finely laminated shale, containing
a soft limonitie clay, principally in seams; also rootlets. Only -
partially plastic. It lies over the Fredonia member of the
Princeton (Ste. Genevieve) limestone, and is probably of that

age. It is overlaid by Lafayette pebbles. Probably not of
economic importance.

Bob Blakelee Shale—Outcrops about two and six-tenths
miles from Hampton, on the west side of Dooley’s Bluff, where
there are six feet of light brown shales, partially decomposed
where exposed. They would probably be of value for a fertilizer.
The material does not effervesce in acid. The section here, a
part of the Birdsville formation, is as follows:

1. Sandstone from top.
2. Limestone, containing Pentremites pyriformis, Spiri-

fer seminula, Productus, etc. .....ccveeeeeenncanss . 28 ft.
3. Light brown shales......cccvieeivrierrnennnnnennnees 6 ft.
4, Covered, probably shales in part.........cccvevunnn. 24 ft. 6 in.
D, LimestOne, BreY¥...ccveveereeecraceenaneneonennsnnnns 35 ft. 6 in.
6. Thin, shaly sandstone......... eeecseriaveresataraana 5 ft. 6 in,

9. Covered to base of hill.

Coulter ('lay—In a drain on the R. E. Coulter land, about
one and a half miles east of Golconda, in Livingston county, a
greenish white, mottled with red, clay outerops in close prox-
imity to a sheer zone. It apparently resulted, in main, from the
decomposition of Upper Birdsville shale. Is quite hard when
dry and contains rootlets; somewhat plastic and slightly gritty.

In part, contains admixed sandstone fragments. IExtent not
known.

Cossie Clay.—A greyish-white plastic clay, yellowish in part
from limonite staining; is gritty and contains rootlets. Brought
to the writer by Mr. Cossie, from his land a half mile out the
Antioch Road after leaving the Carrsville-Hampton Road. Said
to be found in a drain. Surface formation is Upper Birdsville.

* Sce note by J. H, G. on page 141,




GEOLOGICAL SURVEY OF KENTUCKY, 1389

Calcarcous Shale—About one hundred and fifty yards cast
of the CarrsvilleHampton Road, near where the road forks
going to Antioch. It rests upon an Upper Bivdsville limestone,
and sandstone lies above it. It is a gray calcareous shale, dis-
integrated by roots and weathering. Probably of value as a
fertilizer.

S. M. Wilson Shale—Just south of where Dry Fork enters
Powell creek, on S. M. Wilson’s land, in Livingston county, is
an outcrop of umbery shales, highly folded in close proximity
to a fault and of St. Louis age. These shales vary much in char-
acter and probably are not of economic value.

Bazter Clays.—About two miles northwest of Salem, in Liv-
ingston county, on Mr. Baxter’s land, specimens of three clays
were collected. One of these was found in small pockets in
sandstone conglomerate, resulting probably from the decompo-
sition of the conglomerate in place. The conglomerate has quite
a number of fossil plant impressions scattered through it. The
clay is a gritty, somewhat micaceous, plastic clay, and is iron-
stained where weathered. Does not occur in quantity. The
second specimen was collected from a drain lower down the ridge
and is probably a residual clay, from upper Birdsville lime-
stone and shale decomposition, which has been deposited but
a short distance from its source. It is a somewhat limonitic,
highly calcareous clay, nor far from marl in nature. It is not
gritty, but slightly plastic and fine grained. This is secured
about sixty feet below the base of the Conglomerate. This clay,
if in quantity, would probably be of value for fertilizer. The
third is a yellow calcareous clay, seamed with purple seams,
also calcareous. This is secured about twenty feet below the
Conglomerate.

Howard Damron Shales—Outcrops two and three-quarter
miles southeast of Lola, near the county line in Livingston.
They are light green shales mixed with some purple, of Upper
Birdsville age, resting upon limestones :and capped by sandstone
shales. They are plastic and non-caleareous.

Simplins Shale—This occurs about three-quarters of a mile
from Amis bridee, on Claylick creek, in Crittenden county.
Occurs at an elevation of about 210 feet above the creek.
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CLAYS AND SHALES SUITABLE FOR PAINTS.

There occur on the Carrsville-Antioch Road two outcrops
of maroon-colored clay or partially decomposed shale. Both
of these are probably of value for paints. The first is about
one-half mile from the Carrsville-Hampton Road, on the Cossie
land. Here it is dark maroon, with some yellow through it.
It occurs in shale outcrop above heavy Upper Birdsville cherts,
and above it are boulders of Upper Birdsville sandstone, lime-
stones and sandstone conglomerate. The second oceurrence is
on Albert Slessor’s land, a short distance from where old An-
tioch church stood, and outerops in the west fork of Buck creek
near its head. It is maroon in color and containg a2 few limon-
itic spots. Above it, on the east, quartzose sandstone boulders
are found, while a large outcrop of sandstone conglomerate oc-
curs above it on the west., The thickness of neither this nor
the former clay was determinable, but both are probably a con-
tinuation of the same bed.

On the J. H. Vaughn land, four hundred vards to the right
of the Greens Ferry Road, about four miles from Salem, a
purplish maroon, with some green, shale is found. If is also
an Upper Birdsville shale. The shale has been cut in two small
prospect holes, ten to twelve feet deep, and is about five feet
thick. Green shale is secured below the maroon.:

Deep red clays, also suitable for paints, may be found in
quantity in a number of places in Crittenden, Livingston and
Caldwell counties. For the most part they are similar to the
clays or lower layer laterites occurring above the St. Louis and
Princeton (Ste. Genevieve), although the former are usually
the darkest. Red clays of value for this purpose also occur in
some of the other formations.

A bed of deep red clay occurs at the foot of the hill at the
end of Mill street, in Smithland. It is four feet thick and is
cverlaid by a little gravel and brown loam. A bed, beneath the
brown loam, also caps the hill at the cemetery, more sandy in
character and not so deep in color. It is about five and a half
feet thick and of Lafayette age.

Another bed occurs on the place of T. J. Rappolee, of Smith-
land, on Bissell’s Bluff, in Livingston. Where opened, it
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showed nine feet thick and was permeated by thin streaks of
a bluish plastic clay.

Clays of a pretty green color occur in the Birdsville, and are
well exposed in a number of localities, notably in the road three
miles north of Smithland, and on the Lemon place, on Champion
Hill, a mile or more northeast of Old Salem church.

A bed of plastic clay, light blue, occurs in a ravine on the
old J. C. Miller place, but not in large amount, in the southern
part of Livingston county, a few miles north of Gum Spring
church.

MARLS AND MARLY CLAYS AND SHALES.

Besides such of these as have been mentioned above, the fol-
lowing may be noted. Birdsville gray, green and olive colored
marls and shales, which can be used not only for paints, but
for fertilizers for impoverished lands. These are in many in-
stances identical with the Leitchfield marls of Grayson county,
which have been used also in the manufacture of cements proven
to be equal to the Portland. ,

.Among Livingston localities may be noted the following:
In the road on Champion Hill, in front of Lemon’s house;
three miles north of Smithland, where the road to Dyer’s Hill
passes two ledges of rock, the marl occurs just beneath the
road; and to the hillside to the east of the road leading south
from Smithland to Threlkeld’s bluff. The first is most ac-
cessible,

An occurrence in Crittenden that may be mentioned is found
in the thirty-foot prospect shaft, sixty feet northeast of the
cribbed shaft, on the secondary fault at the Givens Mines. The
north wall consists of greenish and black shales and thin-bedded
Middle or Upper Birdsville Limestone. The greenish shale is
very high in lime, and seems to occur in quantity.

*The J. E. Williamson Place, Livingston county.—Note by J. H. Gardner:
This land, owned by Mr. J. E. Williamson, of Paducah, is about two miles
north of Grand Rivers and half a mile east of Gravel Switch., Here there
is an exposure of beautiful white clay. The deposit is of comparatively re-
eent formation, belonging to the Quaternary period, which covered the area
of Kentucky west of the Cumberland and Tennessee rivers, and at some
places ig found crossing those rivers. The clay is betwen the two rivers.

At the exposure, which is along a bold ridge, a shaft had been sunk,
but it had become filled before the examination was made. According to
information given by Mr. Williamson, the shaft was over thirteen feet deep
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and did not pierce the entire thickness of the deposit. Following is the
section at the exposure:

Soil and Gravel

| white clay

12¥4 ft. . ¢ Coverad

o

2ftg I T T L T T T T\ Bluelsh Limest

This will probably prove to be a valuable deposit. The horizontal ex-

tent of the bed could not well be determined, because of timber growth
around the ridge in which the clay is exposed.

The following analyses, made for the Survey by Burk & Lyon, indicate
a relatively pure refractory clay of high quality:

. Per cent.
Hygroscopic moisture........cc0v0eean. teeeeaan vesasesseess 0,50
Combined water............... Ceeeereertranaes Ceerrenraaaes 3.81
SIHCA 4evriereninnnnrrsisarenaeeccaneennsnnnasnosennosnnens 83.47
Alumina .......c0000e. iresesecsnanaaesananas erreseensenns 8.20
Ferric oxide....ooiiiiiiiiin it iiiiininninnnennnne, veeee 1,16
Lime ....vevvuns et et eaae et taas st aan 0.69
Magnesia ...ovviiiienreciiannneeecancns sessecatasaatnennean 0.12
Potash and SOQ8...euvenreieiieenneeneensnnnsnneaneeannenn. 0.74
Titanium dioxide.........cvevvevunnnsn drsesrease evssen ... 0.83
Sulphur trioxide.........cceiiieiiiiaren. TS 0.28

99.80

The rational analysis is:

Clay substance.......... eeesee - 12 3 1 -4
QUATEZ svivvrverienrencesosnnccancananns feerereneans ceessess 04.43
Feldspathic detritus........ S 8 7

100.00
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PART II.

SILURIAN CLAYS,

WITH NOTES ON CLAYS OF THE WAVERLY AND IRVINE
FORMATIONS.

Being Extracts from Part II, of a “Report cn Silurian, Devonian,
and Irvine Formations of East Central Kentucky, with an Account

of Their Clays and Limestones,” forming Bulletin No. 7.

By AUG. F. FOERSTE.
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PREFATORY.

In order that as much as possible of the available informa-
tion concerning our clays may be presented in a single bulletin,
the following extracts from Part II. of the recently completed
report on the Silurian, Devonian, and Irvine Formations of
East Central Kentucky, by Prof. Aug. I. Foerste, assistant
geologist, are included in this bulletin. Prof. Foerste’s complete
report is profusely illustrated with plates and maps, and in
the economic section, of which these extracts form only a small
part, not only the clays but the limestones and other economic
values of the formations described are discussed. Necessarily,
one must consult the complete report in order to intelligently
study and trace the deposits here-briefly described. It is printed
as Bulletin No. 7.

It will be observed that in the arrangement of his text,
Professor FFoerste presents first a series of analyses, with de-
scriptive notes, and then follows with a discussion of the possu-
ble uses of the materials.

Irvine formation is a name used by Mr. Marius R. Camp-
bell, in his report on the Richmond quadrangle, for deposits of
‘“unconsolidated sand, gravel, and clay, which originally cov-
cred the intermediate valley of the Kentucky river near the
eastern edge of this (Richmond) quadrangle, but which are
now found capping the river hills—the few remnants of what
was once an extensive and continuous surface.” He provision-
ally assigns the deposits to the “closing stages of the Neocene
period.” The formation is named from the town of Irvine.
(Richmond Folio, U. 8. Geo. Sur.)

In order that other geological references may be understood,
the following table is given, showing the classification presented
by Professor Foerste in the report named above.

C. J. Norwoob,
State Geologist.
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Table of Formations.

PREPARED BY PROF. AUG. F. FOERSTE.

DIVISIONS. BEDS.
Subdivizions not given, with Linietta Clay (af dase of
Mississippian Waverly Series.)
exception of the lowest layer, Phosphatic nodules.
Ohio Shale. (Known as
Cleveland Shale.
the New Aldany Shale
. Chagrin Formation.
in Indiana. Alsocalled
. Huron Shale,
Devonian Black Shale.)
Dufin layer.
Devonian Limestone. { Xnown as Columbus Limestone. { Equiva-
Devonian. Corniferous Limestone in former lent to the Jeffersonville Lime-
reports, Possidbly may include stone, and possibly also in part
other strata than the Columbus to the Sellersburg Limestone,
Limestone.) in Indiana.)
Layer with fisk plates and teeth.
Estill Clay,
Crab Orchard Alger formation. Flades Clay.
‘Waco Limestone,
division of the Lulb 4 Cla
ulbegru Y.
Silurian. (Low-
Silurian, er part of Niag-
) Indian Fields Oldham Limestone,
aran division.) - N
formation. Plum Creek Clay.
Brassfield divi- Brassfield Limestone,
sion { Clinton).
Ordovician. Subdivisions not given in this table.
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SILURIAN, WAVERLY AND IRVINE CLAYS.
BY AUG. F. FOERSTE.

1. ANALYSES.

Most of the following analyses have been made for the pres-
ent Survey, but several are appended which were made for the
carlier surveys; as far as is possible from the information at
hand, the geological positions of the samples collected by the
latter are indicated in accordance with the revised classifica-
tion.

2598.—Clay. From Panola, along Oldham branch, south-
east of the railroad station; Madison county.

Geological position: Plum creek clay. A five-foot clay layer
at the base of the Crab Orchard bed, immediately above the
Brassfield or Clinton limestones. Collected by A. I. Foerste,
1904,

Analysis, sample air dried:

Per cent.

MOISLUTE evrureenannseseosnrenceesasoaceasnsoncnnnnnnnnnne 2.45
Ignition (combined water, €tC.)vueeeevervenereerecenrassnone 9.94
SIHCA teeenrisnsecesesiiteerroseeeenncsesnnessseocsannnonns 49.90
ATUMINA oitiiiieiiiii it iiiiiiteeteteeerenteneenassnsnonns 18.15
Ferric oxide..oooinriieiiiii i ittt it r e 5.57
35 Y 4.02
Magnesia tvvrernrineiieieieinreeeeienionnsnnnsncnnnnaanens 3.32
B 0] - 1 5.32
S - R 0.33
Titanium dioxide......covviiiiiiiiiiiiiiiniiiniaineenrenns 0.93
Sulphates ..iveiiiiiiiiiiir i i it i iier e Trace
oAl i it iiiiinsiiiatetransneeenncssoncsseeancannnnnnnes 99.93

2600.—Clay. From Irvine, along the road an eighth of a
mile north of Estill Springs, and an eighth of a mile south of
James Harris; Estill county. :

Geological position: Lulbegrud clay, collected from two
to thirteen feet below the massive two-foot layer which forms
the base of the Waco formation. This is the middle clay of
the Crab Orchard bed. Collected by A. F. Foerste, 1904.

[y
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Analysis, sample air dried:

Per cent.

MOISEUTE ©.vvveivuenraceracsnssanascosavenvssasassvacssasans 1.98
Ignition (combined water, efc.)....covviiiiiiiiiiiiiianes 6.12
SIHCA eeveneovecarnsacsosasssssassssscrssseasssossassassass 58.82
AIIMINA ceeevtrrrerrisiresnscrnsossacnsassassascasscssanss 18.14
Ferric oXide..ovuuireeeeenarsetesirencsnesseoscacsssrasncsans 4.83
TAIIE vvveeeirereannssonenesoosssonassssasssssasacassasvsass 0.91
Magnesia .v.oeeveerecirerrscannanss eeverenesasssesnsasneses 1.74
POtasSh ....oveteveenenvacsesoasassasasasnseonsencsncscanass 4.71
SOUA cveecvveroocosasnosrosesossaassonssssssssscscnsanssans 0.36
Titanjium dioXide......cveiirriieennrnerenressnnsosncanennes 1.25
Sulphur trioxXide.....coviiveeveeresercsnsssroscscssasssacnnss 0.12
OtAl. e ivneeereescaoscsnsancosnsassessasossnsonasanenoes 98.98

2187.—Clay shale or indurated clay. On the hill two hun-
dred yards north of the home of Dr. Freeman. Two miles
southeast of Bobtown, on the east side of the Big Hill pike,
north of Joe Lick creek.

Geological position: Collected by John R. Procter, and
stated by him to occur beneath the Corniferous limestone. The
bed is six or more feet thick, and contains gypsum. Locality:
R-S-21. Probably belongs to the Lulbegrud clay division of
the Crab Orchard bed.

Generally in thin, soft, irregular laminae, of a light olive-
gray color, irregularly varied with brownish yellow or ochreous.
It contains gypsum in irregular crystals between some of the
laminae. It is quite plastic with water. Burns quite hard, to
a handsome light brick color.

Analysis, dried at 212 degrees T.:

Per cent.
Combined water, carbonic acid, and loss...... cmesecenanen 5.871
SIHEA evirenreeeisenniocesncsccssrsscscanssssssonsssnasons 48.780
AlUMINA ..ovciieiirrecnorncesssssesasocnsssnscotsonsesoss 17.320
Iron peroxXide.......ciiseeienecennnrieraisniensetennnnonnn 3.240
Lime sulphate....cceeiierietersceacssossocanacanassssasnns 19.285
MABNESIR vveveveeracrasnsosransssearessasctssssasosasnoses 0.496
b ) - 1<) + 4.768
L T - e 0.240

2170.—Indurated clay. From the farm of C. L. Searcy, near
Elliston, west of Waco two miles; Madison county.
Geological position: Collected by Johr R. Procter and stat-
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ed by him to occur beneath the Corniferous limestone and to

form a bed ten or more feet thick, and tc make good soil.

At

Waco the base of the great mass of clays forming the Estill
clay of the Crab Orchard series occurs below the Devonian
limestone, It may be that the base of this upper clay is present
also on the Searcy farm, although this clay is known to thin

out westward.

Analysis, sample dried at 212 degrees F.:

Combined water and loss
Silica .......

Magnesia
Potash
Soda

..................................
................................... 62.580
..................................
..................................
..................................
.................................................
.................

..................................

Per cent.
4,147

22.940

2599.—Clay. From Panola, at the railroad cut east of the

station.
Geological position:

From the upper clay of the Crab Or-

chard bed, forming the main body of clays above the Waco hori-
zon, Estill clay. Collected by A. F. Foerste, 1904.

Analysis, air dried:

Moisture ......coevvvennees tescearsestraascacsans seennens vee 2,20
Ignition (combined water, et€.)....evvvetvennneiennnennnn. 7.80
Silica cesevierearenrinss Hesesteiranetetcteestasanntasaanenn 54.33
Alumina .......... seessecesns sesectassstassasetsennentatann 19.44
Ferric oxide........ Cierissenserens taeersecsanatarnensaasaans 5.00
Lime ...ccvviieriiiiicentoncsennnenensne recencsesvesesaannn, 1.88
Magnesi® ..cvvivvscriinrncancssssctsssstranssrscasnnasreans 2.22
b 520] T 1 5.156
oo - 0.31
Titanium AioxXide...ovieeeererroercasrresecsecssstorecsnnons 1.13
Sulphur trioxide....c.cvveviinreecnnrncensccaaense erenaenes 0.39

Total...iiiiiirenerrorseceosonconssossssncnas ceenssasaas 99.85

2601.—Clay. I'rom Irvine, on the hillside northwest of the
home of James F. Harris, one mile north of town; Estill county.

Geological position:

The upper or chief body of clay in

the Crab Orchard bed, overlying the Waco horizon. The speci-
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mens analyzed were a mixture of clays collected between twenty-
seven and fifty-seven feet above the two-foot layer of limestone
which forms the base of the Waco horizon. Estill clay. Col-
lected by A. F. Foerste, 1904.

Analysis, sample air dried:

Per cent.

MO StUrE tiiiiiiiieieieerennreereesnnneccnstecannnnnnenns 2.13
Ignition (combined water, carbon dioxide, elc.).cceeeerne.. 7.26
SIlICA tivveeetraesiinnsssotasecrvecsenrsvonnsoscsssosannnes 55.25
AJUMINA tiininneriieieencaroeerensanscnceereascasasssssnons 20.79
Ferric oxide...cviiiirieiiiiiieieenreneeieecetntoncnessonnns 4.40
LimMe tiveeevanerssecsocnncaccecarannnns N 1.51
MABIeSIA .vvevieorriocreceansacctsscosacscacaassaressosnsne 1.04
Potash ..eiiviiiiiniiiiiiiiiiiiitenaaretrstiasssrrseenarens 4.95
S T T - 0.41
Titanium dioxXide.....cociveiiieerrririeracaasosroncornnensss 1.16
Sulphates .....ccceeiericnnns tesseasecsvasnctetntsanrranann Trace
Total....conveunen sesessessesesssanasane eereerecnnns veee. 98.90

2619.—Crab Orchard. At the exposure south of the road-
side well at the north end of the grounds belonging to the Crab
Orchard Springs hotel, one mile north of the station, and a
quarter of a mile south of Dix river.

Geological position: From the upper or chief clay layer
forming the greater part of the Crab Orchard bed. Collected
from the upper part of the section, fifty-five feet thick. These
clays belong to the Estill bed, above the Waco horizon. Col--
lected by A. I*. Foerste, 1904.

Analysis, sample air dried:

Per cent.
MOISEUTE® tevueiernresssecasanesocanssonseossescsanonsoscans 1.69
Ignition (combined water, carbon dioxide, etc.)............ 7.86
£S5 0 N 54.48
AlUIINA triiiiiiiriiiiiettertetaniascesecncroacveanennns 18.90
Ferric OXiAe..ueerrieineeiseneeeanesacssesnocosssancsasnns 5.64
LiMe tuceeeiriiiverneecnnssessonasssasssancoasosansosanans 2.50
MagnesSid ...cecvuveeiiccncrsosanttaensasscnsescnceassrranns 1.71
Potash ....ivvririnenicrocatessacansonsassnastacsrorrsnaas 4.67
Soda (traces of lithig)...ccveveeeerrnenccenacsesscrocncnens 0.38
Titanium dioxide....ccvieiiriiieierrrencnsanrsisasscrnsnnss 1.12
Sulphates and phosphates.....cccvveenvecerccorscscronnsnns Traces
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2186.—Clay shale. On the road near Anderson Lake’s house,
three hundred yards west of Drowning creek, two miles south-
west of Panola, a mile and a half northwest of Combs.

Geological position: Collected by John R. Procter, from
the “Niagara Group.” Either from the Lulbegrud clay division
of the Crab Orchard bed, or from the Estill clay of this series,
above the Waco limestones; probably the latter. Locality,
R-SE-21.

An olive-gray and brownish gray, somewhat firm shale, mot-
tled in parts. Quite plastic with water when powdered. Cal-
cines to a light brick color.

Analysis, dried at 212 degrees I'.:

Per cent.

Combined water, carbonic acid, and 10ss.......eveeevennes 16.221
SIHCA seveenreeretreecssocsscensercsssssesecsscossssasannnse 42.300
AJUINING . ..vvvtreirnetreocranssesesscsesssacsosannsonsans 20.840
Iron peroxide.....cceeveesscescesscerossccenerescsonsaners 4.120
LIME tivviereoisortansessesesssrosecossoasesssnssassacesss 13.320
Magnesia ....cevecnrannreinssecsiaastseroassasssnsssanane 0.461
Potash .ivvieniiiiieiiniienatiiietasttecarereattenacaneans 2.387
1T Y 0.351
o 7 100.000

2. PossiBLE USES OF SILURIAN CLAYS FOR THE MANUFACTURE
OF CLAY PRODUCTS.

If attention be confined to the clays investigated by the writ-
er, a considerable similarity in the chemical composition of the
clays from the different horizons is noticed. The percentage of
gilica in these samples varies from 50 to 58 per cent.; that of
alumina, between 18 and 21 per cent.; that of ferric oxide, be-
tween 4.5 to 5.5 per cent.; that of potash, between 4.6 and 5.3
per cent.; that of soda, between 0.3 and 0.4 per cent. The per-
centage of lime and magnesia, however, is much more variable,
the proportion of these substances being greatest in the case
of the sample of Plum creek clay.

These samples of clay were selected with special reference
to their availability for commercial purposes. Considerable
care was taken to secure samples from localities where large
quantities of these clays were available and to select the ma-
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terial in such a manner that an analysis of the mixture would
give a very fair idea of the general characteristics of the clay
as they would appear under ordinary methods of manipulation.

From these preceding analyses it is evident, of course, that
they have no value as fireclays. They contain tco much of each
one of the fluxing materials—potash and soda, ferric oxide,
and lime and magnesia. On this account they melt at too low
a temperature and hence will not serve for brick intended to
stand a high temperature.

They also have no value as stoneware clays, as the following
table, giving the range of the percentage of the various con-
stituents of good typical stoneware clays will show:

Average
Maximum | Minimum of 8

analyses
SilICA tiviiierirecntneccosacasorcascssanaacnens [ 72.10 45.00 64.08
AlUMING ..vivernneerncsnsoaressrnsassssasssons | 38.24 19.08 23.86
Ferric oxide cv.vvivrviiiiinenennncasesnnnsonans i 1.50 0.96 1.23
LAME ..vvevriernonneciosaosenansasssoverossnana 1.70 0.00 0.78
MaBReSi& voeevnverecroiossonasacncsaaasonsssnns 0.68 0.11 0.40
Soda ....cn0nns teessatsctesaatanssansotransraon Trace 0.00 Trace
Potash ..iiiiiiiiiiieiitticteiiitiiniitiasnines 2.42 0.15 1.48
Oxide of lithium, with some soda.............. H 0.02 Trace I'race
THADIUM  0XIA€u 1 ureveirrerrerrereraerennannans i 1.30 0.29 0.46
WWater +viverereirnnensrreassectosssasasessnsana 14.80 6.25 7.78

A comparison of the analyses of the Silurian clays with this
table indicates that the Silurian clays contain too great a per-
centage of fluxes. In place of a maximum of 2.4 per cent. of
alkalies, as in good stoneware clays, the Silurian clays contain
from 5 to 5.6 per cent. of potash and soda. In place of a max-
imum of 3.9 for the total quantity of ferric oxide, lime and
magnesia, the Silurian clays contain between 7 and 13 per
cent.

As far as may be determined from the analyses, these Siluri-
an clays should be almost ideal for the average run of vitrified
wares. This is well brought out by the following table, which
indicates the range of variation of the principal constituents in
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a number of clays which have been found to be of value for
these purposes.

Maximum | Minimum Average
SIHCA sesrecrreessssersssacsssessonosnnnconnnns 75.00 49.00 56.0Q
ATUMINA +eecrecrinrierectsirocsessesencssncnss 25.00 11.00 20.50
Ferric 0Xide cvvevevrrnrranrcrncencncenncnonsnen 9.00 2.00 6.70
LAIDE vvveesnecsooncersssansonssssscsasssasaase 3.50 0.20 1.20
Magnesia seeeeeccreceiorasssiostasesessccccone 3.00 0.10 1.40
Soda and potash....ceeveereceervenncncecearens 5.50 1.00 3.70
Loss on ignition.....ceiersocssncescseencennnes 13.00 3.00 7.00

In the Silurian clays here discussed, the percentage of
silica varies between 54 and 59 per cent., except in the case ot
the Plum creck clay, where the proportion of silica is nearly
at a minimum. The percentage of alumina varies between 18
and 21; that of ferric oxide, between 4.5 and 5.5 per cent. The
percentage of lime exceeds the maximum in the case of the Plum
creek clay, but varies between 0.9 and 2.5 per cent. in the other
cases. The magnesium also is in excess in the case of the Plum
creck clay. The alkalies, potash and soda, on the contrary, are
fairly high in the case of all of the clays (from 5 to 5.6 per cent).

- Clays of this description are used for sewer pipe, paving
brick and other purposes, where the materials do not have to
withstand high temperatures. Clays of this class should be
fine-grained and plastic, and should vitrify at temperatures as
low as 2,130 degrees to 2,210 degrees F. On this account the
clays should contain a considerable amount of fluxing materials.
However, to prevent complete fusion, there should not be much
potash and soda, since in these cases there is frequently too little
difference in temperature between the point of incipient fusion
and that of complete fusion. The difference between these points
should be about 150 degrees to 200 degrees TF. apart, in order
that the articles made from the clay may be raised to the tem-
perature of incipient fusion or vitrification, without any danger
of the temperature rising sufficiently to approach complete fu-
sion, which, of course, would cause the articles formed from
the clay to lose their shape, stick together, and become thor-
oughly valueless.

High-grade terra cotta work is now made from a mixture of
fire-clays which burn to a buff color. The Silurian clays here
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under discussion are not fire-clays, and they would not burn to
a buff color. Clays containing 5 per cent. or more of iron burn
to a deep cherry-red, unless under-burned, in which case the
resulting ware loses in strength, and in fact may be worthless.
There is no known reason, however, why the Silurian clays in
question should not prove available for the lower grades of
terra cotta.

On account of their large percentage of iron, these Silurian
clays are not available for the manufacture of yellow and buff
brick. They should, however, make excellent bricks of the com-
mon red variety. Brick clays should have a sufficient percentage
of fluxes to reach incipient fusion at a little over 1,900 degrees
T, and should burn hard at a temperature of not over 2,000 de-
grees . The Silurian clays here discussed have not been tested
as yet as to their fusibility. It is probable that a good quality
of pressed brick might be made out of these clays, but the
color would be deep red and the brick would not be as hard as
the pressed bricks made of more refractory material.

The clay from the C. L. Searcy farm shows a distinetly high-
er percentage of silica, and a distinctly smaller per cent. of lime,
magnesia and iron than the clays collected by the writer. The
clays from the Dr. I'reeman and Anderson Lake localities are
notable chiefly for the large quantities of calcium which they
contain. In the case of the clay from the Dr. F'reeman locality,
the caleium is determined in the form of calecium sulphate, in-
dicating the presence of considerable quantities of gypsum.

The use of the Crab Orchard clays for the purpose of manu-
facturing artificial cements should receive further attention. At
present many of these artificial cements enter the market under
the name of Portland cements. Various materials may be used
in the manufacture of these cements. Among these are marl
mixed with clay, limestone mixed with clay, argillaceous lime-
stone mixed with pure limestone, limestone mixed with shale,
limestone mixed with the calcareous waste left from the manu-
facture of caustic soda.

In order to give some idea of the sort of mixtures of lime-
stone and clay that have proved to be of practical utility in the
manufacture of Portland cements, the following analyses have
been added. The first column in each table gives the ingredi-
ents of the limestone entering into the mixture, the second col-
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umn gives the ingredients in the clay used, and the third gives
the composition of the finished product, the so-called Portland
cement,

Analyses of materials used by the Catskill Cement Company,
at Smith’s Landing, in Greene county, New York, and published
by the New York Survey:

Limestone Clay Ré:;‘;m‘
SiHCA cvivirernaiiriiiireiitiitienernasraaaes 1.64 | 61.92 22.48
Aluming ....iivierniiiiiirenitrtsiienianeans 0.39 16.58 6.52
Ferric oxide .....ocveviieeniiiiiiiiieiecnnnn ! 1.04 7.84 4.46
TAINE ceveereerescrrencrocscssncesasresassones 53.87 2.01 62.93
MAagnesia ..oeveivecerrecrcrassiscnsaccscacaras 0.52 1.58 1.48
AlRAlIES tivcvveevrranacnninersctoncnrasancsns]| aneses 3.64 | ......
Sulphur trioxide......cevcceviiiirieirecacance] ceeens Trace 1.30

The following analyses were published from an investigation
of materials used by the Glens FFalls Portland Cement Company,
in Warren county, New York:

Limestone Clay Rég;l:i&g
SIHCE tieveernrrieceenerscersossossnnssannans 3.30 55.27 21.50
Alumina, ferric oxide..........ccoviiiiinnnns 1.30 28.15 10.50
LiIN@ tuvverreierercrenesonntassesnoananennnan 52.15 5.84 63.50
MABNEBIR evvevoereroaseseoecasoonansanonasne 1.58 2.25 1.80
Alkalies ...vvvniiininirnercnciionnvoaanncnnne| ous P 0.40
Sulphur trioxide......coveeivneinvencnereea s { 0.30 0.12 i 1.50
Carbon dioxide .....ccoovvviiiiierienciennnns v 4098 | ... ] el
Organic matter and water........ccvvveenes 837 | +evver ] iiienn
| l

In the latter case the limestone and clay are dried and
crushed separately, After being weighed on automatic scales,
the materials are mixed dry and reduced to fine powder. This
powder is then fed into wet mixers, where sufficient water is
added to allow the mixture to be made up into bricks. The
bricks are dried in tunnels heated by waste heat from the boilers,
blowers being used to drive the heat through the tunnels. After
drying, the bricks are burned in kilns, and the clinkers resulting
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from the bricks are reduced to powder in mills constructed for
this purpose. The powder is the finished product, the Portland
cement.

The essentials in the manufacture of Portland cements are
lime and silica. The lime is furnished by limestone or marl,
and the silica is furnished by the clay. In burning, the lime
and silica unite so as to form the compound 3Ca0.Si0., called
tricaleic silicate. This compound, in large measure, supplies
the hydraulic properties of the cements. The ideal Portlund
cement would consist, therefore, exclusively of tricalcic silicate,
and would be composed entirely of lime and silica in the pro-
portion of 73.6 per cent. of lime and 26.4 per cent. of silica.

Such an ideal cement, however, can not be prepared at pres-
ent under conditions such as to make it a commercial product,
since the heat required to cause pure lime and silica to unite
can not be attained in any commercially useful kiln. In actual
practice, therefore, it becomes necessary to select materials
which, in addition to lime and silica, contain also other ingre-
dients which will serve as a flux, The most important of these
ingredients are alumina and ferric oxide, and when present in
notable percentages they lower the temperature at which lime
and silica will combine to a considerable degree. However, as
the percentage of alumina and ferric oxide increases, the
strength of the Portland cement decreases, so that considerable
judgment must be used in the selection of materials.

In burning, the alumina is believed to combine with the
lime so as to form dicalcic aluminate, 2Ca0.8i0O., and there is
a possibility of a similar combination in the case of ferric oxide,
forming the compound 2CaO.Fe.0,. Owing to the relatively
small percentage of ferric oxide in the materials used for Port-
land cements, it may be considered as producing about the same
effect as alminina, and the two may be calculated together.

Owing to the necessity of having the fluxing materials,
alumina and ferric oxide, present, in addition to the lime and
silica, the necessary elements of Portland cement, before burn-
ing, may be said to be about 75 per cent. of carbonate of lime,
and 20 per cent. of silica, alumina, and iron taken together.
The remaining 5 per cent. will include the magnesiumy carbon-
ate, alkalies, and sulphur compounds which may be present.
Of the essential ingredients, the lime is usually furnished by
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the limestone, while the silica, alumina, and ferric oxide are
supplied by the clay.

Some of the impurities found in the unburned materials may
be regarded as useful to the cemeat. One of these is calcinm
sulphate, which, if present only in small quantities, retards
the set of the cement. Magnesium: carbonate is an undesirable
impurity in the unburned mixture, and should form less than
3.5 per cent. of the latter.

For use as Portland cements the clavs gshould carry not less
than 55 per cent. of silica, and preferably from 60 to 70 per
cent. The alumina and ferric oxide calculated together should
not amount to more than one-half of the percentage of the silica.

The value of the clay is greater in proportion as the ratio of

its ingredients approaches Al,Os+IFe,O, =—S&- The percent-

age of magnesia and alkalies should be low, preferably not over
3 per cent.

From these statements it is seen that there is a possibility
of the usefulness of the Crab Orchard clays for Portland cement,
but that its usefulness can not be determined definitely until
the composition of the available limestones is known, and the
latter has not yet been determined.

LowEer YWAVERLY BEDS.

1. LINIETTA OR BEDFORD CLAY SHALES.

At the base of the Waverly series of strata there is a great
mass of clays, here called the Linietta clay, which occupies about
the same horizon as the Bedford clay of Ohio, but which may
include a greater part of the Waverly series. The analyses of
these clays are fairly represented by those cited below.

2597.—Linietta or Bedford clay from Blue Lick, Madison
county. Irom Berea, 1.5 miles northeast on Xingston pike, then
1.5 miles E. to junction with Blue Lick pike; southwest of rmd
corner.

Geological position: IFrom the base of the Waverly to forty
feet above the base. Collected by A. F. Foerste, 1904.
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Analysis of air-dried sample:

Per cent.

MOIStUTE ..evcecreaccncscocanncssncscscssassns ceseransanans 1.75
Ignition (combined water, etC.)eeecreereneereniecrenencanes 4.29
SilCA v.eereeerecctcrntnrcsssccncancnanas eeeeessieraennsane 65.58
AlUMING ...veveverearasecssoacssasasascscasssscsssesnnsssns 16.00
Ferric 0xXide...oeiieseeeececenearecasoroccerssonnsesnesonsas 5.21
LID0E ceveveeeeesoacassasasancssasosacssssnassssasssasasssee 0.03
MABNESI® vvevrrerarsasreccasossascscassrosssssasasansonane 1.25
POLASH «vevevencrocecssneaasasasassscssonsccssssassansssnes 3.89
SOUA vverevevoereassoassnsosasssassanssosssnssassvanossans 0.82
Titanium dIoXide.eeeeeeeeiiiireerensresseccssstonsccsrosnes 1.13
Sulphates and phosphatesS.....c.cccveeceesciicestcsenceccnnns Traces
028l i evreeenenononasacanssssssssssscsssnosssasasscanns 99.95
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2499.—Clay. On the land of John Pigg, three miles north-

east of Berea, two miles south of Bobtown, near the road from

Berea to Bobton, at the Blue Lick. Locality: R-S-8.

Geological position: Linietta or Bedford clay shale at base
of the Waverly series. Collected by Moritz Fischer, August 16,

1884,

Analysis of air-dried sample:

. Per cent.
Hygroscopic mMOisture....oocvecvcececsocanss vesesssascenes 1.030
Combined water and 10SS.....cceevvcvaceetiosscnsacnsosacns 2.947
Silica ..... Cueeceecncsenntaasttssntcnsasssaessaansannstons 68.440
Alumina and iron oxide......coeiieirrinerenrerencnroscaes 20.180
Lime carbonate......ccceeereecseecssansssscsscasacascnsnne 0.144
Magnesia CRIDONAtE. .. .coeiniieieeinsrenancncansecarannns 2.860
Potash ..... e tteetentaeiateareeeaenesaniaasareeraneanns 3.678
SOAB v ecvereeeorcncacasacasssosassoasssasssasnsascssnnsasns 0.740
Phosphoric acid (2:05).ecvcerarnacacess e eerinerareenrens Aftrace

TOtAl.cerrereeecreonssosssnsosanasnesscanvsoacssansoses 100.000

Pulverized and kneaded with water, it would be plastic

enough to be used for common pottery-ware.

2618.—Analysis of clay, Junction City, Boyle county, Ky.
Geological position: Linietta or Bedford clay at base of
Warverly series. Blue Lick, northwest of Linietta Springs, north-
west of Junction City about one-half mile. A. F. Foerste, 1904.
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Analysis of air-dried sample:

Per cent.
MOIStUTE +vevvrvesrusrassesacseascsnncosssanasssssescassans 1.35
Ignition (combined WAater, €C.)..ueeeereeercnnrenrnseseasns 4.85
SHlICA sviriiireenrncrocrersceassronsornoncncersrsosnsssrans 62.44
AlUIMINA ..vovieeecarerruccossesssssosasssosessnssocssvanas 17.87
Ferric oxXide.....cocvvieiieiinenessosesencnseavesossossansnes 6.31
D 5« - T N 0.18
MABNESI® «vveverervessnascascasssaceccncnsavons ererensraens 1.18 |
POtaSh svveeevrereserrssocsesocarsssasnsascancssssasssnocsns 3.52
FOUA vvveevrroecncarsssossncasessssrsscsaassasssassanansoos 0.77
Titanium dloxide....covvvrevrrreiniiererisoreracsnesrossane 1.04
SUIPRULF rIOXIAC. «uvvnereerneennnneraaaeceoasossssseseeenns 0.19
Total.s.eveeeeoneroareseassacsssonasssssocassnssnses vese 99.70

1878.—Clay. From the head waters of Green river, on the
land of Thomas W. Varnon. Bed two to four feet from the sur-
face, and said to be forty-two to forty-five feet thick; resting
on Black Shale which is fifty feet thick. Salt water is found
by boring at a depth of eighty-four feet, and some little petro-
leum in the sandstone. Collected by Senator Varnon.

Geological position: From the Linietta or Bedford clay
shale, forming the base of the Waverly series.

Clay imperfectly laminated, of a dark olive-gray color.
Burns to a gray-buff color. The considerable proportions of the
iron oxide, lime, potash, and soda prevent this clay from be-
ing refractory in the fire, but, while it is therefore unfit for
the manufacture of firebrick, it will yet answer well for ordin-
ary pottery, terra cotta work and tiles.

Analysis, dried at 212 degrees F.:

. Per cent.
Water and 10SS....iciiiiiiiiieceiriseesosevscennsnnnnance 5.705
£ T 61.580
AJUINA cieeriiitiiitiitieinecstesecacneoeeeosnnssnnans . 23.946
Iron protoxide....uueriiiiiiinreereirerreinnerrnnnnennnns 5.814
Phosphoric acid ...oiivieiiininiiinnenennnnnnn s...Not determined
LimMe sotieteeeenenorenineessrsascoteacacsonnnnansnneee eee 0.201
MABNESIR vueeerreiirieraennsencssssssccssecsoncacannanan .. 0.850
0] 7 1) 1 R 1.542 °
1S 7 - N 0.362

Total....... seesivsesenansasssereenesrssoctseststsnnnes 100.000
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As compared with the Crab Orchard clay, these clays at
the base of the Waverly series contain more silica, about the
same amount of alumina and iron, and a less quantity of lime,
magnesia, and potash. These clays contain too much iron to
be serviceable as stoneware clays. 7They contain, however,
cnough iron and alkalis, and are sufficiently low in lime and
magnesia to make excellent clays for vitrified ware: paving
brick, sewer pipe, and the like.  They will burn to a cherry
red color, and wouid serve also for the manufacture of ordinary
brick. Owing to the larger percentage of silica, the Linietta
or Bedford clays should be more serviceable than the Crab
Orchard clay for the manufacture of Portland cement. The
clay frem the Blue Lick locality, for example, conforms quite
closely to the formula that the sum of the alumina and the iron
oxide shall equal about one-third of the silica, and the require-
ment that the silica shall equal at least 55 per cent., and prefer-
ably should be between 60 and 70 per cent. The difficulty arises
in finding a suitable limestone within a convenient distance
of the Linietta clay deposits.

2. UPPER LAYERS OF THE YWAVERLY SERIES.

No attempt has been made to study the upper layers of the
Warverly series. The following analysis of a sample from a
clay member is presented:

2498.—Plastic clay. From the land of Gordon Glasgow, on
the slope of Bear Mountain, three miles southeast of Berea,
Madison county.

Geological position: Clay in the Waverly series, near the
Conglomerate. This is probably a clay member of the Pen-
nington shale, near the Rockcastle conglomerate. Collected by
Moritz Fischer, July 1, 1884.

A light gray, plastic clay. Calcines to a light reddish color.
This clay could be used for the manufacture of various kinds
of common pottery ware, terra cotta products, and the like.
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Analysis of air-dried sample:

] Per cent.
Water and 10S8....ceiieeieeecccacscacsscsssscasancsanscans 20.014
SIHCR svveevensncsecrnasseancesocacoananannacsssecsassssns 48.000
AlUMING ..vvvinniiirineeroscsconnssoscosossasonascancasons 18.380
Iron peroxide......covveeirrereecrcncnscascensns eesesaveas 3.900
Lime carbomate.....vveevecrcncrsecasransasssscssncaseasss 1.600
Magnesia carbonate......ceiieiiiiiieccaniesnscaccecconeas 4.033
POtASH senevereeesrctetreoscersacsocctccsncacnssasscsnanss 3.7197
SO0G& ceeseeanscescececasssccscasassssrcoansassaacssasnsans 0.276

100.000

THE IRVINE CLAYS.

Probably no class of clays in the central parts of Kentucky
has aroused a wider interest for a langer time than those from
the Irvine formation in various parts of Madison county. From
no area of similar small size have we as many analyses. This
is due to the fact that at an early date a fairly extensive produc-
tion of common stoneware was founded upon the use of this
clay, and that this stoneware industry is still in existence.

Stoneware differs from common earthenware chiefly in the
fact that earthenware is burned merely until it reaches the
stage of incipient vitrification, but remains porous, while in
the case of stoneware the clay is burned to vitrification, so that
the body of the ware becomes impervious to moisture. The
color of the body may be reddish, buff, or bluish black, but this
color frequently is concealed by a coating of salt glaze or slip.
Stoneware is made usually from refractory or semi-refractory
clays, the best results often being obtained by mixing different
clays. One of the clays is used to supply stiffness to the body
in burning, while the other supplies the fluxing qualities and
serves to bind the ware together. The fusible impurities must
be of such a character as to cause the body to attain only a state
of incipient fusion while the slip or glaze at the same tempera-
ture will melt.

When the ratio of alumina to ferric oxide equals 7 to 1, the
resulting stoneware is not colored red by the ferric oxide, but
takes on a yellowish color, which becomes yellowish-white or
nearly white as this ratio approaches 13 to 1. Clays of this

kind could be used also for the manufacture of light or buff
brick,
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Chemical analyses usually show the following range of vari-
ation:

. . Average of
Maximum | Minimum Sanalyses

! 72.10 45.00 64.08

Silica ..eveeenenn. teesesessrarenenetanrernane i
Alumina ......... tetescteseccsancatasensaane | 38.24 19.08 23.86
Ferric oXide..cvveetiiiniiinnrenarrennenceans i 1.50 0.96 1.23
Lime cveeveiinrearnnssscnsneosacsanccaanaanas 1.70 0.00 0.78
Magnesia ...veeeneiiniiiittanecccneanennennes | 0.68 0.11 0.40
T T N | Trace 0.00 Trace
Potash ceveivirverinnenrennneenencesoscnnnnas , 2.42 0.16 1.48
Wt tvverrierienereeeennnneneecnnennnnnannn | 14.80 6.25 1 7.78

Among the earlier analyses of the stoneware clays of Madi-
son county are the following:

946.—Potter’s clay. Four miles northwest of Irvine, on
the Richmond pike. Light buff-gray with stratified lines of
reddish. Appears to be principally fine quartzose sand with
a few minute sparkling specks of mica.

Geological position: Irvine formation. Per cent.
‘Water, expelled at red heat......ccoivviieiininnnnnns veees 4.400
SilICA tevvtenrneeiessstncertennssssnnsecteennananeaasenns 71.780
AIUMINA . iiiiinnieetraeeeererooncestncessessssnccoananens 17.580
Iron oOXide...cvsriiiiireeeeiinieeensvenesssessacennossnnas 2.420
B 5+ 1= None
B 6 F=9 4 11 - TN .. 0.547
Potash ..vveiiininieiiiiiiaeiiaransocesnsenroannnenn N 2.271
£ T N 0.322
Sulphuric acid....cciiiiiiereereneeeierrrensnnenceens eees 0.112
LOSS touenircntinonsstcnnsasscnncenccsoscossncscnsssnascnnse 0.568

1122.—DPotter’s clay, near YWaco.
Geological position: Irvine formation.

Analysis: Per cent.
‘Water, expelled at red heat.....ccoviiieeneecerenncesns ... 6.140
Silica ........ eeaceateasstettasanseecctaataseerocnaetnnen 62.680
ANIMING +vurieenenetctatonencsssecnacasocnsanasssssnncen . 21.980
Iron OXi@e..ceuieinniriieiecieanieneeaacocacancsnsooannaa 4.780
Brown oxide Of MAaNgaNese....ccvcvrirsssctsccnrsasscesans Trace
Phosphoric acid.....iieiiieeeeraceroannerenccnsonsccenns Not Est.
Sulphuric aci@.....cccivneieiiencinieencannnnsransncesaans 0.234
LI v ueureeeeneneasseceeuesracsonnssenssssesnacncsnsnsanos Trace
MAagnesi® oseeevrcnvonsacansancssasasoscsossnssoes v reesreas . 1.276
POtaSH seeiveeescensosansncsonsscansscsssoasasasssassnne .. 2.607

0.600

S0 cevrerrerestrnrrtcannaccccncenoscnanenons erescaresans
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In sample No. 946, the ratio of alumina to ferric oxide is
about 7 to 1, and the clay should burn to a buff color. The per-
centage of silica is rather high, and the clay should prove more
refractory than sample No. 1122, In the latter case the ratio
of the alumina to ferric oxide is about 5 to 1, and the color of
the burned clay should be darker.

Two additional analyses of the potter’s clay at Waco were
published in 1877,

1876a.—Potter’s clay, quality No. 1. Light gray, soft clay.

1876b.—Potter’s clay, quality No. 2. Of a bluish-gray color.

Both clays from the neighborhood of Waco. These are good
clays for ordinary stoneware.

Analyses, dried at 212 degrees F.:

18762 18165

Combined water and 1085.....cevveiiennnnneneneennnns 7.020 10.531
S L 59.976 56.960
Alumina, iron and manganese oxide, mnd phosphoric

1T 27.640 28.740
Lime Carbonate .......ccovvvvueneennnenn. e ereeeaaee 0.280 0.200
Magnesia ...ocoiiiiiiiiiiiiiiii i i i i 0.606 0.'752
D (012 - | 3.931 2.502
LS - A 0.547 0.315

1 O N 100.C00 100.000

These samples do not differ greatly from No. 1122, although
the percentage of silica is less. Possibly the inferior quality
of the sample said to be of quality No. 2 was due to its vitrify-
ing at a lower temperature, due to a smaller percentage of silica
and a larger percentage of iron.

In 1879 two additional analyses were published, presumably
from clay used for the manufacture of stoneware. Bybeetown
is now known as Portland, and is still the seat of stoneware
manufacture. The Oldham locality is believed to have been on
the Bybeetown side of Waco.

2168 —Clay. From near Bybeetown or Portwood. Milton
Barlow. Bed four feet thick, overlying Black Shale.
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Geological position: Probably from the Irvine formation.
Collected by Johin R. Procter.

Clay of a light, warm drab-gray color. Irregularly and im-
perfectly laminated. Quite plastic. Burns to a delicate light
reddish-cream color, nearly white.

2169.—Clay of workable thickness; on the road leading from
Waco to R. Oldham; about a. mile and a half from Waco.

Geological position: Collected by John R. Procter, and
stated by him to occur probably Dbelow the Corniferous
limestone. The exact locality not being known, this statement
can not be verified, but, in this area, plastic clays with a very
small percentage of lime are not known in Silurian formations.

A compact clay, generally of a light, olive-gray color, stained
irregularly with ochreous and ferruginous. Quite plastic. Cal-
cines quite hard, to a handsome light brick color.

Analysis, sample dried at 212 degrees F.:

No. 2168 No. 2169

Water 8Nd 10SS.escesceseeecctssessoseceesocannanssnns 6.973 5.166
3 D 62.560 64.566
8 B 1 - 24,780 20.160
Iron peroxide......cciiiierriiie coninenrnrensanennnns 1.800 4,200
3 .« T P A trace 0.213
MagnesIa ..viiriiiiiteneiateeeennnenceesensennonsonas 0.317 0.641
Potash .......... e et ettt e e et e et e 3.276 5.054
10T - T 0.294 Not Est.
B o - 100.000 100.000

Regarding these clays, Dr. Robert Peter, then chemist of the
Survey, made the following remarks:

“These are good plastic clays for the manufacture of ordinary
pottery ware, as well as for ornamental articles of terra cotta,
for which they are adapted because of the pleasing tints which
they assume on calcination. They owe these tints to their con-
siderable proportion of iron oxide, which, together with their
large proportion of potash, renders them unavailable as fire-
clays. This very circumstance, however, may fit them for stone-



164 GEOLOGICAL SURVEY OF KENTUCKY.

ware and for superior kinds of hard burnt, semi-fused, orna-
mental pottery in the hands of skillful workmen and artists.”

The ratio cf alumina to ferric oxide in sample No. 2168
is about 13 to 1, and the clay should burn to a nearly white color.
In sample No. 2169, this ratio is about 5 to 1, and the clay should
burn to a distinctly brick-red color. The percentage of potash
is large, and the clay should flux at a distinctly lower tempera-
ture than any so far mentioned. This should cause it to be re-
garded as an inferior clay. :

In 1884, the following analyses were publis'hed, showing that
the interest in stoneware clay still focused around Bybeetown
and Waco, in Madison county.

2496.—Clay. From the land of James Walker Lewis, two
miles southeast of Bobtown, about one hundred yards to the
left of the Big Hill pike, almost opposite the blacksmith shop.

Geological position: Bed four to five feet thick, resting om
Silurian clay shale. Sample of the upper tem inches. Collected
by Moritz Fischer, June 21, 1884. The Silurian clay shale at
this locality is the Lulbegrud clay division of the Crab Orchard
bed. The overlying clay, of which the analysis is given, prob-
ably belongs to the Irvine formation. Locality: R-S-22.

A laminated clay or soft shale, of a light gray color on the

exterior; darker colored and brownish-yellowish-gray in the in-
terior,

2497.—Clay. From the same locality as the preceding. Sam-
ple from ten to twenty inches below the surface. Collected by
Moritz TFischer.

Geological position: Apparently from the Irvine forma-
tion, but the large percentage of lime is more suggestive of
Silurian clays.

1Darker colored than the preceding; of a light olive-green
color.

No doubt common pottery ware and terra cotta could be
made of this clay, ground and properly tempered with water.
It contains too much potash, lime and iron oxide for a fireclay.
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Analyses of air-dried samples:

No. 2496 I No. 2497

‘Water, carbonic acid, and 108S.......covievirnnnnnnnn. i 8.091 15.548
Silica .c.eveeenn... secevecrsesatesrarstansesnnns erees 69.000 42.560
Alumina and iron OXide.....eeveereeneerennns vnnenn 24.640 20.980
LIe .otiiiiiitieiieeneereronennsonnncecnncoannnanans 1.456 8.680
MAaBNESI® voveurrereecnereennarconennsonaneceannn eees 1.096 7.247
B T S 5:500 4.819
T 0.217 0.166
Titanie @cid......ociviriieriiieiniieiiennnninneennes] conenns Trace
Total o.neiiiiiiiieiisetoarennnnronnenanncansacans 100.000 100.000

Sample No. 2496 contains 20.68 per cent. of alumina and
3.96 per cent. of iron peroxide.

As compared with other clays from the Irvine formation,
the percentage of lime in sample No. 2496 is rather high, and
the same may be said.of the percentage of magnesia and potash.
In this respect the clay approaches some of the Crab Orchard
clays. The ratio of alumina to ferric oxide is about 5 to 1, and
the clay should burn to a light brick-red color. It should fuse
at a much lower temperature than the potter’s clays hitherto
mentioned, with the exception perhaps of sample No. 2169.
Sample No. 2497 is utterly at variance with any other clay
known in this part of Kentucky. It has a low percentage of
silica and a high percentage of lime and magnesia compared with
the clays so far investigated. It should not prove sufficiently
‘refractory to make a good stoneware clay. The age of these
clays is not definitely known.

Several analyses have been made for the present Survey.
The following analysis is taken from a sample of the clay used
by the firm of D. Zittel & Son, manufacturers of common stone-
ware, about half a mile east of Waco. The clay is obtained
from the McKinney farm, southeast of Waco.

2615.—Clay. Waco, Ky., on G. S. McKinney’s land, Mad-
ison county, K. ) '

Geological position: Irvine bed. Thickness, 8.5 to 5 feet.
A. T. Foerste, 1904. From Waco, one-fourth mile S., one-fourth
mile E.; pit on south side of road. o
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Analysis of air-dried sample:

Per cent.

Moisture ...... P 2.27
Ignition (combined water, etc.)....cvveiviiiiiiiiiiiaa.. 5.85
SIHHCA veoveecrensssacoosaasocennsscsassscasasccnonsassancnns 63.76
AlUMING seeseoneecesorossonnsenscrcorssrssossescsssansasaans 19.36
Ferric OXIdeeeeeeeirieineneneerrecuasosecnaroncensscasans . Z.59
b 511 V- J R et eetresteacerecantesans 0.40
Magnesia .......... it eeeecenreenereteteaeta b annaaanaaann 0.82
Potash ....... 7 e eeneerete et eatosaneseansatresanareona . 2.86
SOGA voveereerennnrasascsssocaanasosscnsassncesncascnacnas . 0.47
Titanium dioXide....voeeeerererececcnnnnnn Ve eeeeeaeeerenaen 1.25
Sulphuric anhydride.....cceeiierrieeesernsrensscnsecnsacaans Trace
Total..... terecnans ebeeesceasesacnensannas teesecasrennas 99.63

In this case the ratio of the alumina to the ferric oxide is
about 7.5 to 1, and the clay burns to a light buff color. Tt is
used at present for jugs, jars, churns, and the like, but appar-
ently might be made useful also for architectural terra cotta,
chemical stoneware, clay pipes, and the like, although not very
refractory clay. In this respect it is surpassed by the white
clay from the Adams farm, next to be described. This clay con-
tains more alumina and less ferric oxide, lime and magnesia.
The percentage of alumina to ferric oxide is about 19 to 1, and
the clay burns to a very light color. Omn this account it should
be valuable for architectural terra cotta and for light-colored
pressed bricks, especially for those which are artificially colored
or speckled by the use of manganese or other metallic oxides.

2635.—White clay on the Adams farm, near Waco, Madison
county. Color nearly white, banded in places with brown.
Found at the same locality as No. 2636.

Geological position: Irvine bed. Collected by A. F. Foerste
in 1904. :

Analysis of air-dried sample:

Per cent.
Moisture ......... teetseseteneen tesvrevasssssssosrnasssssss 1,60
Ignition (combined water and volatile matter)............. 6.74
£33 . 61.00
AlUMINA o iiiiiiiiiiiiierieirnneerennnerasececasancnnnnnnn 23.68
D= 0 (e 5.4 T 1.21
Lime ..... Nesensensernserasnreecanas . 0.20

Magnesia vivirieeivreereiecencnanas teetssesatanesennann eeess 0.68
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B o] - Y- 3.09
SOMA .uvvveerretnesrsascruesassstssstvascsnrsacaosacasconaes 0.43
Titanium dioXide..eevreraerieretosceeraesssesescaoccnonsees 1.39
Sulphur trioXide cccveeerneeeeinernneccesnseccsscncancnsnses Trace

Totaleeesensen sesiesaseasesas Cetterseretenseennrssnnnnn 100.02

At present the Adams farm clay is used at the tiling fac-
tory, at Searcy station, in the manufacture of roofing tiles. It
is mixed with the clay which comes from the immediate vicinity
of the factory, and probably ‘serves to bind the latter together.
The following analysis indicates the nature of the resulting
mixture, consisting chiefly of clay obtained from the pit at the
factory.

2634.—Tiling factory clay. Obtained north of the factory
at Searcy station, about a mile southeast of Moberly. The sam-
ple consisted of broken unburned roofing tiles. It was buff-
colored and uniform in appearance.

Geological position: Irvine bed. Directly above the De-
vonian black shale. Collected by A. F. I'oerste, in 1904.

Analysis of air-dried sample.

Per cent.

MOIStUT® +vvevereenrereoensscsncaconnncossss teteesrcesccanas 1.76
Ignition (combined water and volatile matter)............. 4.26
SIHCA seveveecracossssosnnscasseossssanssaraasssssscossnsons 73.78
AlUMINA ticiiiiiiirereeoneaanseasosnsvacersnvesaasansnsns 13.23
Ferric oxXide..iveriiiilieiiiiiieninecreracnanesscasscsnannes 1.24
Lime ..... s beeseaenasettsaseaaattaatt ettt tarrsncon0nns 0.54
MagnesSi8 .ceeceaccctercrencsassnsssntsosscsncnssanssassans 0.82
b 02 1 + A 2.27
S0 tiviectennenteranccttretaatsosettssarestrsranresacanen 0.50
Titanjium dioxide ...cvuieiiniiiiiireiriiitoseesncssssncanes 1.25
Sulphur trioxXide covveeeriiicnerieensnceiotasesanccssnnnsans Trace
TOtBIS. s eeesseaceeacscacnoanseccansessosssnnssssosananns 99.64

This clay mixture contains more silica and less alumina
than any so far described. It is not used for stoneware, but
only for roof tiling, drainage tiling, and brick. The roofing
tiles are burned to a light red color, but those so far put out
appear underburned.

The following analysis shows the nature of the clay used at
the Searcy roofing-tile factory as fireclay.
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2636.—F'ire-clay used by Searcy at the roof-tiling works.
Obtained from the Adams farm, near Waco, Madison county.
Samples mostly in the state of coarse powder, with some friable
lumps. Buff-colored, with some brown specks in the lumps.
IFound by going three-quarters of a mile north from Waco, then
an eighth of a mile east, and finally, across a field, an eighth of
a mile south, past a cabin.

Geological position: Irvine bed. Collected by A. F. Foerste,
1904.

Analysis, sample air-dried:

Per cent.

MOISEUTE .eevvreiniererannncnenecsescnncascnsnsascssosncae 1.52
Ignition (combined water and volatile matter).............. 3.56
£ (T eeesaes 81.54
AlUMINA o.vvvieeeecerocreanescscasssossosnsssssessanssanan 9.36
Ferric oxide...cevierevieiisreieisisorinciveosessonsanancons 1.17
LIME veviireerieaoseaessosnoctonasosncsrsesoannsosncnannnnas 0.10
Magnesia coverererenninnecioreesecacssorsosronaosacanananns 0.39
Potash seveevsrirrcesieninscasctrsescrsrrecrssssscnscsasons 0.56
S0d8 seerrrnrerriaosreretiacrattctartetttatssesastisenronns 0.29
Titanium dioxide ..covverieiiieiiiirierenvensossnsscssnoaes 1.25
Sulphur trioxXide cooveviiiiiieiieirieiertseecererserearennonn None
1 ) 99.74

The relatively small percentage of alumina should be noted.
The point of incipient fusion of this clay has not been de-
termined. ’

The following clay was analyzed for Mr. Searcy. It does
pot differ conspicuously from the stoneware clays previously
cited. It probably belongs to the upper part of the Irvine for-
mation, as far as may be determined from the analysis. No
careful study was made of its position in the geological scale.

2616.—Alluvial clay. Waco, Madison county, Ky.
Geological position: Alluvial clay. 134 or 1.12 miles east,

then 74 mile south of Waco, on Grinstead farm. Black clay.
A. F. Foerste, 1904,
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Analysis of dir-dried sample:

Per cent.

MOISEUIE toivivnenneniniiniienreeaannnsnnns seressearanns 1.72
Ignition (combined water, etc.)....veueernen.. erresrreanas . 6.38
S 1§ - 65.82
AlUMINA c.ntitiiiiiiettrneetreenieeessennseeosaseanncnsens 18.01
B2X=3 o w (oD 4 ¢ - TN 2.48
0 1 TN 0.22
BUIE:F 4,133 O 0.77
0T 4 E-) o eeesrennas 2.91
T - N . 0.46
Titanium QIoXide ...veiieneeiriereneroeensssronenscaneenas 1.26
Sulphur trioXide...veeeveenneereneeeenencereenersesnsernns . Trace
B D 100.02
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The next analysis gives the composition of the ordinary brick

2617.—Clay. Moberly, Ky., Madison county.

and tiling clay used by the Moberly Brick Company, and se-
cured from the immediate vicinity of the plant, west of Moberly
It contains a much larger percentage of ferric oxide
than any clay here discussed, and evidently would not be useful
for any other purpose that that for which it now is employed.
It is chiefly an alluvial deposit.

Geological position: Irvine formation. Used for brick aad

tile at tbe Moberly Brick Co. plant at Moberly.

Analysis, air-dried:

Per cent.
Moisture .iececeessces. tesesaeiensaatt ittt otnrecanonenanas 1.98
Ignition (combined water, etC.)....covvrrrnrerrrvenconnnss - 4.20
1S 51 T 74.36
AIIMINA oottt ittt ittt tesiansennennnnes 7.79
FerTic OXIA@. conieiiiiineaeeaineenenaererennnnnneennansnes 6.78
5 5 41 N 0.14
MABNESIA tvevvenrrnecnssnsosnasoncassssnnssennsosnssasssens 0.53
o] - -] 1 1.69
1o - 0.49
Titanium dioxide ...oviiiiiiiiiiniiiiiineirececeraennnnn oo 1.25

Sulphates and phosphates.....ccccuiiirieiieneninreencannen Traces

£y
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The Clay Industries of Madison County.

Only two stoneware potteries at present are in operation, one
at Waco, and the other at Bybeetown or Portland.

The pottery balf a mile east of Waco is known as the D.
Zittel & Son pottery. They use the clay from the George Mec-
Kinney farm, southeast of Waco. The clay bed varies in thick-
ness from four to seven feet. In some parts of the pit the clay
rests upon sand. In these cases it is considered better and will
stand a little more fire. In other parts of the pit the clay rests
upon the Black Shale, and then is believed to be less refractory.
No reason for this difference can be noticed on examining the
clay in the pit..

Albany slip clay mixed with red lead and manganese is used
as a glaze. The materials are obtained from the IBauer Pot-
tery Company, Louisville, Ky.

The articles made are as follows:

Jugs, in 1-quart, and 14, 1, 2, 3, 4, and 5-gallon sizes.

Jars, in 1-quart, and 14, 1, 2, 8, 4, 5, 6, 8, and 10-gallon sizes.

Fruit jugs, put up with lid so that they can be sealed.- Used
chiefly for keeping sorghum.” Put up in 2, 3, 4, and 5-gallon
Bizes.

Fruit jars, with lid, in 1-quart and in 14 and 1-gallon sizes.
Used chiefly for fruit jams.

Pitchers, in 1-quart, and 14, 1, and 2-gallon sizes.

Churns, in 2, 3, 4, 5, and 6-gallon sizes. Supplied with lid.

Milk pans, in 15, 1, and 2-gallon sizes.

Chambers, in 15 and 1-gallon sizes.

Flower pots, in 2, 3, 4, 5, 6, 7, 8, 10, 12, and 14-inch sizes.

[

The following analysis indicates the chemical composition
of the Albany slip clay.

Per cent.
Free silica and sand......ccveveeeeeennnerenioneerennnnnnes 38.58
Combined SIHCA..ieviieiererieerrerererensensecennnsennnns 17.02
ANMINA tuiniiritiiinenerneennereseeeeseseeeassacancesnans 14.80
Ferric oxIde. coiuiuriinirii ittt it ittt e, 5.85
Manganic oxide.....iiiiiiiiiereeiienenanreiinninnnnnnns 0.14

LIMe tivteiierunennnienienrtsreoneesssesssarsasascansasanns 5.70
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MagnesSia +.o.vvresnrecaronctasccascsscanssesssoscssssansnons 2.48
POtash suceuevreessneiecseaaosnneossscsncssssencsssrnncaces 3.23
SOA8 teveerercneaasnacaassesseasoasacsassssosnasaasnsonnnns 1.07
Phosphoric aci.ee.cieeeeecvieressronssorsncasasssarsscnnns 0.15
WEALEI cvveececssornssacseasassssoscasssnssasscsssncsncsnas 5.18
Moisture and carbonic acideeeceeeerrreieniennriiieencarsrnns 4.94

0 ) 99.14

This clay not only fuses at a low temperature, but also pro-
duces a glaze of uniform color, and one which does not crack.
Its fusibility may be lowered by the admixture of various metal
compounds, as indicated in the following recipe.

Albany slip elay...covvciecrieciecnccnnnsnanss 63.30 to 70 parts.
White lead ....vevivniiirnnnenosennennannns 25.30 to 17 parts.
FliBt ..eieviiienriinrancnroncenss reresanes 6.30 to 7 -parts.
Oxide Of IrOM..ccvveveerrnecncaccasncsassane 12 td .79 parts.
Oxide and MANZaANesSe.....coveeurcsescsnnns .56 to .61 parts.
Chromate of lead.......ccivvvvnnnvcncnnnes 1.27 to 1.40 parts.
Chromate of iron......cccoveieiiencnenneenas .67 to .73 parts.
Oxide Of ZIBCieeveaneieinrnnasecrnncscansnes 1.88 to 2.07 parts.

At Bybeetown or Portland is located the pottery of J. L.
Cornelison & Son. The clay is obtained on the road from Waco
to Coblr I'erry, about a mile and a half east of the junction of
this road with the road from Waco to Bybeetown. The pit is
located morthwest of the road corners, at which the road across
Falling Brook joins the road from Waco to Cobb Ferry. The
thickness of the clay bed in the clay pit averages about five feet.
The clay overlies the Black Shale. The clay is brought to the
shep and put in a ring pit. This ring pit usually consists of
a circular tub, between twenty-five and thirty feet in diameter,

hree feet deep, and lined with boards. In this revolves an iron

wheel about six feet in diameter, and so geared that it travels
from the center of the tub to its sides and then back again to-
ward the center. This breaks up the clay thoroughly and tem-
pers the clay in about six hours. This tempering is called “pug-
ging.® The power used at the Bybeetown pottery is a single
horse. The clay is taken from the pug tub to the cellar and
there kept moist for further use.

The objects manufactured are chiefly jars, jugs and churns,
in the following sizes: '
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Jars, 1 quart, 1, 1,2, 3, 4, 5, 6, 8, 11 gallons.

Jugs, 1 quart, 14, 1, 2, 3, 4, 5, 6, 8, 10 gallons.

Churns, 2, 3, 4, 5, 6, 8 gallons.

The glaze used is a slip clay mixed with red lead and man-
ganese. This is all stirred together, the slip clay being strained
before mixing. The pottery is dipped into the mixture and
dried before going to the kiln. The kiln used is a down-draft
kiln, and coal is used as a fuel. The kiln is heated up slowly
for about twenty-four hours and then raised to a white heat for
twenty-four hours. A peep hole is left to enable the operator to
examine the interior of the kiln, and the state of firing is de-
termined chiefly by the color of the ware, although test pieces
also are used. Whenever the glaze is good on these test pieces,
the burning is considered sufficient. Then the kiln is allowed
to cool for ﬁfty hours. No Seger cones are used.

In addition to pottery, 4, 6, and 8-inch tiling also is manu-
factured.

At Searcy station, about a mile southeast of Moberly, the
Lexington Tile Roof Company is situated. Here the Waco
shingle tile is manufactured.

The chief clay used for this purpose is obtained directly
norih of the factory. At the pit about half a foot of soil is
stripped off at the top, and the underlying clay layer, five feet
thick, is taken out. This clay rests on the Black Shale. For the
manufacture of drain tile, brick, and shingles, the clay is dug,
removed to the soak pit, and left over night. The next day the
clay is shoveled into the disintegrator, where any stones present
in the clay are crushed until the fragments are reduced to a
diameter of one sixteenth of an inch or less. From. the disin-
tegrator the clay is carried along a belt to the tile mill. Here
the clay is pushed out of the tile mill, through the dies, where
the proper thickness and width is given to the stream of clay
which issues forth. From the tile mill the issuing stream of
clay is carried forward by the machine to the cut-off table,
where the clay, which already has the proper width and thick-
ness, is cut off into the desired lengths. From the cut-off table
the blanks or plates of clay, the future shingles, are carried
forward and picked off by boys who haul them to the shingle
press.

Up to this point the manufacture of shingle tiles does not
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differ in any respect from the manufacture of bricks and drain
tiling as carried on at the same factory, except that in each
case a different die is used in order to give a different form to
the stream of clay issuing from: the die, and in each case the
wires on the cut-off table are set at different points, so that
the length appropriate to the particular object to be manufac-
tured will be cut off. IFFor the manufacture of shingle tiles the
clay is heaped up usually about two days, moistened and covered
with oil cloth, before it is run through the disintegrator, in
order to become evenly moist.

From the cut-off table the clay plates are taken to the press,
where they are pressed into shingles. In this machine the up-
per die is stationary, and there are three lower dies, all of
which are movable, only one die being used at a time. One
of the clay plates is inserted into the machine and pressed. The
lower die with the pressed shingle on it is then lifted up. A
pallet or small board slightly larger than the shingle is placed
on the shingle. Then die, shingle and pallet together are turned
over and the die lifted off, the pressed shingle remaining on the
pallet. In the meantime another clay plate has been inserted
in the machine and pressed into the shape of a shingle, and is
ready to be taken out and placed on a pallet. The shingles,
still resting on the pallet, are carried off to the drying shed.
The capacity of such a press is 4,000 shingles in one day of ten
hours, ten men being employed in various ways.

The shingles are allowed to dry on the pallets for periods
varying from ‘two to five days, depending upon the weather.
They are then skinned or trimmed. Trimming consists in rub-
bing off the rough edges of the clay shingles with the back of
a coarse knife. Then the shingles are stacked up and taken:
to the kiln. Here they are set up on edge, eight shingles in
each set, with firebricks between the sets. These firebricks are
a little higher than the shingles, and so take the weight of the
upper tiers of shingles from the tiers stacked up below. The
fireclay used is secured on the Adams farm, as is also some of
the clay which enters into the clay mixture used for the man-
ufacture of the shingles.

The kiln used is a down-draft kiln. The shingles are heated
for twenty-four hours, the fresh -steam or water-smoke being
let out at the top. No great heat is used during this time, the
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vbject being merely to drive off the water still present in the
shingles. Then the heat is raised gradually for forty-eight hours
until the shingles become white hot. Then the ovens are closed
down, firing ceases, the fire-doors are cemented shut with clay,
and for three days the kiln is allowed to cool slowly. It takes
a day and a half to empty the kiln, and another day and a half
to fill the same again.

Three men can fill the soak pit so as to supply enough clay
for fifty squares per day. A square is equivalent to 100 square
feet of roof surface, which, in the present instance, requires
the use of 260 shingles. Iifty squares therefore would in this
case be equivalent to 50x260—13,000 shingles. Two men are
needed at the disintegrator. One man is needed at the mill and
to take care of the cut-off table. Two men serve as off-barrowers,*
who wheel off the clay plates or blanks, to which reference has
been made in the preceding lines. One man works the lever
at the press, one feeds the press, one dumps the pressed shingle
on to the pallet, and one man—the off-barrower—hauls the
shingles to the drying room. At the drying room one man is
kept busy as a skinner or trimmer. Two off-barrowers are
needed to fill the kiln, and one man sets up or stacks the shingles
in the kiln. Two men are kept constantly employed in firing
the kiln, one serving as the day man, the other as the night man.
The men firing the kiln are paid $1.50 per day, and all others
are paid $1.00 per day. The man firing the kiln for this wage
is given the higher sum of money because he is regarded as an
expert. Similar wages are given for similar werk at the pot-
teries already mentioned. '

The weight of a square of shingles, or of 260 shingles, is
about 650 pounds. The exposed surface of the shingles is 9.5
by 6 inches. In the process of burning the clay shrinks five-
eighths inch to the foot, and allowance must be made for this
in constructing the die. No Seger cones are used in firing the
kiln, the temperature being determined approximately by look-
ing at the color of the brick through peep-holes left for this
purpose on each side of the door in the front walls of the kiln.
Shingles have been made at this factory for about two years.
One of the churches at Irvine, in Estill county, is covered with
this roofing tile. The shingles seem to be defective, owing to

_.‘EélngnQy a local substitute for the more generally used term, *“off-hear-
ers.,”—C. J. N.
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under-burning, and for this reason the use of Seger cones is
recommended. They also*have a tendency to open up irregular
cracks on burning, and hence tests as to the proper mixtures
to be employed should be made, but there is no reason why
cventually, with greater experience, the manufacture of roofing
tiles should not prove a success.

IFFor purposes of comparison with clays from other locali-
ties, the following analyses are given. The clay from Vigo
county, Indiana, was used formerly for roofing tile, but cracked
in burning. The clay from Prospect Hill, in St. Louis county,
Missouri, is used both for brick and for roofing tile. The clay
(Chemung shale) from Alfred Center, in Allegheny county,
New York, produces an exceptionally good quality of roofing
shingle,

Indiana, Missouri, New York,
Vigo County | Prospect Hill | Alfred Center

SIlica ciiiiiriirtiiitettiiiatettcananns 73.20 60.70 53.20
Alumina .....ccciiiiiiiiiiiirecncocans 13.38 18.22 23.25
Ferric oxide...oovieiiiiiiiiinenienanss 2.19 7.58 10.90
LimMe c.vuveeieescnnanoecnanssonssncanss 0.97 2.68 1.01
Magnesia t..iiieieiiiiiiiiiiieieiiaian 1.01 Trace 0.62
Soda and potash........iiiiiiiiinaaennd]  ceeennn 3.67 2.70

Since roofing tiles or shingles are to be used in order to shed
water, their degree of porosity or permeability to water is of
the highest importance. The value of roofing shingles may be
tested as follows: Heat the shingle to be tested to a tempera-
ture of 212 degrees I!., then place on it a tin tube, whose diam-
eter is five inches and whose height is eight inches. This should
be fastened to the tile by means of wax applied to the outside of
the tube. Fill the tube with water up to a level of four inches
above the tile and keep the water at this level by adding a few
teaspoonfuls at a time until drops begin to appear on the under
side of the tile or shingle. If these drops make their appear-
ance in less than six hours, the roofing tile should be rejected.
Tile burned to a higher degree of vitrification is, of course, more
impervious to water.

In addition to the roofing tile or shingle, the Lexington Tile
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Roof Company manufactures also paving brick, 834 inches wide
and long, and therefore having a hypothenuse, or diameter from
corner to corner, of one foot. The thickness cf these bricks is
two inches. They are intended for paths in gardens, sidewalks
in villages, and the like. They are placed with their greater
diameters parallel to the length of the walk, and the gaps thus
left at the side of the walk are filled in with half bricks which
have a triangular shape, fit in snugly, and are supplied in prop-
er quantities with every order.

In addition to the paving brick, drainage tiling and common
brick are manufactured. Several tests of different clays from
the Waco area, made by the Boyd Company, of Chicago, at the
request of the Lexington Tile Rocef Company, have demon-
strated that a fine grade of pressed bricks can be manufactured
from the different clays. These vary in color from a very light
vellow to a distinct red. By a mixture of clays they secured
a mottled brick, giving a very pleasing effect. It is evident
that the possibilities of these clays have by no means been ex-
hausted. Yhen the dams now under construction along the
Kentucky river are completed, the question of cheap transpor-
tation from the eastern part of the Waco area should be con-
sidered solved. .

Directly west of Moberly station is the plant of the Moberly
Tiling Manufacturing Company. This is cwned chiefly by Wil-
liam Tate. The clay is obtained at the factory. The layer is
three feet thick and occurs immediately over black shale. Three
or four inches of soil are stripped off at the top. They use the
Little Warder press, made at Frankfort, Ind., by the Wallace
Manufacturing Company. This turns out 5,000 tiles or 2,000
bricks per day. The cut-off table used is the Euring Automatic
Clay Cutter, manufactured by the I. D. Fate Company, at Ply-
mouth, O. The tile truck wagon was made by the Arnold Crea-
ger Company, at New London, O. The power for the press and
utter is supplied by a 30 horse-power engine. It requires more
power to make the smaller sizes of tiling, four to six inches in
diameter, than those of larges size. Labor is paid at the rate
¢f $1.00 per day or ten cents per hour. ‘
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THE BEREA COLLEGE BRICK COMPANY.

The brick yard run by Berea Cellege for its own use and for
the employment of some of the college students, is situated about
a mile north of town. The clay is obtained from a pit situated
northeast of the brick-yard. About three inches of soil are re-
moved, and the underlying clay has a thickness of about three
and a half or four feet. It overlies Black Shale. A narrow
track with cars is used to haul the clay from the pit to the
plant, and then, by means of a cable run by steam, up an incline
to the second floor of the building where the bricks are made.
At the top of the incline the clay is dumped from the car on
to a platform, and then shoveled into the disintegrator. This
consists of two large steel rolls, between which the clay passes.
Any pebbles present in the clay are ground to small fragments.
Water is added to the clay as it reaches these rolls in the disin-
tegrator. I'rom the disintegrator the clay drops into the pug
mill. Here revolving blades mix the clay, and if necessary more
water is added. In addition to mixing the clay, the blades push
the clay forward into the brick mill. This is the Grand Auto-
matic Brick Maker, manufactured by Jonathan Creager’s Sons
Company, at Cincinnati, O.

The blades in the brick mill push the clay down into the
arms of the brick mill, and these arms push the clay sidewise
under the press. Here the press pushes the clay into the mold.
Nine molds are used when the machine is in operation. Six
bricks are made at a time in each mold. In front of the ma-
chine one man receives the mold and bumps it to the right and
left so as to loosen the clay brick in the mold. Another man
picks up the mold and places it on the turn-table, which is a
sort of revolving wheel. The open side of the mold is placed
against a pallet board and the mold is dumped, leaving the
bricks on the pallet board. Then the mold is put in the sander.
The sander in use is made by the Wellington Machine Company,
at Wellington, O. In the sander the mold is pushed through
the sand, and on the other side another man picks up the mold
and places it once more in the machine. In the meantime the
other molds have been in use. The sand is shipped here from
Cincinnati.
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Nine pallet boards, with six bricks on each, are loaded on a
truck and then are wheeled to the racks. Here they are taken
cff by a man and are put on the racks to dry. Between six to
pine days are necessary for this purpose. The racks at the
pallet yard have a capacity of 120,000 bricks. I'rom the pallet
vard the bricks are taken to the kiln. Three kilns are in use,
one updraft Morrison clamp kiln, and two common updraft
kilns. The capacity of these kilns is 225,000, 200,000, and 200,-
000 bricks. The bricks are first fired for about four or five
days to drive off the steam, usually called “water smoke.” After
this has been driven off, the escape of the heat is cut off, the
fires are increased, and in three or four days the bricks come
to a red heat, then to a white heat in three and a half or foun
days addifional. After this, all access of air is cut off, and it
requires eight days for the kiln to cool.

The capacity of the yard when worked to its fullest extent
is 2,000,000 bricks a year. It has been in operation about four
years. The machinery for tile-making has been secured. Prof.
8. C. Mason, at Berea, the Professor of Agriculture and Geology,
is especially interested in this plant. Aside from its usefulness
to the college, it is of great service to the students, who here
get a practical knowledge of brick-making, which, with modi-
fications, they can directly apply in the mcuntain districts
from which so many come, doing by hand, of course, many of
the things which here are done by machinery,
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PART III.

MISCELLANEOUS ANALYSES OF KENTUCKY
CLAYS AND MARLS.

Taken from the Several Volumes of Published Reports of the
Kentucky Geological Survey, and Arranged
According to Counties.

Compiled by JAS. H. GARDNER.
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MISCELLANEOUS ANALYSES.

Proressor C. J. NORWOOD,
Director, Kentucky Geological Survey.

Sik: I beg to submit herewith a compilation of analyses
made of samples of clay and marl gathered from various coun-
ties of the State, most of which have been published in the differ-
ent volumes issued by the State Geological Survey.

Very respectfully,
Jas. H. GARDNER.

BABRREN COUNTY.

No. 1665.—Marly deposit in Procter’s Cave. In the Cavern-
ous Subcarbeniferous limestone, the St. Louis. Said to be good
for polishing metals. :

Following is the analysis of this material:

Ignition and moisture ..........oiiiiiiriiiiiienriennannann 5.09
£330 8.86
ANMINA oot i i et e e 5.80
Ferric 0Xide ..veireirrueeninerneninreniunnnnnoneennens In alumina
Lime carbonate ...ouveveeerriinetereienrereeeninneenceenaens 66.16
Magnesium CarbOnate. . iiniirreneerrenansernnescnnoneannn 14.08
] - T n. e
008 tetiiiaiiiiiit i ittt e n e e et aennanenn n. e,

100.99

BooxE COUNTY.

No. 1697—Clay, from three miles west of Burlington. Sent
by W. W, Walton.

Presents thin stratified layers of various tints of light brown-
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ish-grey and light dove color. Burns hard, and of a handsome
light brick color. Melts at a high temperature, hence is not
a good fire-clay.

FFollowing is the analysis of sample dried at 212 degrees F.:

Ignition and MOIStUTe. . ccvvueiieienrrnrreotnonncssancnsas 8.78
SIHCA +iveveernrsrscsestresesssssscscssansassasssassssannas 48.36

Alumina (with iron and manganese oxides and phosphoric
2T U ) 33.06
Lime cvveveoiarescncesstescassssessasesnsnsnoans ceesessenens 3.05
MagnesiQ ..cciveiviiinariersaiarsnccsnsscrssnssansesconns . 0.36
Potash ..civviicennnicrccsosacesssssssnssscassssccnsosssnnns 4.66
S008 ceiviierrtersrcatentectarrstacssarssssassrnans reresres 1.70
99.97

BoyD COUXNTY.

No. 1292.—Marly shale. FFrom near the top of the ridge be-
tween Clinton Furnace and Cannonsburg.

A friable, indurated marly clay, of dirty-greenish and browp-
ish colors.
~ Following is the analysis of sample dried at 212 degrees F.:

Ignition and moisture.....covviieiiiiiiiiieinieiiinneennss 6.62
SHHCA cevereneroresssssssancssscesnsaasasessassssncsonsson . 77.66
Alumina and iron and manganese oxides......eccveenienann 12.64
Lime carbonate ....ccvveeessessencecesvoncsccnscasonsavoces 0.48
MAENESIE ocevviiierrencarooaseressssoseransancosansvuonnes 0.92
POtasSh ..vveeereeeeecacooncoscsssssscansssosssonssoassannns 1.38
SOAA +vevveunorenececaresasassasasccnassssranasesacasnonses 0.08
Phosphoric acid .....ccvvvneneen K eeeasesssssassssserannnas 0.21
Sulphur trioxide ......cceeeescecieeetsecsascraicscsscosens 0.07

09.96

BoyrLeE COUNTY.

Light greenish clay from Blue Lick, northwest of Linietta
Springs, half a mile northwest of Junction City. Base of the
Warverly formation. Collected by Aug. F. Foerste, 1904. Analy-

sis by A. M. Peter.
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Composition of air-dried sample:

. Per cent,

MOIStUrE vuvvrvneeiesreeosecasatocacssassecascaseanncannns 1.35
Ignition (combined water and volatile matter).............. 4.85
SICA vuvereeranroeessstcscrasstscssacesnccceaasccsocacaces 62.44
ANUMING t.eevvosesserssaroseccsoncarrsesansss eeriessencaes 17.87
Ferric oXide ...eveveeeiiiecnientnntecronnrecocacocecnaanas 6.31
LAMIO cveeesveronssesesessnsnssnans G eetteseseesnscacssanscan 0.18
Magnesid ..ocveeeeereciensaeetonscsasssoncoasssenncasanaes 1.18
Do ) N 3.52
SO0GB cvvereeeeroserasonnesocssnesonsocssnsssssasancasanasne 0.77
Titanium dioxide «veeeeeieecieiirnieieriereririccernesannnas 1.04
Sulphur trioxide ....cecceceececrnnenerceraccnsaresnacacses 0.19
99.70

It is possible that this clay may serve for vitrified brick.

BRECKENRIDGE COUNTY.

No. 312.—Labeled, “Shale and Marl under the Archimedes
Limestone, at Ryans, four to four and a half miles east of south
of the Breckenridge Coal Mine (Subcarboniferous Limestone
formation).” This is from the Chester group. Analysis is of
sample dried at 212 degrees F.

A dark olive-grey friable shale, containing ferruginous con-
cretions. Rubbed up in a mortar and washed with water, it
left 17 per cent. of very fine sand, of which only 0.20 per cent.
would not pass through the bolting cloth. These coarser parti-
cles, examined with the aid of the glass, were found to be flat-
tened rounded particles of ferruginous sandstone and rounded
particles of hyaline quartz.

No. 2460.—Marly shale. From Buffalo Licks, a mile and
a half below Cloverport. Sample sent by Robert Bryce.

This shale contains only a trace of phosphoric acid, and its
potash is in such firm combination as not to be immediately
available for plant nourishment; so that it does not promise
much as a fertilizing agent when applied to the soil. Analysis
is of air-dried sample, :

No. 1994.—Marly shale. From Tar Creek Hill, Bowling

+
¥
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Green Road, near Cloverport, Breckenridge county. Collected
by P. N. Moore. Analysis is of sample dried at 212 degrees I,

A friable shale, of a yellowish olive-grey color, containing
many minute specks of mica. Before the blow-pipe it fuses
into a dark colored slag. Burns of a handsome bright brick
color.

This marly shale would, no doubt, be useful as a fertilizer
on old exhausted soils of a light and sandy nature. Exposed
to the frosts on the surface of the ground, it would very prob-
ably undergo complete disintegration. Its considerable propor-
tion of potash would gradually become available for vegetable
nourishment under the influence of the atmospheric agencies,
but might perhaps be brought more quickly into use by the
simultaneous application of slaked lime cn a clover crop. It
might be used for terra cotta.

Following are the analyses of these Breckenridge county
clays:

312 2460 1994
]
Ignition and moisture......cccveviieennnes 7.04 5.44 3.78
SIHCAB ceveevenreeerereanaecrccacrannnnenas 78.68 73.50 66.96
AIUMING ..eeiivrnnnionnsecicoannnnoannses 12.17 16.76 15.62
Iron oxide ....coecciirriciierreancecanns In Al In Al 8.38
LiN@ cveeceecscaacscssarsnnnscnsnsaananss 0.97 0.28 0.49
Magnesish ...eceeiiieciiecaticrianconiriees ! 0.41 1.89 0.67
Potash ........... ereceeeiecsenencnrranen 0.55 2.08 3.29
SOAB +evveeecacensasscssscsnnssssssonscnss 0.19 0.03 0.62
Phosphoric acid ....cccevevrcecnrnveanrases 0.10 Tr. 0.16
Sulphuric acid ....cvievieinneienieananns 0.19 | ... ceees

Clay from land of Mrs. Miller. Sample was a soft, grey, fri-
able material, rather gritty to the touch. It effervesced with
acid. Rather easily fusible in the blow-pipe flame. Collected
by C. J. Norwood, 1903. Analysis by A. M. Peter.
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Analysis of air-dried sample:

Per cent.

MOISEUI®  .vveririneernnenneneeureenonseensnsossasenannans 0.76
691310 T 5.86
SIHCR ivreriiiiiiinerrnnraenereeeneeeneeesnnseaannncanne 6&.86
ANMING teveenriiiiiieiiniireeernnneenesssensenscosaacsas 13.67
Ferric 0XIde .vviereevinrenorrenureneeeeeeeeasesscscnsannns 3.32
LiDe teciniteieincioenceneecteecnocssussncoosoonssncansanes 2.90
MaBNeSIA oiveirsncnnsesataensocroncranssassesocssnssnnsns 1.60
POtASh  L.iiriiiiiiiitiri e ire i ettt it e 0.47
3T . A 0.36
Sulphuric cid ..ieiiereieiriiniienerrrennnerencnnnnnennnn 0.14
97.94

This clay was brought to determine its suitability for making
Portland cement. It is too high in silica to be used for such pur-
pose, unless combined with other'material much richer in alum-
ina. A test was made as to its possible value as Fuller’s earth,
but it did not give the color test of that earth. 'The clay is said
to have been used as a polishing powder and as a substitute for
soap. It is too gritty for use as polishing powder for fine ware,
but may serve for some polishing purposes, and it may prove
useful in the manufacture of washing compouunds similar to
Sapolio,

. BUTLER COUNTY.

No. 1996.—Marly clay-shale or indurated clay. Below the
coal at the Mud Creck Mines. Collected by John R. Procter.

Of a dark-grey color, imperfectly and irregularly laminated.
Contains many minute specks of mica, and some imperfect im-
pressions, apparently of marine shells. It is quite plastic when
powdered. Burns of a light yellowish-grey color, nearly white,
hence might be made available in terra cotta. TFuses before the
blow-pipe.
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Following is the analysis of this clay, sample dried at 212
degrees F.:

Ignition and moisture ........cceeieiiernrerennanns veeees 13,445
S )b .e. 51,660
ANMIDA teatitninereteeereerensseesesscsocencesnnonns vess 15,660
Ferric oXide seeeciiieeereenrnnnnnnerenencenacnenss ceeses T.680
LimMe tiiieeeinennieenteneannuoenereneceseanncnnens vesvee 1.269
Magnesia ..iieeiiiiiaieatietaiitrtaciecentnnracnns vaes 0.817
POLASH tiveeceneretiienitenaecaceneeescasneannsaossannnses 3.276
1T T4 S .. 0.293

100,000

Clay underlying the coal mined by the Aberdeen Coal and
Mining Co., near Morgantown. Thickness, three to five feet.
A bard, stony-looking grey clay, with some plant impressions.
Collected by H. P. McDonald, 1903. Analysis by A. M. Peter.

Composition of air-dried sample:

T o ’ Per cent.
Moisture ...ceeeeennns S aeaneesbestcetaennsarrianaarrnanes . 1L.11
TEDItION sevveviieronrnneececaraasencnsncsssonsssasssnsssoss 4.54 -
SHlICA vvveueearenectoressanseaneccsccstosescnssnnsnssnnnnss 2.64
AJUMINA tiviererescorasesecosssscecssnssessosaceancosasases 17.36
FPEITIC OXIA@ v vvvveneenenreninsneonensonasenasensasanssonnns 1.70°°
LAINE tvveeeeraceoneesrasarcncnosssssesssssssnvonnonsssoons 0.35
MAZNEeSIA ..vcveennncrcrecroreseenntrasanseatosesncacosonns 0.42
POLASRE vvveecaeeeoececeennonsssscscsnaasenssssasosssansnane 3.26
SOUA voveroeaneorenassnncecanssssnassasassssasssessecssssns saas .
SUIPRUL ..eeeiiurreraanansoeneasoncnsesssacanrsosnsscnesns _0.07
THtanic OXIde oeevecercccecssessacaasssasarsasccsoccossonnss 0.63

101.98

The clay contains too large an amount of fluxing material
(iron, alkalies, etc.) to be a good fire-clay. The iron and sul-
phur occur chiefly combined as pyrites. It is possible that con-
siderable of the latter could be removed by washing.

Clay underlying the coal mined by the A. R. Pollock Coal
Co., Mining City. Color, light grey, with smooth surfaces and
plant impressions. Thickness, three to five feet. Collected by
H. P. McDonald, 1903. Analysis by A. M. Peter.
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Composition, air-dried:

‘ Per cent.

MOISEUTE tvivinriiientrnrenrenensnreeonsscesonnconnnnes .o 2,20
-4 1014 0 P 7.55
£ 1 e 60.61
AIUIMINA ieveriiieieiiutnnnneseeeeesnnsennrosssansnananons 24.18
Ferric 0Xide soivviveininnnerianeeeeserenensaeeenennnnaanns 0.95
7 T S PN 0.32
Magmesia c.uveiierineierieanereecetcticitctatacnontacocnnae 0.88
LT 1) 3.16
S0d8 .ieurrriiiiinannctttstatacaseteitetesaatatosnasacnaens 0.94
F3110 42331 0.13
Titanic 0Xide «vveeieeeiereeerencececcsasencrsssssascaanns oo 0.21
101.13

The sulphur occurs in the form of pyrites.

CALDWELL COUNTY.

 No. 2942.—Marl. Somewhat indurated. From land of Mr.
E. M. Stephens, thret miles east of Princeton, Caldwell county,
Ky. Bed four feet thick. Mostly in soft, friable laminae, of a
light-grey color, nearly white, with some ferruginous stains.
Quite plastic with water when pulverized. Fused before the
blow-pipe. Did not prove to be “hydraulic” on experiment.

IFollowing is the analysis of air-dried sample of this clay:

Ignition and moisture
1331 37.80

Alumina and iron oxXides ..uiiiiiiieiierreaineeerrecontoans 13.32
Lime carbonate ..vviiviriierecerecccoceccceosossocncansses 21.16
' F-a T e 1.44
50 - ) 2.39
B0d8 +eveeiiininceiiiiiiiatetetitectttonaanatttarcanasocnns . 2.23
Phosphoric 8cid «.vocuvriiiiinrneniiinracececneecacncann .. 1.27

CaMpriELL COUNTY.

No. 1315.—Marly shale. Labeled, “Clay marl, from Cincin-
nati Group; quarter of a mile from Newport on the Alexandria
Turnpike; upper blue clay.” Collected by N. S. Shaler. Lower
Silurian.

A dark-grey, soft shale adhering to the tongue.
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No. 1316.—Marl. Labeled “Marl, from the silicious mud-
stone of Dr, Owen, ten feet from the surface. Not distinctly
stratified. Gallows Gap.” Collected by N. S. Shaler.

Buff colored; friable; fine grained.

No. 1317.—Clay shale. Labeled “Newnort Reservoir; three
hundred and forty feet above the Ohio River. A mixture of the
clays in a set of beds, containing a few limestone layers, six
feet from the surface to twelve feet.” Collected by N. S. Shaler.

A yellowish, soft shale, with softer ferruginous clay mixed,
adhering to the tongue.

No. 1318.—Clay shale. Labeled, “Newport Reservoir, upper
blue clay, three hundred and twenty feet above high water in
the Ohio River.” Collected by N. S. Shaler.

A dark, bluish-grey soft shale. Adhering to the tongue.

No. 1319.—Clay. Labeled, “Brick Clay, about three feet
above high water in the Ohio River; Newport, Ky Collected
by N. S. Shaler.

A light, ferruginous, yellow silicious clay.

No. 1320.—Sandy Ferruginous Clay. Labeled, “Sandy
Clay, three feet from surface; Mt. Vernon Road, half a mile
from Alexandria Turnpike.” Collected by N. S. Shaler.

Of a light reddish-brown color.

No. 1321.—Ferruginous Clay, ete. Labeled, “Ferruginous
Conglomerate; side of road, one mile north of Giants Creek.
North headwaters of Phillips Creek.” Collected by N. 8. Shaler.

Ferruginous clay, with nodules of impure hydrated peroxide
of iron included.

No. 1322.—Principally sand. Labeled, “Moulding Sand,
Columbia Trace, balf a mile northeast of Newport Waterworks
Reservoir.” Collected by N. S. Shaler.

A fine sand of a dirty-salmon color, composed mainly of
minuate rounded quartz grains.

No. 1323.—Sand. Labeled, “Sand beneath the Brick Clay.
Section on Columbia, corner of Harris sireet, Newport, Ky.”
Collected by N. S. Shaler.
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No. 1335.—Marly Shale. From two miles south of Newport,
Licking Three Mile creck. - Geological position: ¢“Cincinnati
Group, fifty feet above high water mark of the Ohio river.”
Collected by N. S. Shaler.

A friable shale qof a handsome light olive-grey color, contain-
ing fragments of small encrinital stems and of Orthis multi-
costa,

No. 1336.—DMarly Shale, “from Licking Three Mile Creek,
two miles back of Newport (Cincinnati group). About sixty
feet above high water mark in the Ohio River. The beds are
about thirty feet thick, with thin partings, and can be easily
stripped. Test their value as a marl.” Collected by N. S.
Shaler,

Of a light olive-grey color. The laminae are thinner than
the preceding.

“Following is a table of these Campbell county clays dried at
212 degrees F : T

o 8| a2 =2 )
<] g ] © L3 o =
o Lo o9 @ -] < By
g5 1 es | 22| 82 e
County No.{EE2| B ,;; SR 58 §e ,é § 8 f-_-d
LR ERRE L H 2|z
By

Campbell ......|1315 5.76‘47.32 28.05/In Al.]13.49| 1.13| 3.25| 0.64! 0.34!n. &.
Campbell ......|1316( 2.94.68.76(12.05{In Al| 9.86] 3.86( 1.33( 0.98 0.22'n. e

Campbell ...... 1317| 4.70 58.08’31.49;In Al.} 0.66] 1.13| 3.04| 0.99] 0.25|.....
Campbell ...... 1318 G.20|51.42||29.45|In Al[ 6.85( 1.26f 4.12 0.57{ 0.12[.....
Campbell ......71319] 4. 57|72. 66190 .50,In Al| Tr. | 0.83] 1.24|n. e.| 0.19].....
Campbell ...... 1320] 4. 10]82 -5612.22'In ALl 0.16| Tr. | 0.67 0.28|n. € leaene
Campbell ...... 1321 3. 41 57. 16]33 54iIn Al| 0.86] 1.78| 2.70} 0.55'n. €. |.....

Campbell ......|1322. 4. 40|81 66112.70{In AL] Tr. | Tr. | 0.76| 0.64'n. e.}......
Campbell ......|1323] 2.96i85.84; 3.50/In ALl 7.40| 0.30|n. e. |n. e. 0. e f.....
Campbell ......|1335 4.89|54.16!12.26 15.55| 7.80| 0.16 3.301 0.93; 0.28} 0.66
Campbell ...... 1336\ 8.34/57.26/16.78| 11.50] 4.56, 0.78) 4.47} 1.07; Tr. | 0.23

CARTER COUNTY,

No. 2461.—Marl. “From mines of Carter County Limestone
Mfg. Co. Found in their quarry, in a bed about three feet
thick. Supposed to be useful as a fertilizer.”

A compact marl, of chocolate and dirty green color. Ad-
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heres to the tongue. Soft enough to be scratched by the nail.

As this contains a considerable percentage of carbonate of
lime and magnesia, as well as a fair proportion of phosphoric
acid and 3 per cent. of potash, which, however, would not be
immediately available as a fertilizer, this marl may be found
beneficial on poor, sandy soil in its immediate vicinity, where
the cost of transportaton would not preclude its use.

The sample of this marl was accompanied by two lumps of
nearly white limestone from the quarry in which the marl bed
is found. This limestone is a compact, light cream-colored rock,
containing specks of small crystals of cale spar. On testing, it
was found to be nearly pure carbonate of lime, containing only
a trace of phosphoric acid. The proprietors were said to have
crushed this limestone for use as a fertilizer. Its principal val-
uable ingredient is its carbonate of lime; it is therefore not
better as a fertilizer than any ordinary limestone,

Analysis of the air-dried sample of the marl is as follows:

Per cent.

Water and 10SS cuveecennceriteneranacnrensencancenasvasenes 2.37
SIlICA +everrnnessivscrconsanssarcescessosssacansansenansans 58.44
AlUMING cuivverriecrsnessoneesoesoscacasssssreasessonsasces 13.37
Ferric OXide ..cevecreescsseseceressnscsssssscsrosassssssae 5.00
Lime carbonate coeececesseersccesscstscsasasssssrscssassss 13.88
Magnesia carbonate ....eceeviveriiirisseertractiietssoonns 3.42
POtash ...eceveececcconcsasosesseassassasssnsocsasacsssnsee 3.02
SO002 cvvecianeceatececncaranccosscscsssanrsasssosossssansas 0.28
Phosphoric acid ..ccciiiicecscaccnceocasssosssossccscnvans 0.20
99.98

No. 1337.—Clay. Labeled, “Fire Clay; average sample
from the upper bed, four feet thick on both sides of the hill.
Ridge between Grassy and Three Prong Creeks, Boone Furnace
property. Whole bed eight to ten feet thick. Collected by Philip
N. Moore.

The dried clay is quite compact, scarcely to be scratched
with the nail; has a soapy feel; not adhering to the tongue.
Breaks into sharp angular fragments. It is of a light-grey
color.

No. 18338.—Clay. “From ridge between Grassy and Three
Prong Creeks, Boone Furnace propery. Lower bed. Collected
by P. N. Moore.
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Compact, breaking into sharp angular fragments; hardly to
be scratched with the nail; slightly adhering to the tongue; has
a somewhat soapy feel. Presents, in parts, an approach to an
oolitic structure, Color, dark-grey, passing into dove color.

No. 1339.—Clay. “From same locality as preceding. Rough-
er part of the upper layer, etc. Collected by P. N. Moore.”

A light-grey compact rock, of a harsh gritty feel; not to be
seratched with the nail. Under the glass showing many rounded

grains of quartzose sand. Ierruginous incrustation on the
surface.

No. 1340.—Clay. “Tire Clay under coal. Old Orchard Dig-
gings, Boone Furnace Property, Carter county. Collected by
. N. Moore.

A compact shaly clay, with some of the lamellar surfaces

polished in various planes. Has a soapy feel, and no grit. Of
a dull dove-grey color.

No. 1341.—Clay. “Fire-clay from same bed as Nos. 1337,
1338, and 1339. A dark-colored sample from the lower part
of the deposit.” Collected by P. N. Moore.

Compact, fine-grained; hardly scratched with the nail; ad-
hering very slightly to the tongue. Of a dark brownish- slate
color.

No. 1342.—Clay. “Fire Clay under the tweive-inch coal.
Geo. Oseton’s Land, near Grayson, Carter county. Sampled
by J. A. Monroe.”

A grey or ash-grey clay in pulverulent condition.

No. 1345.—Clay Shale. Labeled, “Argillaceous Shale, with
some lingulae near the top. Railroad cut, half mile south of
Station (Eastern Ky. Railroad), Grayson, Carter county. Col-
lected by Prof. N. 8. Shaler” ‘

A soft, friable shale, of a bright buff-grey color, mottled
and colored between the laminae with ferruginous and black.

No. 228).—Ferruginous Marly Clay. “From Limestone
Mining Co., Limestone Station, Carter county. Sample sent
by John R. Procter. Received Aug. 23, 1883.”

In lumps, easily broken, of a chocolate-brown color, contain-
ing small rounded grains of hyaline quartz, and small pebbles,
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more or less rounded, of various quartzose minerals. By wash-
ing, about ome-fourth its weight of small rounded quartzose
pebbles and fine sand was separated. The residue is a tough,
plastic clay, of a light chocolate color, fusing before the blow-
pipe into a dark-colored, nearly black slag.

Analysis of this clay (exclusive of pebbles and sand), dried
at 230 to 240 degrees I, is as follows:

Per cent.

Moisture and loSS ceeeceeeeceiiiicreaneacasnscsecrnncaneas 2.950
SIHCR tivineneeeeeisneiesteersronctocacancecsscsoneecanes 62.680
ANMINA ciiiiiesneernercnsensesstensssnsessscsranseanens 14.803
Ferric oXide ..o.veceiininnnarrnenseesereeceeenorsaseeanns 6.160
Lime carbonate ......cccieieenceciiaainnncnsroccsenc,anas 8.280
Magnesia carbonate ........ceeeeeieeieiiiciiiriiiciaranes 1.650
0] 2 T ¢ 3.108
S0A8 cvcierrersccscsonsencscsrssascssasanas Meerereresaaens 2.149
Phosphoric 8Cid .evveececscvecsoseeransacecencsceearesnane 0.217
100.000

The analysis was made by the late Robt. Peter, M. D., then
Chemist of the Survey. His comments are: “This clay might
be of some service as a marl on poor sandy soil, provided the
cost of transportation does not preclude its use. The washed
clay might be employed in the manufacture of common pottery
of various kinds.” It will be observed that the percentages of
iron and alkalies are high, hence the clay would seem more
serviceable for brick than pottery. '

No. 2463.—TFire Clay (Sample No. 1). “From Perry’s
branch of Tygart’s creck, near its mouth, and near the E. L. &
B. S. R. R. Thickness of bed, three to nine feet. Owned by
the Tygart Valley Iron Company. Sample sent by K. B. Grahn,
Secretary and Treasurer of the company, Olive Hill, Carter
county.” )

A very light grey, nearly white, compact, indurated clay.
Breaks easily, with irregular, broad conchoidal fracture. Ad-
heres slightly to the tongue. Imperfectly oolitic, with small
spheroidal concretions of the size of a mustard seed. Before
the blow-pipe it calcines white and is quite refractory, softening
very little in the greatest heat.
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No. 2464.—Lire Clay (Sample No. 2). I'rom the same lo-
cality as the preceding, ete. _

A compact, indurated clay, of a yellowish light-grey tint;
more firm than the preceding clay. Does not adhere to the
tongue, Is a little more oolitic than that. The exterior sur-
faces are strongly colored with iron peroxide. Before the blow-
pipe it calcines nearly white, with a slight tint of reddish. Is
refractory, but softens a little in the intense heat.

No. 2465.—TF'ire Clay (Sample No. 3). “I‘rom the same lo-
cality as the preceding, etc.

Resembles the next preceding in firmness, fracture and oolit-
ic character. Does not adhere to the tongue. Calcines, before
the blow-pipe, of a light brick-reddish color. Is refractory, but
softens a little more than the preceding in the intense heat.

No. 2466.—TI"ire Clay (Sample No. 4). “From same locali-
ty as the preceding, ete.”

Resembles the preceding, but is rather more oolitic. Is of
a brown-grey color, with a thin, irregular vein of greenish-grey.
. Hardly adheres to the tongue. Before the blow-pipe it calcines
of a light brick-reddish tint. Is refractory, but softens a little
more than the preceding. For comparison, the analysis of the
celebrated “Woodbridge’s Fire Clay,” of New Jersey, is given,
numbered as 2467.

No. 2467.—Woodbridge Fire Clay, from New Jersey. The
analysis is taken from the second report of the Geological Sur-
vey of New Jersey, 1855, page 100. This Woodbridge fire-clay
is said (in the New Jersey report) to be of the “best fire-clay,”
and that it will “stand an intense heat better than tlie imported
brick” The best sample of the Carter county clay, No. 2463,
contains less of the ordinary fluxing materials of clays, viz.,
iron oxide, lime, magnesia, potash and soda, and the other sam-
ples exceed it only in iron oxide, much of which—it heing main-
Iy an exterior coating—could probably be excluded in mining
or removed by scraping,.

No. 2661 N. S.—T'ire Clay. Labeled “Ashland Tire Brick
Company. Green No. 17 A hard gray, flint clay. No efferves-
cence with hydrochloric acid. No phosphoric acid. Part of
sample reserved. Analyzed by 8. D. Averitt, 1905.
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No. 2662 N. 8.—Tire Clay. Labeled “U. 8. Tabor, No. 1.”
A bhard, gray flint clay. No effervescence with hydrochlorie
acid. No test for phosphoric acid. Collected by W. U. Grider.
Analyzed by S. D. Averitt, 1905.

No. 2663 N. S.—TFire Clay. Labeled “One mile north of
Olive Hill. This clay underlies six inches of black shale, above
which comes the Conglomerate Sandstone.” Collected by W. U.
Grider. Analyzed by S. D. Averitt, 1905.

A semi-hard clay of a dark, gray color and soapy feel. No
effervescence with hydrochloric acid and gave no test for phos-
phoric acid.

The following tables show the analyses of the Carter county
clays that have been described:

b1 - g g g | CYX) M g £ g
No. T (5822 | E[EE|E | B | 3|2 |53
B |38 2| |7 | g |&]* 2"

B
1337 eeiveevnenn.. I‘212" F|I13 03||48 56 37. 47|' tr. Il 0.11) tr. | 0.28] 0.28| tr.
1338 ..iieveiinneas ]212° F.|14. 21,45 96]38 53[ tr. | 0.14! tr. | 0.25] 0.34] tr.
1339 L..eiiivienn.. l212° F.|11.78i54. 62 32. 46] tr. { tr. | tr. 0.21] 0.67| tr.
1340 ....iiviiienns |212° F 7. 75 62. 46 27, 20, tr. } tr. | tr. 1.851' 0.58] tr.
1341 .iiiiiienennn. 212¢° Fl 8. 52!45 56,43 A7 tr. ! 0.14] tr. | 0. 96' 0.72] tr.
1342 ..iiiiiiiiennn 1212° F 8.30 64 26!24 60 tr. ; 0.531 0. 20! 0. 7a‘ 0.51] 0.16
1343 ..veeieennann. 212° F 5. 30 66. 06'23 2! tr. ! ..... ! 0. 12 2. 09[ 2. 27|n e.
2463 ...iieiiiiinnns ' Air |14. 43 43 58 40 86, 0. 764 0. 29' 0. 14‘ 0. 19| 9. 05] .....
2464 .........00...; Air i12 65(44. 84,40 18] 1. 76' 0.21° 0. 13! 0.17{ 0.06;.....
2465 Li.iiiiiiienan Air 12.86,41 .28/40.56) 4. 42| 0.60! 0.17 0.11] tr. |.....
2466 ...iiiiioiannn Air ,15.69'41.58]38.38[ 4.04] 0.21i 0.10! tr. | tr. [.....

No. 2467.—Analysis of the Woodbridge, N. J., clay. Com-
position, air-dried:

: Per cent.
‘Water and 10SS .......... Ceeresaasasarsosoasssscrsnseonas 14.640
51 1 39.760
ATUIINA tvvreetiennraeeeeeansnssscsssssoranssssssaassonss 42,850
ITOD PeroXide ..eeeiiiiiencrseornrconsnansacarsesosanonns 0.940
153« U~ 0.398
B €= =9 -1 - T 0.650
B 0T 7: 1= « Y N 0.477
S0da ..ciiiiiiireiiireicnonnns iesssceeanas cerenans ccanese sanese
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Analyses of other Carter county clays, being Nos. 2661,
2662 and 2663 of the new series. Analyses made by 8. D. Aver:
itt, 1905. Composition, air-dried:

No. 2661 | No. 2662 | No. 263
MOISHUTE vvvvvcvoeneassenssoerscesensesnsosnnsanses 0.88 0.58 1.17
Ignition (combined water and volatile matter)...... 13.24 13.64 13.21
SIlICA vevereeeioeeerancneasessossscscrcncssenasnans 45.56 43.90 43.76
Alumina ....... W eeeeeiesiienecetatansntansesrenans 35.75 36.82 | 36.47
Ferric oxide ...cvveniieiiieiiecinintnnensnennnns 0.87 0.72 1.02
LImMe cveirivienrntnereeniiiansncnsstrccnsscasonans 0.28 0.33 0.34
MBENESIA vvevverereennrnecseasscssosssssasasssonans 0.40 0.27 0.29
Potash .vveeeeinneeeerceeraccccececsroncsnscsrnnsan 0.59 0.25 0.31
1200 - N 0.39 0.16 0.19
Titanium dioxide ...ccovveeiieniniieneincnnoseenoss 1.80 3.10 3.05
Sulphur trioXide ....eevveiecenseeercncscnsennsesans 0.40 0.15 0.07

CrArRE COUNTY.

No. 2671 N, S.—Red Devonian Clay, from Orlando Hens- |
ley’s place, three miles east of Indian Fields. Thickness, fifty-
four inches. Collected by J. H. Gardner, 1905. Analysis by
A. M. Peter,

Composition, air-dried:

Per cent.

B (0} - A1 3.04
Ignition (combined water and volatile matter)........c...vn 12.28
Silica ..... Pe e ttsasseesesacsssarosesaansorrasrantacctannsn 44.40
AJUIMIDA tiivnriirnracaeseerioetoorsnescosecncssasanasnsnas 11.35
Ferric oxide «ovinriiiiiiiiiiiiiiiiiiiiiiinetetintasncassans 24.69
B 7 T S AP 6.26
Magnesia ..cvieeeeenieriiiatiitiittectiantiasesstosaasosns 0.38
Potash teceveeionronioeeenereasesesenscsasnseacssasssnsanns .99
1S 10 T - S 0.26
Titanic OXide ..vvervieraoncrsnrneccocaronsssocsasasnsnnces 0.75
Sulphur trioxide ...cceevreeiiiereescssocsanscscasans vee.. 0.56
Phosphorus pentoxide ...ccovvvenveeas teerrscasssansensnaes 9.13
100.09
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CLixTON COUNTY.

No. 1741.—*Marly Clay, Cumberland City Mines, Chester
Group (Leitchfield Marls). Collected by Prof. N. 8. Shaler.”

A dull, olive-grey, indurated marly clay. Following is the
analysis:

3 1 N 70.80
Aluming and iron oXides ....eeuveceveeierenneeneeneennnens 18.84
LiME tivveeeineenineiiacrossossceeanarosesnnsascenossnennes 0.59
Magnesia ...viiiiiienierrinnceeieerrrnenacoanecnenaanssoes 4.35
00 T + 4.24
S 1o - oo 0,79

CRITTEXDEN COUNTY.

No. 12950.—Soft, powdery, nearly white clay, from farm
of C. W. Bryant, three miles southwest of Marion. Collected by
L. P. Tanner, in accordance with directions of Prof. C. J. Nor-
wood, 1903. A sample pitcher was made of this clay by the
Brockman Pottery Company, Cincinnati, O. The glazed ware
is white, with a faintly bluish tinge. Analysis by A. M. Peter.

Composition, air-dried: '

. Per cent.
MOISEUre civvviierrenensnanceneccoecescssosccannnsrnonns .es 1.36
Ignition covviiiinniiieiiereneenncecencans teerissesssrnvaone 9.78
SIHCA +rvrernnerrerrnnreneeereeseensnnsnnnnneeens e 57.56
AIUMING t.uviiiniiriniereanosarsossnsssvssssssesssssonnssns 30.47
Ferric OXide ..vuiiieeeerieeterensecsosssesosssssassannansn irace
55 3« 4 U e 6.30
MABNESIA «eevecenseecotsoenesssescosnsscsnsoansssscssannns 0.24
B0 1) ¢ Y 0.26
SOAA it vneeeeronannsesasasonsssssssnsscssrscssasssssssanee 0.20
Sulphuric anhydriGe ......ccoveeeeecrerecessocccssenancons trace

100.17

EpyxroxsoN COUNTY.

No. 1767.—Silicious Clay, from Sowder's farm, near Green
River. Chester Group. Bed four to six feet thick. Collected
by John P. Procter. In irregular lumps; friable; of an olive
and brownish-grey color. Powder light-grey.
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‘No. 1768.—“Clay, from Sowder’s farm, on Caney Branch,
one mile from Green River. Bed seven to eight feet thick, in
layers of various colors. Collected by John R. Procter.”

(¢) The upper or light-dove-colored layer.

(b) The second, light-grey, nearly white layer.

(¢) The third, grey layer.’

(d) The lowest layer. Olive-grey, mottled with yellowish-

rey. :
¢ Composition of these Edmonson County clays:

Edmonson County i No. 1767 | No. 1768 (a) | No. 1768 (b) | No. 1788 (e) | No. 1768 (d)
Ignition and moisture... 2.48 4.34 4.46 4.90 5.69
Silica tecvrercnnciinannn 80.16 77.66 74.46 71.56 67.56
Alumina and iron oxides | 11.60 16.80 20.44 22.86 22.54
Lime .covevevennessnoans I 0.76 0.48 0.64 0.68 0.98
Magnesia «vieoveeoavenas : 0.56 N. E. N. E. N. E. 0.67
Potash ..ccvvveeenncnenes : 3.85 1.00 N. E. N. E. 2.47
S0d2 ..ccieviecnieninans 0.58 0.48 N. BE. N. E. 0.05
Phosphoric acid «.oveves| cvveer | seensn Poeeeeen | e Tr,
Sulphuric acid.......... [ T ] Tr. | ceeeee | cevses

! [

Ifor other Idmonson county clays, see Part I. of this bul-
letin. )

FAYETTE COUNTY. .

v

No. 2120.—“Marly Clay, occurring in a bed described as
being a foot and a half thick, in the Lower Silurian limestone
strata on Elk Lick, between the Kentucky River and the Lex:
ington and Richmond Turnpike, just above the so-called petri-
fied falls (calcareous tufa) of Elk Lick. Collected by Walde
mar Mentelle,”

A whitish clay, mottled with brownish ochreous spots. Quite
plastic. Effervesces with hvdrochloric acid. At a moderate red
heat it calcines (or “burns”) of a handsome flesh color, which
property might commend it for use for terra cotta, if in suffi-
cient abundance. Before the blow-pipe il readily fuses into a
whitish slag. : '

No. 971.—Marly Clay. From “Daniel Brink’s place; one
Lundred and two feet above Philip Brink’s branch. (Brought
by Messrs. Downie and Lesquereux.)”
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A light-grey clay, mottled with buff. Contains an extra-
ordinary quantity of potash, etc., and hence might profitably
be used as a marl, on land which has been deteriorated by long

cultivation.

Composition of these Fayette county marls, dried at 212
degrees It :

No. 2120 No, 971
Ignition and moisture........... e | 7.87 | 5.67
SIHCA cevesrentetserseseorencscsasasnsarsecssssaannnne vess| B3.78 56.88
AlUIMIDA .. eveeeeustteoneassnsanconsenaacesesssnscenss ...| 23.26 24.65
ITOD OXIdES cvvvreceiicenenrannnnnnessavscnnsonncsorcnnses 1.30 |.......
Lime ...coevvvvveieinnnnn. ceeenes essseserasenssssscans wees| 4.86 2.48
Magnesia ...cveeeieeeicserariataaccssssssonsanorsraccnans 0.56 3.27
POtash cucieeeireccnvenearoancsassocossssnsscssnansccnanns 7.61 6.65
15 T - T 0.55 0.19
Phosphoric 2Cid «ceeeeeeeceenrenecncscnnnsanss erereaeaces 0.19 ;. 0.18

FLEMING COUNTY.

- No. 972.—DMarl. Labeled, “Clay found at the junction of the
Upper and Lower Silurian of Fleming County.”

A greenish and reddish brown clay. DBefore the blow-pipe,
melting at the edges, and burning of light umber color. Pow-
der iight dirty-buff. Dried at 212 degrees, it lost 1.20 per cent.
moisture. ‘

May be employed as a marl on land, with the addition of
bone dust, or super-phosphate, or other phosphatic material.

The following is the composition of this marl:

Ignition and moisture.....co.vvevrerneorencssccecenssncenns 13.90
SICA tveveeesasesocasassanssnsaesecacsosnssnsesnncsssccvoe 39.78
ATUMINA tiviuieeeravronsneroscsasansencassosssosrsscsossss 10.40
Ferric oxXide ...cceienrreinniiienennisioecscnesonannennns 10.76
Lime ........ et attecsseatetcateaaaratatretentrornoanranne 16.88
Magnesia ..oeeereccrorcceeneccretccacsenrsscecnnssoasnsnnns 6.38
POtASH teveneserencencssasascanassosnescncenscenssssnsasoss 1.14
Manganese dioxide .....cviieiiiiieiett thtsoaarieresaranans 1.08
Phosphoric acid .....eececiceccsnceiinnsscncoavocascoassns 0.07

0.33

Sulphuric 8cid ...vevieeeiesnesssscrncecsncancsasccassacssse
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FFRANKLIN COUNTY. -

No. 1431.—~“Green Marly Shale from helow the arsenal at
Frankfort. Bed about eight inches thick. Ordovician.”

A friable shale of a greyish-green color.

No., 1432.—“Marly Shale. Same locality as the preceding,
but lying above that. Collected by N. S. Shaler.”

Quite friable. Of dull olive and brownish colors.

No. 1433.—“Marly Shale. Used as a paint at Frankfort,
etc. Sent for analysis by James L.°Snced.”
Of an olive grey color, with some brownish yellow mixed.

No. 1434 —*“Marly Shale. Trom Armstrong's IFarm, Bridge-
port. Geological position: Cincinnati Group, just below the
silicious mudstone, In same position as the marl near New-
port. Collected by Prof. N. S. Shaler.” Used for paint. Said
to be good for polishing iron, etc. Of a handsome light olive-
grey color. :

These marly shales are remarkable for their large percentage
of potash, which probably may make them valuable for applica-
tion to exhausted land of a light and sandy nature. A previous
moderate calcination with lime intimately mixed might, if prac-
ticable, make them more available in this respect by setting free
more or less of the potash locked up in the insoluble silicates.

It will be seen that No. 1431 contains in all as much as 8.47
per cent. potash, and No. 1432 a total amount of 7.13 per cent.

These and similar marly shales have been used as pigments;
for which purpose they are quite appropriate, if of an agreeable
tint, and they will-not decompose the oil with which they are
mixed, and not readily altered by atmospheric agencies under
such conditions, and contain nothing of a poisonous nature.
Their use for scouring or polishing depends on the very fine
silicious sand contained in them.

Although the sulphur and iron in these marls are calcu-
lated in these analyses as sulphuric acid and iron oxide, sever-
ally, a portion of each, not determined, is combined as iron sul-
phide.

These latter two analyses were made by employing complete
decomposition by fusion, while the first two were analyzed by
digestion of the marls in acids, and the subsequent fusion of
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the insoluble silicates for the determination of the total amount
of the alkalics. The remarks appended to the first iwo apply
equally to these.

No. 2007.—DPotter’s Clay. From a bed several feet in thick-
ness, in the bottom land in what is supposed to be an old chan-
nel of Kentucky River, half a mile north of Frankfort. Col-
lected by John R. Procter.

The clay is of a grey-drab or neutral tint; it contains some
very small specks of mica and of ferruginous matter. It cal-
cines of a very light brick color. Fuses before the blow-pipe.
Ten grammes of the clay, dried at the common temperature,
washed quickly with water, gave 2.45 grommes of fine sand,
containing some larger, rounded quartz grains.

This clay, while fitted for the manufacture of ordinary pot-
tery ware, is not sufficiently refractory to be used as a fire-clay.

Composition of the I'ranklin county clays:

No. 1431 | No. 1432 | No. 1433 I No. 1434 | No. 2007
Iguition and moisture........ 5.35 6.40 } 8.34 | 7.67 | 5.43
SIliCA veverinriirinainianns 77.38 | 70.06 | 50.36 | 52.06 | 69.30
Alumina .......iieieeninn.. 10.41 ! 15.39 ; 16.81 | 18.83 | 21.78
Ferric oxide................. In Al |In Al | 6.99 | 9.20 !|InAL
LiMe .ovvevrnreninnenannannns 1.44 0.87 | 8.73 | 3.66 | 0.15
Magnesia c..ovveviiiiiiaiaie | 0.80 2.29 ¢ 0.93 121 ( 0.3
POtash ..oeveveneenennnnnnnn. 3.48 3.56 | 3.62 | 5.40 | 2.3
S0da +ieriiriiiniieaian.. 0.04 | 0.31 | 1.78 0.72 | 0.58
Sulphuric acid .............. 0.73 0.57 | 2.28 | 0.92 i......
Phosphoric acid ............. PPN FETTE ERETERTTTI PRPPREPED 0.06

l l

GRrANT COUNTY.

No. 990.—Marl. Labeled, “Marl, alternating with Blue
Limestone; in the Milk-sick regiun, at Moses Theobalds, Grant
county.”

A greenish-grey, friable marly clay. The air-dried marl
lost 1 per cent. of moisture at 212 degrees I'. Containing con-
siderable proportions of potash, carbonate of lime, magnesia,
and sulphuriec and phosphoric acids, it would be a useful top-
dressing to exhausted land.
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_ No. 991.—Shale. Labeled, “Shale from the Milk-sick region,
Moses Theobalds, Grant county.”

A greenish-grey and buff-grey, soft shale, or indurated clay.
Dried at 212 degrees It it lost 1.40 per cent. moisture.

Contains also a considerable quantity of potash.

Following are the analyses of these samples:

No. 990 No, 991
Ignition and moisture .......coviiiiiiieineiireiiiiinnenns 1.53 3.07
SIHCA seevesneessocerscnsossssansssassossossassasasansasss 71.28 78.48
Alumina and iron oxides........ccccvvieeniiriieinrierennn 16.25 13.34
LiMe coveervereenenssoerossasassscasansosssesannenssasanss 4.98 2.78
Magnesia ..cvvveincrecanenas e eececeenrererteernosttanaas " 3.28 1.40
POtaSH tiveeeuenssetartecsecrscensosensossasarencosansacnns 0.98 0.95
SOGR tevvreensrecrseacensecnsssssocecnsassssscnssnsnccnnns . 0.17 Tr.
Phosphoric acld ....vviiiiiinniiiiiiiinecneesereessscacens 0.31 0.33
Sulphurie acid ...ccviiiiiiiiiiiiiiiiiiiiiiii i 1.19 0.63

GRrAYSON COUNTY.

No. 1788.—“Terruginous Clay. Nodular. Below the up-
per limestone. Hat branch of Bear creek. Three and a half
to four feet thick.” '

Of a handsome chocolate-brown color. Not adhering much
to the tongue. Powder of a handsome grey-chocolate color.

No. 1789.—*Nodular Ferruginous Clay. Canalaway creek.”
Resembles the preceding.

No. 1790.—Marly Shale. Found below the limestone. Hat
branch of Bear creek. Four feet thick. Collected by John R.
Procter.

Breaking easily when dry. Of a grevish-olive-green color,
with some parts brownish. Not adhering much to the tongue.
Powder of a handsome greenish-grey color.

No. 1791.—“Marly Shale. Haycraft’s Lick. Similar to
preceding.”
Of a dark olive-grey color when dry.
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No. 1792.—Red marly shale, same locality as preceding, etc.
Mixed with the foregoing. Of a chocolate-brown color.

No. 1793.—“Brown Marly Clay. Cedar Knob Lick.”

Of a dark reddish-brown or chocolate color when dry. Con-
glomeratic, with fragments of material similar to No. 1792.

The apparent excess in the total of analysis 1788 and analy-
sis 1789 is due to the alkalies in the insoluble silicates, which
are estimated also in the total alkalies given above.

The percentage of alumina in analysis 1789 includes pros-
phoric acid and manganese oxide, not separately estimated.

These ferruginous and marly shales and clays, when of a
good color, may be termed mineral paints, and be very profitably
used in that way; but, in consequence of their large proportions
of alkalies, especially of potash, as well as of phosphoric acid,
they promise to be quite valuable, applied as top dressing, for
renewing old worn-out tobacco soil. As they are found in enor-
mous quantities over a _great extent of country, the best method
of making them profitably available is a. matter of great interest.

Chemical analyses show that, while a portion of their alka-
line constituents is soluble in acids, the larger part of them is
locked up in the insoluble silicates. Spread upon the soil, there-
fore, without admixture or preparation, their ameliorating in-
fluence would probably result more from their large proportion
of the elements of clay, giving the soil more consistence, and
increasing its power of absorbing atmospheric agencies, etc.,
than from the alkalies or phosphoric acid, ete., they contain.
In short, the application of these marls to the surface might
be like the plowing up of a subsoil, rich in the mineral elements
of plant food, but poor in the organic compounds which help
to bring them into a soluble and available state.

Exposed to the atmospheric agencies, however, the insoluble
silicates undergo a gradual, slow decomposition, and their val-
uable ingredients are thus set free for the use of plants. The
decomposing remains of vegetables accelerate this process, and
hence the great propriety of using these marls together with
stable manures or other organic fertilizers, or of employing a
clover or other green crop, plowed in, as a means of disintegrat-
ing the silicates. Doubtless poor, exhausted land, which had
been top-dressed with the marl, and then sowed in clover, which
after the growth of one or two seasons, was plowed in, would
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be found to Le greatly improved in fertility. A similar result,
in some degree, might possibly be obtained, in a single season,
by the use of buckwheat, plowed in at maturity.

A quicker mode of setting free the alkalies, etc., of these
marls would necessarily be more expensive, The process used
in the chemical analysis, namely, that of heating to a moderate
red heat, the mixture of the finely-ground marl with a large
proportion of pulverized lime, and about an equal proportion
of sal-ammoniac (ammonium chloride), is quite effectual in
separating all the alkalies of the insoluble silicates. But it is
somewhat expensive on a large scale. In this process, the mu-
lual reaction of the carbonate of lime and sal-ammoniac pro-
duces carbonate of ammonia, which evaporates and is lost, and
caleium chloride, which, together with the excess c¢f carbonate
of lime present (calcined in the process partly into caustic
lime), cause the decomposition of the silicates, and set free the
alkalies. Calcium chloride and carbonate of lime, then, are the
essential decomposing agents in this process; and as calcium
chloride is present in the bittern water of all salt works, and
frequently thrown away as a waste product in other manufac-
tories, or may be cheaply made by the application of hydrochloric
acid to limestone, this process would be much more economical
than that of the use of the ammonia salt.*

FFor the decomposition of the marl, not only must it be
brought into the plastic state or be powdered, but the limestone
or lime, with which it is to be mixed, must also be in the form
of powder, so that they may be intimately mixed together and
fully incorporated with the calcium chloride. With a cheap
powder and a good mill this might not be very expensive. In
order to calcine the mixture, the plastic mass, produced by
working up together the marl, lime and solution of calcium
chloride, should be made up into lumps or brick-like masses,
dried to a certain extent, and then calcined at a moderate red
heat, not sufficient to fuse them. The time during which they
should be maintained at a red heat need not exceed a few hours.

Other modes might be available; as by the use of chlorine
gas, which, if the lumps of the marl are porous, would not ne-
cessitate pulverization. This gas is to be cheaply obtained from

*Remarks on the proposition to use the bittern water of salt works will be
found in Vol A, part 1, page 231, Kentucky Geological Survey Reports.—J., H, G.
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the low-priced hydrochlorie acid and oxide of manganese mixed,
and if it be allowed to pass slowly from above through the marl
lumps contained in a tall, tight cylindrical receptacle, would
exert considerable decomposing influence upon the silicates.
This process would doubtless Le as expensive as the above named.

The mere mixture of slaked lime with the powdered marl,
when applied to the land, would doubtless be beneficial in accel-
erating its decomposition, and calcining them together at a
moderate red heat might be yet more useful, especially if a
little common salt be added. Indeed, merely calcining the clay
alone, if the heat is not sufficient to fuse it, seems to set some
of its alkaline constituents free; and hence, probably one rea-
son, of the improvement of soil by the old English method of
paring and burning it.

No. 1446.—Marly Shale. “From Sunset Lick, a mile and
a half west of Leitchfield. Geological position: Chester. Col-
lected by Prof. N. S. Shaler.”

A friable marly shale of a greyish and brownish-olive color.
This marl when analyzed by digestion in acids, etc., and dried
at 212 degrees I, gave the analysis as shown in the table.

The silica and insoluble silicates of this clay, when sintered
with lime carbonate and ammonium chloride, etc., yielded 1.20
per cent. of potash and 0.55 per cent. of soda, in addition tol
that given above as extracted by digestion in acids. So that
the total amocunt of potash in the marl appears to be 4.11 per
cent. and that of soda 0.60 per cent.

Some of the same marl shale from this locality subsequently
collected by Mr. P. N. Moore, was analyzed by fusion with the
mixed alkaline carbonates; sintering with lime carbonate and
ammonium chloride, etc., and gave the results as shown in an-
alysis No. 1446 (b).

The apparent excess in the total may be partly due to oxi-
dation of combined iron and sulphur in the marl, and probably,
also, to an over-estimation of the water.

Its considerable proportion of potash might make it useful
as a fertilizer on impoverished land, were it all in an available
condition. But the analyses show that a great portion of it
is in firm combination in the silicates, insoluble in acids.
Whether lime could prefitably be used to decompose these sili-
cates and set free the alkalies is yet to be tried.
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Composition of the Grayson county marls, etec.:

NOBeververnininiraenraees 1788 | 1789 l 1790 | 1791 | 1792 | 1793 | 1746 | 1746-b
Ignition and moisture..| 7.00] 8.25 6.13] 4.24] 3.67, 9.87| 6.23] 6.00
Sillca vevvvrereniniinnen 74.36] 68.38) 44.76) 59.92; 58.96] 60.76] 71.58| 60.06
Alumina ............... 14.45] 12.28! 26.22) 27.81f 25.75| 23.07| 19.13| 14.13
Ferric oxides............ In AL| 7.58/In Al..lIn A1.|In AliIn Aljln Al 13.48
Lime sovvevecacrcocenans 1.16| 1.38/ 9.16] .88 1.58' 1.18| 0.26fj 0.53
Magnesia cecoercecccnns 1.71; 1.64] 6.62| 0.82; 4.43] 0.49; 0.35] 1.15
Potash ...cevvenveecansn 4.24| 5.04; 4.94] 5.55| b5.14] 4.09| 2.91) 4.62
S0da ..cevenctnnnonann ../ 0.94) 1.06/ 1.06; 0.65 0.34] 0.43] 0.05 0.78
Phosphoric acid ........ 1.08|.cevuefenenn. | S PR I [P 0.26; 0.20
Sulphuric acid.......... jereee cesseo| 1.08f 0.10/ 0.10, 0.08] 0.02] 0.28

l

GREENUP COUNTY.

No. 2664.—Flint Fire-clay. Is the “No. 1” clay of the Ty-
gart Fire Brick Co., Fullerton. Thickness, sixty to eighty-four
inches. Collected by V. U. Grider, 1903. Analysis of air-dried
sample by S. D. Averitt. :

No. 2665.—The “No. 2” fire-clay of the Tygart Fire Brick
Co., Fullerton. A gray, shaly clay. Collected by W. TU.
Grider, 1903. Analysis of air-dried sample by S. D. Averitt.

No. 2664 No. 2665

MOIStUIE tivveeeirinrcnenereennneennenenenncnansonenenns 0.51 } 0.68
TEDIEION veverenneeeeieneeteeeinieeeeeereaaeneneenenns ( 14.13 | 6.58
T P | 42.52 . 67.54
AIUMINE o .tetereniettieeernereierrnetineeraneenananenes | 35.81 | 19.93
Ferric oxide ..vciviiiiiiiniiiiiiiiiereteeeancnecnacananen | 3.24 '+ 1.26
LAIN@ +ntneennennennenneaneesenetneeneaneeaeeaneanneanes [ 0.3¢ | o.29
DMAETIEEIA «ueueneneencnnnennsenraneonnensesseenssensnnenns | 012 | 0.14
5003 - 1<) + T 1 0.20 | 1.41
Soda ..eeerennnnnan.. e eeeeeaaereenaaaaaenreeranntrearnan ! 0.20 i 0.22
Titanjum dioxide .....ciiiiiiiiiiieiiiinennnann P ' 2.00 [ 1.60
Sulphur trioxide ......... b enessssesovesasessenscssvannsas ‘ 0.09 | 0.12

!

| 99.16 ; 99.77
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HART COUNTY.

For analyses of Hart county ciays see Part I. of this Bulletin.
HENDERSON COUNTY.

Clay from under the coal mined by the Utopia Coal Co., on
Green river. Collected in 1903 by H. P. Mc¢Donald. Thickness,
four to five feet. A gray clay with smooth, polished surfaces
and plant impressions. Analysis of air-dried sample by Dr.
A. M. Peter:

Per cent.

005 £51 71 3 - £.49
Combined Water, etC. ...cceveeirreeeerersnersocsssessarcens 5.86
Silica .ciieiieneennns e seenseestcerenttanentactoranaranes 56.78
AIUMING «.ocinierereeantcnaonesesssoscsssosesssssnsecnsens . 23.48
Ferric oXide ...cceiieeeriiransessesssonssasssssssonsessanes 2.82
LI tivveinneeeneseeeaaseosasassessscsnsaassassssonssonnnse 0.47
MAZNESIA ...uccvecnncnceoncscssoeacsosossacnesascssacsssnse 1.26
POtASH vvivveceeernonncessanssssssssssesssssasseseonancsssas 3.36
SOAB vuvvrnernannnnrenaecaasens e rteeerererarereaeaaas 1,04
SUIPRUL tiviiienianresaessnsnseseotssacssssoecssasasancances 0.58
Titanic OXide ccoveeececcssssacscasssosancenssnsncesssannses 0.60
101.74

The clay contains too much iron and alkalies to be useful
for refractory purposes.

JEFFERSON COUNTY.

No. 2165.—“Shaly Clay (or clay shale) in the limestone
layers of the ‘Cincinnati Group.’ Lower Silurian. Jefferson-
town.” Collected by Rev. H. Hertzer.

A friable shale, generally of a lilac-grey color, but with some
whitish portions. When powdered, it is quite plastic with
water. It calcines of a light brick color, but before the blow-
pipe it fuses into a dark-colored slag.

No. 2166.—“Shaly Clay, of the Keokuk Group, from Cox’s
Knob, Jefferson county.” Collected by Rev. H. Hertzer.

Generally of an olive-grey color. This also is quite plastic
when powdered. It calcines of a very light brick color. Before
the blow-pipe it fuses into a dark-colored slag.
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No. 2167.—“Shaly Clay (or clay shale) of the Keokuk
Group. From the old Deposit Station, Jetlerson county.” Col-
lected by Rev. H. Hertzer.

A friable shale or indurated clay of a light buff-grey color,
with ferruginous stains between some of the laminae. Quite
plastic when powdered. It burns of a light brick color, and
fuses before the blow-pipe into a dark-colored slag.

No. 1069.—Marl. Labeled “Marl from Chenowick creek,
Jefferson county, Ky.”

A greenish-grey, clay-like substance, with some thin brown-
ish infiltrations. Dried at 212 degrees F., it lost 0.90 per cent.
of moisture.

This would prove a valuable application to exhausted land.

Following are the analyses of these Jefferson county clays:

J No.2.5 | No. 2166 | No.2167 | No. 1069
[gnition and moisture................. 9.23 5.96 6.49 2.19
13311 U eoeas] 47.96 53.84 61.90 59.90
ATuming ..veeerrreneeieieiienenenannns 21.34 19.94 18.52° 7.26
Iron oxides..covriviineeanenninnnnnnnns 6.60 6.00 6.22 In Al
LimMe ..vieierecnererennnnscnacenenanns . 5.82 3.22 0.12 a26.88
DV E:7-0, 11T T I 3.52 0.85 1.25 1.68
Potash .ovvieieveeniriinirnnnennnnnes. 5.26 4.49 4.86 0.96
8008 cviiiriiiiii ittt 0.25 0.68 0.61 0.01
Phosphoric acid ...........cevinnn.. Tr. ~ Tr. Tr. 0.69
Sulphuric acid soveviiiiiiiiiieiierine]ierniieeen]irienenas Tr. | 0.40 *

L

a. Lime carbonate.
KexToN COUNTY.

No. 1581.—“Silicious Grit at first tollgate, two miles from
Covington, on Lexington Turnpike. Collected by Prof. N. S.
Shaler.” :

A brownish-grey, ferruginous impure sandy mass.

No. 1582 —“Rilicious Grit from same locality as preceding.
Tsed for ‘moulding sand.” Collected by Prof. N. S. Shaler.”
An impure, reddish-brown friable sandy mass; infiltrated
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with iron oxide; varying in tint from grey to deep brown. The
sand grains are rounded.

The amount of alkalies contained in these impure sands is
somewhat remarkable. They exist in them, however, mostly in
the insoluble silicates, and were separated in the analyses by
the process of fusion with the mixture of lime carbonate and
ammonium chloride, ete., according to the method of J. Law-
rence Smith. Notwithstanding the unavailable condition of
these alkalies, these sands might prove useful additions to heavy
clay soils, more especially because of their notable proportion
of phosphoric acid. For this purpose, however, they could only
be employed in the close vicinity of their beds, as they would
not pay for long transportation.

No. 1583.—“Clay, supposed to be in the Cincinnati Group
of the Lower Silurian formation. Lexington Turnpike, two
miles south of Covington. Top section just below that of the
preceding grits. Collected by Prof. N. 8. Shaler.”

- A laminated or shaly clay of handsome light-buff and bluish-

grey, alternating.

No. 1584.—Clay. “Clay-pit at brick-vard. Head of Russell
street, Covington. Average of the nine-feet section. Collected
by Prof. N. 8. Shaler.”

A yellowish ferruginous clay; mottled with light bluish-
grey ; containing fine silicious grains.

No. 1585.—Marly Shale. “Junction of the Ohio and Licking
rivers, twelve feet above low water mark. Cincinnati Group.
Collected by Prof. N. S. Shaler.

A fine-grained, dark-grey shale; dull; adhering somewhat to

the tongue.

No. 1586.—Marly Shale. Labeled, “Fine shales, between
impure limestone; five feet above low water mark. Whitehall.
No fossils. Collected by N. S. Shaler.” .

A soft friable shale; dark-grey in the fresh fracture; adher-
ing to the tongue.

These marly shales would undoubtedly be valuable for top
dressing poor light soils in their vicinity, notwithstanding most
of their alkaline ingredients are in a state of combination which
renders them, for the present, unavailable for plant nourish-
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ment. The gradual action of atmospheric agencies and of hu-
mus, as well as that of the lime, will eventually bring them into
a soluble state. The latter two may be considered the best for

this purpose.

Iollowing are the analyses of these Kenton county clays:

No. 1551 | No. 1582 | No. 1583 | No. 1584 | No. 1585 | No, 1586
Ignition and moisture... { 4.50 5.10 7.10 3.65 3.85 5.20
Silica ...... teecerereanans 77.46 | 7570 { 56.40 | 68.36 43.46 47.16
Alumina and iron oxides.l 16.50 15.79 | 29.97 22.25 21.00 22.85
Lime .oveevrveneesencenns ; 0.48 0.66 0.76 1.00 27.04 20.14
Magnesia soeveveeivennnan l 0.12 0.21 1.51 1.18 0.68 0.84
Potash ....... tereeeraaee ; 0.82 0.84 3.53 2.13 2.44 2.30
Soda .seeieeiiiiiiiiiinan. ! 0.58 0.76 0.55 0.90 0.91 1.59
Phosphoric acid .......... ‘ N.E, N. E. 0.16 [eieeenenfeneneen. cenee
Sulphuric acid ........... I N.E. | N.E. | veeaoan 0.25 0.60 0.12

Lawnrence COUNTY.

Clay parting, seven inches thick, in the Peach Orchard coal,
Peach Orchard mines. Collected by A. R. Crandall.

Ignition and moisture

..................................... . 10.32
£ L Cettseteetencscancanenasenn 55.60
Alumina, with traces of iron oxide.....covviiviiiinrnnnnnnns 30.04
Lime CArDONAE civveiviiereenreneeesnnrecnssrsosnennocanss 1.74
Potash ...... tresrsaens Ceeersaceceneretnctaccennn eeeeneens 0.20
80d82 ciiveiriiennaens Ceeenteieitsetteiacreccsttesneesscenaen . 0.40

98.30

. For a shale clay this comparés favorably with the fire-clays.

LincorLN COUNTY.

No. 1873.—“Clay, from the headwaters of Green River, on

the land of Mr. Thos. W. Varnon.

Bed two to four feet from

the surface, and said to be forty-two to forty-five feet thick;

T A Salt water
is found by boring, at the depth of eighty-four feet, and some
little petroleum in the sandstone. Sent by Senator Varnon.”

resting on black shale which is fifty feet thick.
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Clay imperfectly laminated, of a dark olive-grey color. Fuses
before the blow-pipe. Burns of a grey-buff color.

The considerable proportions of the iron-oxide, lime, potash
and soda prevent this clay from being refractory in the fire.
But while it is, therefore, unfit for the manufacture of fire
bricks, it will yet answer well for ordinary pottery, terra cotta
work, or tiles.

Following is the analysis of this clay:

Ignition and moISture.....ovvevierrerereirirecncsnnsnnensns 5.70
S L 61.58
AlUIMINA ..itrettttinenneenineessosaossesenassessssossnssss 23.94
Ferric 0Xido vvveverninieinrenencnreesreeocsesnnsssonnanes 5.81
L viiiiiinnniineteinreenessecnsncssceassasansssancsanss 0.20
MagnesSia ....vvviereerinineeanencrsracncterornasssoarronns 0.8
8 o017 1= R 1.54
SO0G2 .evvrrinnneerreneanssonsenssccsssesanssrsssssosasacnes 0.36

93.98

For analyses of ofher Lincoln courty clays see Part IL of
this bulletin.

Mapisox COUNTY.

No. 1876 (a).—“Potter’s Clay (quality No. 1). Upper Si-
lurian. Waco, nine miles east of Richmond. Collected by A.
R. Crandall.”

A light-grey soft clay, with some ochrcous stains and infil-

tration.

No. 1876 (b).—“Potter’s Clay (quality No. 2). Same lo-
cality as above. Of a bluish-grey color.”

No. 2496.—Shaly Clay. “From land of James Walker (I
W. Lewis), two miles south of Bobtown, about one hundred
yards to the left of Big Hill Turnpike, almost opposite Lewis
blacksmith shop. Bed four to five feet thick. Sample of the
upper ten inches. Collected by Moritz Fischer, June 21, 1884.”

A laminated clay or soft shale, of a light-grey color on the
exterior; darker colored and browmsh vellow1sh grey in the
interior.
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No. 2497.—Shaly Clay. “I‘rom same locality as the pre-
ceding. ete. Sample from ten to twenty inches below the sur-
face. Collected by M. Iischer.”

Darker colored than the preceding; of a light olive-green
color.

A small quantity of titanic acid was found in No. 2497, but
2496 was not tested for this substance,

No doubt comon pottery and terra cotta could be made of
this elay, ground and properly tempered with water. It con-
tains too much potash, lime and iron oxide for the fire-clay.

If its potash were not in close chemical combination with
the other elements of this clay, it might be useful as a fertilizer.
Its only profitable application for this purpose would be to a
very light sandy soil not far distant from the clay, as it would
not pay for distant transportation.

No. 2498 —Plastic Clay. “From the land of Gordon Glas-
gow, slope of Bare Knob, three miles south of Berea. Waverly
clay, near the Conglomerate. Collected by Moritz Fischer, July
1, 1884.7

A light-grey, plastie clay. Calcines of a light-reddish color.
Fuses before the blow-pipe. This clay could be used for the

manufacture of various kinds of common pottery, terra cotta
products, ete.

No. 2499.—darly Shale, “On the land of John Pigg, four
miles northeast of Berea, near the road from Berea to the Big
Hill Turnpike, by the way of Bobtown. The locality is called
Blue Lick. Waverly formation, resting on black shale, Said
to be a good fertilizer on black shale and Waverly soils. Col-
lected by Moritz Fischer, August 16, 1884.”

As experience seems to have demonstrated to a certain extent
this shale might be advantageously applied as a top-dressing to
poor, sandy soils. But it would not pay to transport it to any
considerable distance, especially because its potash, although
in quite notable proportion, would be slowly available, being
in pretty firm combination with the silicates; and moreover, its
phosphoric acid is in small proportion. Exposed to moisture,
frost and the atmospheric agencies generally, it would soon dis-
integrate into a clay. Pulverized and kneaded with water, it
would be plastic enough to be used for common pottery ware.
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No. 2186.—“Marly shale; on the road near A. Lake’s place;
300 yards west of Drowning creck. ‘Niagara Group.’ Collected
by John RR. Procter.”

An olive-grey and brownish-grey, somewhat firm shale, mot-
tled in parts; adbering to the tongue. Quite plastic with water
when powdered. Calcines of a light brick color. IMuses before
the blow-pipe into a dark brown,. nearly black slag.

No. 2187.—“Marly shale or indurated marly clay. On the
hill two hundred yards north of Dr. IFreeman’s dwelling. Prob-
ably the same bed as No. 2170 found below, beneath the Cornif-
crous limestone. The bed is six feet thick or more, and contains
gypsum. Collected by John R. Procter.”

Generally in thin, soft, irregular laminae, of a light olive-
grey color, irregularly varied with brownish yellow or ochreous.
It contains gypsum in irregular crystals between some of the
laminac; shows some fossil vegetable impressions, probably
fucoid, on some of the layers.

Because of the large proportion of gypsum (plaster of Paris)
contained in No. 2187, and its considerable quantity of potash,
it would no doubt prove a valuable top dressing on soil and
crops where the use of plaster is indicated. Shale No. 2186
would be useful on soils principally on account of the lime
which it contains, which is equivalent to nearly 24 per cent.
of carbonate of lime.

No. 2168.—“Clay; Milton Barlow; from near Bybeetown.
Bed four feet ihick; in black shale” Collected by John R.
Procter.

Clay of a light, drab-grey color. Irregularly and imperfectly
laminated. Quite plastic. Burns of a delicate light, reddish-
cream color, nearly white. Before the blow-pipe it fuses into
a whitish slag with difficulty.

No. 2169.—*Clay of workable thickness; on the road lead-
ing from Waco to R. Oldham’s, about a mile and a half from
Waco. Probably below the Corniferous limestone. Collected
by John R. Procter.”

A compact clay, generally of a light, olive grey color, stained
irregularly with ochreous spots. Quite plastic. Calcines quite
hard of a handsome light brick color. Before the blow-pipe,
it fuses into a brownish-grey slag.
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No, 2170.—“Indurated Clay; farm of C. L. Searcy, near

Elliston. Beneath the Corniferous Limestone., Bed ten feet
thick or more, Makes a good soil®” Collected by John R.
Procter.

A light, olive-grey, laminated clay, mottled with ochreous or
orange-colored ferruginous infiltrations. The laminae are con-
torted. It is quite plastic. Burns of a handsome flesh-color.
Fuses into a grey slag before the blow-pipe.

These are good plastic clays for the manufacture of ordinary
pottery ware, as well as for ornamental articles of terra cotta,
for which use they are adopted because of the pleasant tints
they assume in calcination. They owe these tints to their con-
siderable proportion of iron oxide, which, together with their
large proportion of potash, renders them unavailable as fire-
clays. This very circumstance, however, may fit them for stone-
ware, and for superior kinds of hard, burnt, semi-fused, orna-
mental pottery in the hands of skillful workmen and artists.

TFollowing are the analyses of these Madison county clays,
ete.: ‘

-g-ug 8 i E% g % g 3
Y |2B8| 2| B ER| £ | § | £ | &
&8 4 | ™ g | ™
!
Madison ....... 11876(a),  7.02) 59.97| 27.64In AL] 0.28] 0.60] 3.93; 0.54
Madison ....... |1876(b)| 10.53] 56.96, 28.74|In ALj 0.20] 0.75] 2.50| 0.31
Madison ........ |2496 | 8.09; 59.00| 24.64In AL| 1.45; 1.09] 5.50{ 0.21
Madison ....... 2497 | 15.54) 42.56; 20.98In AL] 8.68] 7.24; 4.81] 0.16
Madison ....... 2498 | 20.01) 48.00| 13.38| 3.90 1.60] 4.03. 3.79! 0.27
Madison ....... 12459 | 3.97; 68.44; 20.18/In AL| 0.14] 2.86] 3.67, 0.74
Madison .......02186 | 16.22; 42.30| 20.84 +4.12| 13.32° 0.46] 2.38 0.35
Madison* ....... 2187 | 5.87] 48.78) 17.32] 3.24, 19.28) 0.49) 4.76] 0.24
Madison ....... 2168 | 6.97] 62.56) 24.78] 1.80| Tr. 0.31/ 3.27, 0.29
Madison .......2169 | 6.16! 64.56| 20.16; 4.20| 0.21' 0.64) 5.05! N.E.
Madison ....... {2170 | 4.14] 62.58 22.94! 3.76| 0.56] 0.42 5.28! 0.30
! 1] 1

*The determination of lime in this analysis is as carbonate.
Additional analyses of Madison county clays will be found
in Part II. of this bulletin.
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AMAsoN COUNTY.

No. 1130.—Marl, Labeled, “Earthy portion between the O.
iynx beds of the upper blue limestone, edge of Mason and FFlem-

ing counties.”

A fine-grained, dark-greenish-grey rock. Not adhering to
the tongue. Dried at 212 degrees F., it lost 0.40 per cent. of
moisture. It might be used with advantage on exhausted land.

Following is the analysis of this marl, sample dried at 212
degrees F.:

Ignition and mMoOIStUre...ccvveasecssresnsscscrsscnssssanns 0.791
Silica and insoluble silicates.....ovveereniirnrecanonenonans 78.180
Alumina angd ferric 0xXide.ssecueeesrrersesnecsnisosecnarsons 8.020
Lime carbonate..ciieieieeeatecerrcssceaenseancnscrsnsass 7.380
MAENESIA coecerarensreasnancsscestasssesssssccccasssnnnss 3.105
POtASh siveeacecevessssracsasssssarosasosecsnsosssossssosa 0.722
SOAB +vveeescsnscocnvarsassossoocsseasssssscosssvsssansane 0.170
Phosphoric acid ..ceeeercasceceresrcesscerccssoacassassess 1.040
Sulphuric acid ...ecvccecrineiricicscncratctnasccocesanns 0.592

100.000

Analyses of other clays and shales of Mason county will ap-
pear in a subsequent bulletin.

MEADE COUNTY.

No. 10804.—Calcareous Marl, sent by J. R. Willett, of Bran-
denburg. A nearly white material, resembling clay in appear-
ance. Analysis by A. M. Peter, 1903.

No. 10911.—Clay, sent by J. R. Willett, Brandenburg, from
bank of creek near the Ohio river, about ten miles below Bran-
denburg. Analysis by A. M. Peter, 1903.
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Analyses of air-dried samples:

No. 10804 | No. 10911

B €3 ] 1§ - 1.35 2.04
Combined Water, €1, voeevveeenneinrinreesonsreonnnnnnes 29.92 06.45
1331 23.79 61.24
Aluming ...cviiiiinnnerroeenenesnsencnnns treresessseenane 6.57 17.03
Ferric 0Xide vonveiiiieieeiineirienienenenesensossecansns 2.02 6.12
5 1 34.73 1.20
MABDESIR «1eerrnneeernnsrennsrenseonersosnesasssoseennens 1.81 | 0.57
o1 7 1) A I, i 0.78
SOUB tivreeresrseacsonsssosssscssascacecsncesosesnnnnnsone 0.37
Sulphuric 8cid sveveeiiineriientnecriorencacracenseraceans 0.25 0.03
Phosphoric acid «...e00nvveennns tresesesessecenstraranrnes trace coene

100.44 98.83

Commenting on No. 10804, Dr. Peter says: ¢“This material
contains nearly twice as much silica, in proportion to the alam-
ina and lime (the latter being equivalent to 62 per cent. of car-
bonate of line), as is required to make Portland cement; but it
might be used in combination with a clay very rich in alumina
and a pure limestone.” The clay, No. 10911, is suitable for use
in making Portland cement.

Analyses of other Meade county clays, marls and shales will
appear in a subsequent bulletin.

McIL.eAN COUNTY.

Clay from under the coal worked by the Green River Coal
and Mining Co., Island. A dark grey clay, with polished sur-
faces and plant imprewionq Thickness, four feet. Collected
by H. P. McDonald, in 1903. Analysis of air-dried sample by
Dr. A. M. Peter:
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Per cent.

MOIStUre 4.veeeeeerereeerieiiensecaaranessecancsnscnsncsss 1.51
Combined water, etC. ....viieiereerorenaerrcnncsoscsansssns 7.86
£33 T vee. 54,83
AJUIING . .vvvitrrrerueestvncercesoessssssessssenans eeevess 20,32
Ferric OXide «.ocveescsrcerroscnoarnncssssnsssnrosssnnnnnns . 4.66
LAINE tevvveerecenossoassasasassssncsossassssacsasarnnnanns 1.42
Magnesia .o.ciciiiiaiictiariacceretattescesarrsennns ceveee 1.64
POtash ..vvviirniierincstcacsesssronsssnsrassonronnes ee o0e 3.52
1o - TP 0.72
Sulphur ....ccoveeviiennnens [ teesssetsnrsnseoaranans .. 2,04
Titanic oxide ...c0.vv.. ceesssanane tesesseetttatesrensanans . 0.45
101,97

The clay runs high in iron, sulphur and alkalies. It will
not serve for fire-bricks.

MUHLENBERG COUNTY.

No. 1613.—Clay. “From Ross Coal Mines, Owensbhoro June-
tion. (Fireclay below the coal in the lower drift.) Collected
by C. J. Norwood.”

A dark-grey, soft, shaly clay.

Much of the sulphur and iron doubtless exist in the clay,
not as sulphuric acid and iron oxide, but in combination, as
iron sulphide. The considerable proportions of potash, lime,
magnesia, and iron oxide may prevent this from being a very
refractory clay; although it may very well answer for the man-
ufacture of stoneware and ordinary fire-bricks.

Following is the analysis of this clay:

Water and JgDItion. . covvvieneeerenrcrcnanearsennse cooanse . 4.19
SICa teeiiieieeiietiirsorssieancssocnsnncnnns esseraane ... 63.18
Alumina and iron oxXideS......cvivveerrnreeseccisiseceanens 26.28
LIMe tvvvcuvneeeessonorssosasosesasanssesassessascanenanons 0.20
MaAZNESIA toviiiisiisirsenrossesocsassossscsasssssenonnnnns 0.26
Potash ..vieeeeavirecrccncsencnacssenns teseesesanrasenanen . 2.00
S008 t.ciiiiaciiarraisatrsronccenesaraaons teeesaasens veseses 0.42
Phosphoric acid......cveeeierenecersaesccnscsccsens verees .. 0,17
Sulphuric acid.....ccvveveeccennn. teesevessasnsreans seeeees 3.28

NELSON COUNTY.

No. 1189.—Marly Clay. Labeled, “White Clay (or sub-soil)’
near the road on the farm of Mr. Stephen Cambron. South of
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the 126th mile of Base Line, Nelson county. (Procured by S.
S. Lyon.)”

A greyish-white clay, mottled with yellow.

No. 1190.—Clay. Labeled, “Yellowish Clay (or sub-soil),
found immediately under the preceding, ete.”

A brownish-yellow, ferruginous clay, or sub-soil.

These clays might probably be used with advantage on soil,
in their immediate neighborhood, which has been exhausted by
long culture or which is deficient in lime, alumina, phosphoric

No. 2216.—“Marly clay, at the base of the Carboniferous
series; probably on the Keokuk horizon. Part of the section
eontains thin beds of clay iron-stone; but beds of many feet in
thickness can be obtained. Nelson county. Collected by N. S.
Shaler.” ’

This clay is quite plastic, when powdered, and calcines of a
buff color. Before the blow-pipe it fuses into a dark-colored
slag. This clay may be employed for terra cotta work or other
pottery not to be exposed to a very high temperature in burn-
ing; but its large proportions of iron oxide, lime, potash, mag-
nesia, and soda cause it to be readily fusible. Its proportion
of phosphoric acid was not determined, but its other ingredi-
ents, mentioned above, especially the alkalies and lime, may
make it a valuable marl for top-dressing light and exhausted
soils,

Composition of these Nelson county marls, ete.:

No.118) | No.1190 | No. 2216
Water and Ignitlon.....oovvuiiiiniiieiieninnnn.. 12.50 11.30 3.38
13 41 PRI 52.68 54.28 61.10
Alumina ...oiiiriiinieiiiiiininrreinneercanenns 12.96 15.34 15.20
Ferric oxides..oiivieiiiiiieniiiiniivinennnnnen, 6.74 12,94 6.00
Lime (iiveiieinnneniieioreceoeassesnnncaneonnnns al2.38 1.98 4.90
MAagneSi® coeeeinrniesarisereseeesoerensscannnnee 0.38 1.21 1.54
POtaSh tuuerneesenennoraresceeeeennencenacenanss 2.84 1.37 4.10
3] - N.E. 0.12 0.82
Phosphoric acld..coeuieiiiiiineieieinninnnnones 0.25 N.E [...v0
Sulphuric 8Cid c..vivernnerinaneeeeneenennnrans N. E. 1.08 .......

a. Lime carbonate,

For analyses of other Nelson county clays, see Part II. of
this bulletin.
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OHIO COUNTY.

No. 2074.—“Indurated Clay, brlow Coal J., mouth of Brush
Run, on Rough creek. Collected by C. J. Norwood.”

A dark-grey shaly-clay, with impressions and remains of
reed-like leaves, and some ferruginous stains.

No. 2075.—“Clay, from pear Elm Lick, on R. B. Thomp-
son’s land. Coal Measures. A good deal used in Louisville.
Collected by C. J. Norwood.”

An irregularly laminated clay, mottled with grey of various
lints, and ferruginous infiltrations. Has some imperfect vege-
table impressions, and minute glimmering specks of mica.

No. 2076.—*“Clay, from Bald Knob Church, Caney precinct,
on the Pinchico Road, about two feet below a coal bed. Col-
lected by C. J. Norwood.”

~ In friable lumps, showing imperfect and irregular stratifica-
tion. Of a light bluish-grey color, with infiltrations ochreous
and ferruginous material, occasionally nearly black, especially
in the cracks and along the course of rootlets which have pen-
ctrated it. Before the blow-pipe it appears to be quite refrac-
tory, not fusing, but softening and shrinking somewhat into
a hard, porcelain-like, nearly white mass. When not so in-
tensely heated, it burns of a light salmon color.

No. 2076.—Contains 5.3 per cent. of fine transparent color-
less sand grains. This seecms to be a very good fire-clay.

Following are the analyses of these Ohio county clays:

No. 2074 No. 2075 No. 2076

Ignition and moisture.......cvvvveeeiiricinnnnes 5.37 l 3.75 7.73
SIlICE veeeverrvrecssvoccaccnscsscnsoravesesasense 69.26 70.86 62.76
AIUMING c.vvveserrenncastotencosscssssossssnaans 16.64 19.24 26.42
Ferric oxide couveerierineraenereseeracaecnnennns l 4.52 3.12 - 1,58
Lime toveneeeerieeerueeseacsssossasescacsasneons Tr. ] Tr. 0.32
Magnesia c.ccevencucnsecraciesveosnsnsncassnssss 0.89 0.42 Tr.
Potash .eoceererinncriaeecisnnccosrrarssssseans 3.10 2,35 0.91
S0d8 tivcitiitiirirtieitacctceaassossatarrtenan I 0.21 0.25 0.26
Phosphoric acid ....ovvviiiiiiiiiiniiiincsisanas ! ............ cereee

I sasene

Sulphuric acid ...cvvvviiiieierinnenenraensonnses , ............
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Clay from under No. 9 coal at Coffman. Thickness, four
feet, A dark grev clay with smooth, polished surfaces. Col-
lected by H. P. McDonald 1903. Analysis of air-dried sample
by A. M. Peter:

Per cent.

MoOIStUTE ..iveirireinereiesecnconcnconceccasscscsnccnncnns 4.31
Combined, water, etC....vvviriveecerorasnscnnseocssoacsnns .. 6.86
SIlICR tverrnnvenreressasesstoressesesocsoscosssacoassnances 58.55
AlUMINA tiiiiririiiiiiiieertetttttrtaranertosestnassacenns 22.17
Ferric oxide ....cvviiiiiriresccarcrrtinnrecsesrnsssscenses 3.48
LIME t0veeeeesosssnnnesossosnssscssnnsassessnnsssnssnsenns 0.86
Magnesia .iieveecivritniiterroteresiacotrrnenesasreronarne 0.92
POtash cevreevceecroreresssorosvssnocrcsessesnccnasssnssnns 2.66
3 - T 0.74
SUIDNUL tieteveseacascscasonscsscrosssancesarssconassnssosnse 1.04
THtanic 0X{de veeeverreeerenrraroseosssssoscaoncsscssssnnnas G.47
102.06

The iron and sulphur are principally in the form of pyrites.

OwEN COUNTY.

No. 1203.—Marl. Labeled, “Shale, collected from the spring
(now dry) supposed to cause milk-silkness. Waters of Dickey’s
creek; a mile and a half from Benj. Hayden’s, Owen county.”

A dirty-buff and brownish ferruginous clay-like substance.

Following is the analysis of this clay:

Ignition and mMOIStUre. . ... ieriieinrerinereraveronsorones . 8.99
SillCa +.cciieeceerensresssseserconssosccssnsnncssnns seseaes 29,24
Alumina and fron oxides.......ceviveririrerennercccannne 19.94
fime carbONAte. .uvvvrreiieierattrrenesracscsasnesassroasae 34.58
MAENEBIR v eeecereeoneencsvonscesscasssssonsssocsossssasnsass 5.28
POtASh ciieeierierenncncrcrssocessaasscocassocsvasanssasnss 0.64
20T - er  eses
Phosphoric acid ...oviiveiiicerinsireseenssrscrscnscssenens 0.93
Sulphuric 8cld.....ovieiiirriiiieicirorrnsavencncoanss seeee 0,37

PowELL COUNTY,

For analyses of Powell county clays, see Part I. of this
bulletin.
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PULASKI COUNTY.

No. 2427.—Marly Shale. “From south of the Cumberland
River, on the line of the Cincinnati Southern Railroad. Col-
lected by W. H. Pettus, October, 1880.”

A very friable marlite, generally of a light-chocolate color.
Adheres slightly to the tongue. Notwithstanding the rather
more than 4 per cent. of potash contained in this shale, it could
not profitably be used as a fertilizer, because most of the potash
is in firm chemical combination with the silicates, and the pro-
portion of phosphoric acid is very small.

Following is the analysis of this marly shale:

MOIStUTE .eevveceveencenosascsssecssssssncsascsassssssavans 4.92
Silicious TeSidUe ....cceerecerscessrescecssecassnasssssss 69.94
Alumina and iron oXides......c.ceeeiieeeeeirnnennrensnanas 15.81
LA teeeerevcrccaossnsecrcccaasvossccsssacsoassossnssssssas 3.47
MAEBNMESIA ceeoreerreressosesssssnsncsssansasssssscsssssnenss 0.54
POtASH vuveceveesossrsssssosnsoneasssvecascnsssnsevsssosons 1.66
1 15 - Y e 0.03
Carbonic acid and 108S...cveeerriernersnecacaseccennossnnes 3.60
PhoSphOric 8CIA ceeevrreccrrsesnosncconcecesanscoanssssanss Trace

In the silicious residue (69.94) are 2.36 per cent. potash and
.230 soda. Total potash, 4.026, and soda, .263 per cent.

ROCKCASTLE COUNTY.

No. 1951.—%Clay, from Pine Hill coal mines, Rockcastle
eounty. Collected by John H. Talbutt.”

A light-grey plastic clay, mottled with ferruginous spots.
This clay was only examined for its proportion of alkalies. It
was found to contain of potash—3.083 per cent. of dried clay
at 212 degrees; soda—0.524 per cent. It therefore would not
probably prove to be a very refractory clay.

Analyses of other Rockecastle county clays will appear in a
subsequent bulletin,
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RowAN COUNTY.

No. 2625.—Shale from the stripping of the Rowan County
IFreestone Company’s quarry at Farmers. The shale lies im-
mediately above the stone. Thickness, forty-two inches. Aver-
age sample of hard, dark gray shale, somewhat soapy to the
touch, Geological position, Waverly. Analysis of air-dried
sample by A. M. Peter, 1905,

No. 2626.—Alixed Shale, lying above No. 2625, with an in-
terval of ten feet between the two. Thickness, four to ten feet.
An average sample of mostly greenish rather soft shale, but
with some brown shale. Geological position, Waverly. Analy-
sis of air-dried sample by A. M. Peter.

No. 26256 No. 2626

MOISEUTE tevivriiiininriereorrorcocsacosassrsncssoronnnees 1.07 1.02
Ignition (combined water, etc.).....civiiiieniannennnnnnns 6.47 6.25
Silica suevrieneiiiiniiititiierestreittttttiittioresennonns 59.64 59.44
AlumIng ...iiiierriiiiiiiiiierciieteriiietirrtettrtanons 21.49 18.93
Ferric oxide ..cciviiiiiiriieiacientiresetrreccnncenaonss 4.22 6.59
LiIE tviivenoneesearssscanssnsececsoantasanssssnssassanss 0.28 0.36
Magnesia ....cveeerriiirtriitcioresinssiosctsasastosannes 1.19 1.30
POLASN cu.vvveriirocesnccresonssssscsssossssasssasssasasss 3.51 3.45

Soda and trace of lithia

................................... 0.47 0.42 .

Titanic oxlde ....ccvveerniiiiiii i 1.25 | 1.25

Sulphur trioxide ......cccieiiieieiiniiiiriiiriasinssaans trace | trace
99.59 | 99.01

Each sample should make good brick, either paving or
builders’, if properly prepared and burned.

UNION COUNTY.

No. 220.—Marl. Labeled, “Marl, taken from a bed four feet
thick, overlying a bed of coal eleven inches thick, near the top
of a hill, on the land of Francis H. Shouse, Union county, Ky.”

In greenish slate-colored lumps, containing fragments of
encrinal stems, small cyathophilli, pieces of fossil bi-valve
shells, and fragments of small coral stems.
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Ont thousand grains, washed with water, with careful tri-
turation in a mortar, left 598 grains of mixed sand and frag-
ments of fossils, of which 309 grains, principally of fine sand,
passed through fine bolting cloth. Dried at 400 degrees, this
marl lost 1.92 per cent. of moisture. This might be used as
a top-dressing to increase the fertility of poor, silicious, or ex-
hausted soils in its neighborhood, but would not pay its car-
riage for any great distance.

Following is the analysis of this Union county marl:

Moisture and ignition ....cccveeveeeriiiiiiicrererrrocnsass 7.06
SIlICa sveevernreversnnssanssrencssosssssrsasssssosssasnnnne 32.67
Alumina and iron oxXidesS....cccveevvivrrrrrnnrerencencerans 6.70
Lime CATDONALE vueuvnernrneensesensasceasansosnacsanannnes 50.85
MaBDeSi® cooeeeinccercterssioscccsssscarsnsssrscnsesarsssse 0.69
Potash sieeviienenancenencnserocacses ebenerecatesaenosenans 0.31
£ Jo T £ Y teecsterserseennrsanrnacas reveene 0.16
Phosphorfc acid ...cceveceeecrenscscessaccsasenscosassnanes 0.28
Sulphuric 2cid ..ceveeeresnsiecscssasecsnnansecsaesssessens 1.36

No. 2583.—Soft, light-brown, calcareous material, labeled
“From Bald Hill, near the ‘Foot Print Rocks,” Union county,
Ky. Shows thickness of about fifty feet. Collected July 14,
1904, by C. J. Norwood.” Analysis of air-dried sample by A.
M. Peter.

The material was in the form of powder and soft, chalky
lumps. It was easily made to pass through a 40-mesh sieve
without grinding, leaving only a few fragments of snail shell
and a few small, tubular casts.

Analysis of the air-dried sample:

Per cent.
MOISEUIE vvvvvenenvnsvocsssaccssosscsansessnssoscasssssanns 0.88
Ignition (carbonic acid, combined water, etc.)...covvuenenns 13.95
SilICR vvecvereneocorocnassocsosncosssessasssasseensassnsnns 57.16
AlUMING (.oieeriiineetoareresransccrrassstsressscnserananns 7.84
Ferric oxide ...... feerecrrotacsnnenatsassarsessncenastennns 2.40
LiMe ceviiereeatnenencesvorsnucosesassannassonnsssnsssnnss 9.28
MABDESIA vvvvvenreneavonocoennrencsaosasssascssaccasassons £.71
b 501 ¥ V- Y 1.70 .
£ 75 Y 1.00
Titanium dIoxXide ..cccecerrriaiaairecessscassssssansrsannan 0.50
Phosphates, sulphates and nitrates ........ccciveveivnneas traces

TOta]l ..vevvveanavercancscesnanssscassesssscnes ceeeess 100.42
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Chemist’s remarks: “The lime present (9.28 per cent.) is
cquivalent to 16.57 per cent. of calcium carbonate. The ratio
of alumina and ferric oxide to silica is too wide for Portland
cement, but this material might be used for that purpose in con-
nection with a clay containing much alumina and a limestone
free from magnesia. On account of the very fine sand it con-
tains, this material might be used as a polishing powder. It
could be of some value as an agricultural marl on land needing
lime or inclined to be sour.”

WARREN COUNTY.

No. 2798.—NMarl from near the bottom of the St. Louis
Limestone beds, near Bowling Green, about 100 feet above Bar-
ren River. Sample from the top, middle and bottom of a four-
foot bed. Average sample. Collected by M. H. Crump, Civil
Fngineer, April 30, 1885.

Of a light grey color, portions with ferruginous stains. Plas-
tic with water. Powder of a light buff color. Calcines nearly
white, with a light reddish tint.

This mar] would be beneficial as a top-dressing to light sandy
s0il which is deficient in lime. It could also be, no doubt, con-
verted into water cement of the character of Portland, by proper
admixture with more lime and calcination. This marl may be
said to contain a little more than 43 per cent. of clay (exclusive
of moisture), and nearly 44 per cent. of carbonate of lime.
GGood artificial Portland cement is said to be made in England,
ete., from a mixture of 21 to 23 per cent. of clay and 77 to 79
per cent. of chalk (which is nearly pure carbonate of lime).
Ground limestone could be used, the best proportions being
found by actual experiment.

I"ollowing is the analysis of this Warren county marl:

Moisture and ignition..........oviiennnnnn... ceterearenenane 4.17
Silica coversennesees ettt iiteeete e, eerrieieaaaas 28.18
AlUMINA toveeneencsssreessoescsencesssnaassoncssseanennnna 11.63
Ferric OXideS sueveceresceasortenensosssnsnasossoncassennans 2.96
Lime cArbonate c.veerseetrecreeicsonensncesnsnreronssnanees 43.76
Magnesium carbonate........oiiiiiiiiiii it iiiiciia, 6.32
o7 V- 2,12
B0dA severcnncevessonsascrtacnasasssascssasrsnsesanssa veaes N.H,

Phosphoric acid .oveviiiiriiiiieieiiiiiiiiieineerencconiaaes 0.24
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WHITLEY COUNTY.

No. 2522.—Bituminous Indurated Clay. “From a bed about
five feet thick, which has, near its center, a four-inch streak of
what seems to be iron carbonate containing bright specks of
pyrites. On the line of the Xnoxville branch of the L. & N. R.
R., near Brummitt’s Station. Sample sent November 20, 1833,
by Thos. W. Varnon, Esq., Mount Sterling, Ky.”

A soft shale or indurated clay, of a dark slate color, with
some minute specks of mica, and in one of the pieces an im-
pression of a reed-like leaf. Breaks in irregular, imperfect
laminae; is soft enough to be scratched by the nail. Does not
soften much in water unless when pulverized, when it forms
a very tough, plastic clay. Before the blow-pipe it fuses with
difficulty into a yellowish-grey, blebby mass.

It would answer, no doubt, for the manufacture of stone-
ware, as it burns of a buff-grey eolor, and many terra cotta and
other varieties of pottery could be made of it. It contains too
much potash, soda, lime, magnesia and iron oxide for a fire-clay.

No. 3034.—Clay; from a bed five feet thick, on Indian creek.
Sample collected by A. R. Crandall, March, 1889,

A friable, indurated elay, of a buff-grey color. Refractory
before the blow-pipe.

No. 8035.—Clay. “Jellico Clay,” Whitley county and Ten-
nessee. A white indurated clay. Refractory before the blow-
pipe.

Both these clays are good fire-clays. The large proportion of
silica in No. 3035 would make it quite refractory.

TFollowing are the analyses of these Whitley county clays:

, No. 3034 No. 3036
Moisture and 1g0ItOD. .. .ueeeeiiiiiiiaiiiiiiiiiiiaa 6.56 l 1.56
SHICA +reoaooeocccssvorsssssscssacssasaseersassnsasssnsvan 59.10 84.76
AlUMING ovevevocacrserssoasssnsssssssssassssasssasscasanns 29.76 11.40
Ferric oxXides .oveceecticicncenonscanesonssososnasosssnansns Tr. | Tr.
TATNE ovvvveeeneanonecansnnacassassssecssssssansnssssnnnss | Tr, | Tr.
MAZNESIA ovveveeeecrrussssaesasasssssensensosanssaassrans 0.72 0.65
POtASN tievevrreesnncsassosssasssaacasassssncssonnasasanne 3.86 1.58
SOAA e uvenrnnesasearoraensnnsasaasasssssnsossusrsasasanas Tr. . 0.05
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