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INTRODUCTORY LETTER.

KENTUCKY GEOLOGICAL SURVEY,
LexingToN, Kv., April, 1878.
Professor N. S. SHALER, Director Kentucky Geological Survey -
DEear Sir: I have the honor to make herewith a report of
the results of the chemical work performed for the Kentucky

Geological Survey from February of last year up to the pres-
ent time.

CuHeEMmicaAL L ABORATORY, }

Very respectfully,

ROBERT PETER.
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CHEMICAL REPORT OF THE SOILS, COALS,
ORES, PIG IRONS, CLAYS, MARLS,
MINERAL WATERS, ROCKS,

&c., OF KENTUCKY.

Of the chemical analyses herewith reported, more than one
hundred and thirty in number, seventy-four are of soils, sub-
soils, and under-clays; of which three, reported in the Ap-
pendix, are from Texas. These latter were examined for the
purpose of comparison with our Kentucky soils.

The limits of variation, in the proportions of the essential
ingredients of the seventy-one Kentucky soils, are shown in
the following table, viz:

Per ct. | Number, | County. | Percent. | Number. | County.
Organic and volatile matters vary from . . .| g¢.185 | in 2,037 | in Hardin |to 2.045 | in 1,086 | in Allen
Alumina and iron and manganese oxides vary|
from . . .+« .« o oo oo noweass 24.465 | in 2,015 | in Grant to 3.096 | In 2,029 | in Grayson
Lime carbonate variesfrom . . . . . . . . . 9.435 | in 2,015 | in Grant o .o30 | in 1,968 | in Allen
Magnesia varies from. , . . . . . . . . .. .Ba4 | in 7,022 | in Grant to .o25 | in 2,042 | in Hardin
Phosphoric acid variesfrom. . . . . . . .. * .B23 | in 2,014 | in Grant to .ot3 | in 1,968 | in Allen
Potash extracted by acids varies from .. . .| 1.778 | in 2,022 | in Grant to .035 | in 2,041 | in Hardin
Soda extracted by acids varieafrom . . . . . .617 | in 2,009 | in Gramt to traces | in several
d and insoluble silicates vary from. . . .| 59.940 | in 2,015 | in Gramt toga.go | in 1,967 | in Allen
Water, expelled at 38c° F., vanes from . . .| 2.715 | in 2z.037 | in Hardin |to .483 | in 2,030 | in Grayson
Water, expelled at 213® F_, varies from . . .| 6.575 | in 2,013 | in Grant to .g50 | in 1,967 | in Allen
Potash, in the insoluble silicates, variesfrom . | 2.g10 | in 2,037 | in Hardin [to .72z | in 1,979 | in Barren
Soda, in the ‘nsoluble silicates, varies from . .| 1.214 | in 3,0c9 | In Grant to .o2z | in 3,080 | in Oldham
|

In the sample of cretaceous soil from Collins county, Texas,
called “black waxy” soil, there were 17.085 per cent. of lime
carbonate, 0.497 of potash extracted by acids, while the 61.840
per cent. of sand and insoluble silicates contained only 0.443
per cent. of potash in the insoluble silicates.

The specimens from Grant county, which appear to such
advantage in this comparative table, are of heavy, tough
under-clays, excavated from some of the cuts on the Cincin-
nati Southern Railroad, some of which were called by the
doubtful name of ‘*hard pan” by the contractors. From the
too large proportion of clay which they contain, as well as
their resulting physical constitution, they would by no means

prove as productive, under culture, as might be inferred from
| ast



6 CHEMICAL REPORT.

their chemical composition alone. The fact that favorable
physical conditions are as necessary to the fertility of the soil
as the chemical conditions, has long been known; but both the
chemical and physical are equally indispensable.

These heavy under-clays, which are so rich in some of the
mineral elements of plant nourishment, might doubtless be
used with advantage, in the manner of marl, as a top-dressing
on light or sandy, poor or exhausted soils. They would also
answer for common pottery or bricks.

The five samples of coals examined, from Butler, Greenup,
and Madison counties, presented the usual characteristics of
our good Kentucky coals, some of them being better than the
average, because of their small proportions of ash and sul-
phur, especially the sample from Big Hill, in Madison county.

The /limonite iron ores, from Lyon and Trigg counties,
proved to be rich, containing from 46.320 to 50.195 per cent.
of iron; they are also remarkably free from sulphur, and
contain less than the average of phosphorus, which latter
ingredient was found in them only in the proportions of from
0.079 to 0.220 per cent. of the ore. The pig irons smelted
from these ores were found also to be generally of very good
quality.

Amongst the c/ays which were analyzed, that from Bald
Knob Church, Ohio county—No. 2076—was found to be quite
refractory, and it may very probably be made available for
fire-clay if in sufficient abundance.

Seventeen different samples of Zimestone were examined,
many of which were from the phosphatic layers in the blue
limestone of Fayette county, mentioned in the preceding
Report. In fourteen samples, mostly from the same quarry,
and all from the same neighborhood, the proportions of phos-
phoric acid were found to vary from 1.462 per cent. in No.
2002 up to 21.940 per cent. in sample four of No. 2004.
(See Fayette county.)

While these interesting phosphatic layers, in the Lower
Silurian limestone of this county, have not as yet been found
regular and continuous enough, perhaps, to justify working for
352



CHEMICAL REPORT. 7

the manufacture of superphosphate, they are yet quite inter-
esting, as throwing much light on the superior fertility of our
Lower Silurian, or so-called ** Blue-grass soil.”” As will be
seen, the analyses of some of the most abundant of the fossils
of this limestone did not develop in these any unusual pro-
portion of phosphoric acid.

One of the limestones analyzed—No. 2073—a ferruginous
limestone from Rough creek, Ohio county, was found, when
calcined, to possess the properties of hydraulic cement.

The lead ore found in our limestone, usually associated
with zinc sulphide in veins of baryta sulphate, examined for
silver, was found to give the usual negative result. Indeed,
general experience, hitherto, seems to show that very little
silver is associated with the galena found in undisturbed lime-
stone layers; that ore being most generally argentiferous
which is in veins in the rocks which have been much dis-
turbed by volcanic action. |

The re-examination of the mineral waters of the Olympian
Springs, in Bath county, and of the Lower Blue Lick Springs,
in Nicholas county, has developed several interesting facts.
Not only is it shown that the general composition of these
celebrated waters has not been altered, or the waters weak-
ened sensibly, during the considerable period intervening be-
tween the analyses, but also several new ingredients, in small
quantities, have been discovered in them. Not the least
interesting of these are boracic acid and lithium compounds.
Compounds of barium and strotium found in these, also in
minute proportions, are believed to be, like the above sub-
stances, more generally prevalent than was formerly supposed.

Several other mineral waters, deserving of a more complete
-examination. were qualitatively examined. Kentucky is quite
rich in these waters, and a more systematic study of them
than has, as yet, been possible, is desirable.

The chemical analyses of the asikes of the Hungarian grass,
German millet, &c., together with the microscopic photographs
of parts of their silicious skeletons by Mr. Alex. T. Parker and
Mr. J. Mullen, and the experimznts to discover the nature of
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8 CHEMICAL REPORT.

the peculiar “‘root action” of these plants in their decompo-
sition of the silicates of the soil, as well as to determine the
rature of the special acid solvents exuded from the plants for
this purpose, detailed in the Appendix, throw some light on
the mysterious selective power of vegetables, by which ma-
terials, very different in kind and quantity, are appropriated
by different plants from a soil common to all. Some, because
probably of superior decomposing power which they exert
over the silicates of the soil, being able to extract essential
mineral ingredients and thrive, where others die of inanition,.
for want of the proper solvent or digestive agent.

To produce the silicious cell-casts and skeleton of the Hun-
garian grass and German millet, the silicious material must
have been dissolved in water, in unusually large proportion, in
the vicinity of the roots of these plants. Unless in solution,
it could not penetrate the cell walls,

It is well known to chemists that when silicates are decom-
posed, by acids or other agents, in the presence of water,
that the silicic acid thus produced is soluble to a large amount
in that fluid; but that it may again be easily brought to an
insoluble condition, as it exists in flint or sand, by the subse-
quent separation of the water; and this fact, with the demon-
stration of the exudation from the rootlets of these plants of
an acid fluid containing oxalic, phosphoric, and other acids,
probably in greater quantity than is produced by many other
vegetables, enables us to guess how these may decompose
more of the silicates of the soil than other plants and absorb
more dissolved silicic acid.

Plants, like animals, vary greatly in their natural power
of appropriating essential elements of food. Some live and
thrive on food of most difficult digestion; others, like the
young of most animals, require nourishment in the most sol-
uble and available condition. Some, like the Hungarian grass.
and other plants which grow on sterile soils, can extract their-
essential mineral food from the hardest stony particles; others,
like our ordinary grain-producing plants, depend more on the

natural soil solution, which brings their food to their roots.
354



CHEMICAL REPORT. 9

already in a condition to be most readily absorbed. Peculiar
root action on the soil is no doubt common, in a greater or
less degree, to all plants; yet, that the common soil solution,
produced by the solvent action of the atmospheric waters
upon the soil ingredients. is also a common source of plant
food, is equally demonstrable.

ALLEN COUNTY.

No. 1967—So1L, lebeled  Virgin soil, from the surface of the-
tract of land of about fifly square miles in extent, in the
eastern part of Allen county, called the ‘Buncombe tract’ A
very poor districl. [orest growth: scrub oak, black oak, pop-
lar, chestnut, hickory, &c. Produces aboul three to five barrels
of corn lo the acre (equal lo fiflcen lo twenty-five bushels).
Sub-stratum arenaceous, clayey, and calcareo-silicious rocks;
decayed fo the depth of fifteen feet.” Collected by Rev. Her-
man Hertzer.

The dried soil is of a light dirty-buff color. The coarse:
sieve removed from it only a few small ferruginous concre-
tions. The silicious residue, after digestion in acids, all passed
through fine bolting-cloth, except a small proportion of small
rounded grains of quartz and undecomposed silicates, and a
few very small silicified entrochi.

No. 1968—* SUBSOIL of the next preceding soil,”’ &'c., &e. Col--
lected by Rev. Herman Hertzer.

Of a lighter and more yellowish buff color than the pre-.
ceding ; containing fewer small ferruginous concretions. The
fine bolting-cloth separated from the silicious residue only a
few small rounded grains of quartz and of undecomposed
silicates of various tints.

No. 1969—** SURFACE SoOIL, one year in cultivation. Upland.
Land of William H. H. Milchell, one mile west of Scoltsville,
Allen county. Forest growth. a maple grove. Product: fifty
lo sixly bushels of corn to the acre.”’ Collected by Rev. Her-
man Hertzer.

The dried soil is of a light greyish-umber color. The coarse
355



10 CHEMICAL REPORT.

sieve removed from it a few angular fragments of ferruginous
quartzose rock. The fine bolting-cloth separated from silicious
residue a small quantity of fine rounded particles of quartz and
-undecomposed silicates of a reddish-grey color.

No. 1970——*“SuBsoiL of the next preceding,” &c., &e.  Col-
lected by Rev. Herman Herizer.

The dried subsoil is very much in color like the surface
soil, being only slightly lighter. The coarse sieve and bolt-
ing-cloth removed similar fragments and particles from the
soil and the silicious residue. The rounded particles of unde-
composed silicates and quartz amounted to about four and a
half per cent. of the subsoil.

No. 1971—" Surrace SoiL. Upland, from the farm of Wm.
H. H. Mitchell (same localily as the preceding), whick has
been in cultivation for sixly years. Yields twenty-five bushels
of corn pcr acre; eight fto ten bushels of wheat; or fifteen fo
twenty of oals. Original forest growth : chestnut, maple, oaks,
poplar, &c.  Geological formation: the Keokuk Group—cal-
careo-silicious and arvgillaceous rocks and shales; decayed to
the depth of twenty fect below the soil.”” Collected by Rev.
Herman Hertzer.

The dried soil is of a buff color. The coarse sieve sepa-
rated from it some small quartzose concretions, silicified entro-
chi, and iron gravel. The silicious residue, from the digestion
in acid, all passed the fine bolting-cloth except a few rounded
grains of milky quartz and of dark-colored undecomposed sili-
cates, with some minute silicified entrochi.

No. 1972—'“SUBSOIL of the next precedineg.” &c.  Collected by
Rev. Herman Herizer.
The subsoil is lighter and brighter colored than the surface
soil. The coarse sieve removed from it fewer quartzose and
ferruginous concretions than from that, and the bolting-cloth

separated fewer silicious particles.
356



CHEMICAL REPORT. II

COMPOSITION OF THESE ALLEN COUXNTY SOILS, DRIED AT 212° F.

No. 1967. No. 1968 iNu. lgﬁg.l No. 1970. | No. 1g71.{ Ko 1272,
|
Organic and volatile matters . . . . . . . . . 2.215 2.045 5.475 4. 000 2.745 2.450
Alumina and iron and mangancse oxides. . . . 3.616 5.872 5.629 7-304 5.452 8.090
Limecarbonate. . . . . . . .. ...,..- .110 .030 . 520 .470 .o70 , oiley
Magnesia . . « v« o v v s s 2 v 5 5= 4 aw s . 106 007 124 .07 079 140
Phosphoricacid . . . . . . . . ¢4 . ... .o1g =15 . 156 L4 .o83 45
Sulphuricacid. . . . . ., . 4.0 v w0 o Not esti mated.
Potagh o/ el ais Site miE im wiomm CLgd 160 .148 .380 1] 219
Boda Ll i s wieie aied bow s e . 4Bg .3z .21 175 | .143 BT
Sand and insoluble silicates . . . , . . .. . . g92.980 go. Byu B5. 740 85.000 |  ooO.440 88.040
Water, expelledat 38°F. . . . . . ... .. 630 JGrs 2.200 1.6z5 | .B6s | .Bso
Total oo wnew s awm ene e S 100.329 | 99 984 | 100 202 99.372 | 1oo.og8 | 100.02g
Hygroscopic moisture. . . . . o« . o v o 4. |l 0.950 | 1.250  z.425 2,215 | I.175 | 1.550
Potash in the insoluble silicates. . . . . . . . -992 | -958 | .958 853 t.0Bt | 1. 188
Soda in the insoluble silicates . . . . . .. . . .253 | .20 - L34 242 | 354 .258
| i |
Character of thesoil . . . . . . . . ... .. iVirgin soil Bulzweil. - New soil | Subsoil. ; Old field. | Subseil.
! I

The unproductiveness of the soils Nos. 1967 and 1968,
from the so-called Buncombe tract, finds an explanation in
their chemical composition as detailed above. Both surface
soil and subsoil show a very marked deficiency of phosphoric
acid, the proportions of which, 0.019 and o0.013 per cent. only,
are smaller than have been found in any other Kentucky soils.
This deficiency alone would cause sterility ; but it fortunately
can be remedied quite easily by means of top-dressings of
fertilizers containing phosphates, such as commercial super-
phosphate of lime, bone-dust, or good guano. These soils
are also somewhat deficient in organic matters (humus), lime,
&c., and may no doubt be greatly improved by the cultivation
of clover, with top-dressings of plaster of Paris or slaked
lime, and the plowing under of the green crop after one
year's grazing with hogs or cattle. The relative small pro-
portion of alumina, &c., to the sand and silicates, which
makes them what are called a ‘“hungry soil,”” may be meas-
urably remedied by the judicious use of such clay marls as
may be accessible. The alkalies, potash, and soda are not
greatly deficient in these soils, yet the use of wood ashes, or
some other alkaline fertilizer, would doubtless increase their
fertility.

The soils Nos. 1969-1970 and 1971-1972, differing so
greatly in productiveness—soil 1969 producing fifty to sixty

351



12 CHEMICAIL RETORT.

bushels of corn to the acre, and the others only twenty-five
bushels—also exhibit very significant differences in their chem-
ical composition. Taking the surface soils for comparison, we
find the more productive soil, No. 1969, contains nearly twice
as much organic matters and phosphoric acid as the less fer-
tile one, No. 1971, and that this latter essential ingredient,
phosphoric acid, is notably deficient in the less productive
soils. Another marked difference is found in the relative pro-
portions of lime and magnesia, the great deficiency of which
in the old field soils seems to indicate that their present infe-
riority is probably as much owing to an original difference of
composition as to the deteriorating influence of the sixty
years of cultivation. This supposition is strengthened by the
-relatively higher proportion of potash in the old field soil.

The remarks on the improvement of the soil of the Bun-
.combe tract apply also to this old field soil.

BARREN COUNTY.
SoiLs AND SussolLs, &c,

No. 1973—“VIRGIN So1L, from the farm of Major /. S. Barlow,
in the ‘Barrens,” four miles east of Cave Citly, Barven county.”
Collected by Rev. Herman Hertzer.

“ Geological formation: St. Louis limestone, the partly de-
composed rock six feet beneath the surface. Very rich soil
generally in the *Barrens.” The ‘Barrens,’ so-called because
of the absence of forest growth in early times, extend from
Hardin county through Barren, Warren, and Simpson coun-
‘ties. Formerly ‘prairie’ land, now overgrown with a young
forest of black oak, :scrub oak, walnut, beech, and hickory.”

The dried soil is of a light umber color. Clods friable.
The coarse sieve removed from it only a small quantity of
small fragments of decomposing chert and iron gravel. The
silicious residue, after digestion in acids, all passed through
fine bolting-cloth, except a small quantity of particles of partly
decomposed silicates, and some few clear quartz grains.

No. 1974—*So1L, sixty years in cullivation, from lhe same
locality as the last. . Auverage crops: of lobacco, one thousand
358



CHEMICAL REPORT. 13

two hundred pounds; wheat, fifteen bushels; corn, Jorty lo

Sty bushels.” Collected by Rev. Hermuan Herizer.

The dried soil is of an umber color, slightly darker than
that of the preceding soil. The clods are friable. The coarse
sieve separated from it about forty per cent. in weight of angu-
lar fragments of decomposing chert. The silicious residue all
passed through the fine bolting-cloth, with the exception of
some small angular particles of partly decomposed silicates.

[From the comparative color and chemical composition of
these two soils, it is probable that their labels were accident-
ally interchanged.]

No. 1975—**SuBsoiL of the two preceding soils,” &c., &e.

The dried subsoil is of a light grey-brown color; is
somewhat cloddy, the clods being firm. The coarse sieve
removed [rom it only a few small lragments of decomposing
chert. The silicious residue, after digestion in acids, all
passed through fine bolting-cloth, except some small parti-
cles of partly decomposed silicates, and a few small rounded

quartz grains.,

No. 1976—* VIRGIN SoIL, from the farm of Daniel Davasher,
southern part of Barven county. Geological formation : sili-
cious grit, decomposed fiftcen feel decp. [Forest growil . beech,
kickory, oaks, poplar, and chestnut.” Collected by Rev. Her-
man Hertzer.

The dried soilis of a light brownish-grey color. The
coarse sieve removed from it about twenty-two per cent.
of coarse angular fragments of ferruginous sandstone and
silicious concretions. The bolting-cloth separated from the
silicious residue some silicious particles, grey, white, and
flesh-colored, with a few of partly decomposed silicates.

No. 1977—** SURFACE SOIL ; in cultivalion for thirly years, from
the same farm as the next preceding. Yield: of corn, forty
bushels; of wheat, ten lo fifleen bushels; of tobacco, eight
hundred pounds.”  Collected by Rev. Herman Hertzer.

The dried soil is of a light dirty-buff color. The coarse

:sieve removed from it about seven per cent. of coarse silicious
359



14 CHEMICAL REPORT.

fragments, and the silicious residue left on the fine bolting-
cloth a few particles similar in character to those of the virgin
soil.

No. 1978—*“SuBsolL of the mnext preceding,” &c., &c.  Col-
lected by Rev. Herman Herizer. _

The dried subsoil is of a grey-buff color. It contains about
eleven per cent. of coarse angular silicious fragments and
concretions, and its silicious residue gave fewer silicious par-
ticles by the fine bolting-cloth than the preceding.

No. 1979—“ VIRGIN SoiL, from the farm of Mrs. M. E. Davis,
eight miles south of Glasgow, Barren county. Geological for-
malion : silicious or Kekokuk Group. [Forest growth: black
walnut, beech, sugar-tree, &c., &c.”’ Collected by Rev. Her-
man Hertzer.

The dried soil is of a light grey-umber color. The coarse
sieve removed from it less than five per cent. of coarse angu-
lar silicious fragments and concretions. The silicious residue,
from digestion in acids, all passed through the fine bolting-
cloth, except small greyish, reddish, and white particles of
quartz and partly decomposed silicates.

No. 1980—** SURFACE SoIL, sixly years in cultivation ; from the
same farm as the preceding. Geological formation . silicious
or Keokuk Group, rocks decayed lo depth of twelve to fifteen
feet. Average crops : of lobacco, onc thousand to eleven hund-
red pounds; of corn, twently-five to forty bushels.’ Collected
by Rev. Herman Hertzer.

The dried soil is a little lighter colored and more yellowish
than the preceding. The coarse sieve removed from it but a
very small proportion of small angular silicious and ferrugi-
nous fragments, and the silicious residue contained fewer small
silicious grains than the preceding.

No. 1981 —*SUBSOIL of the next preceding,” &c., &c.  Col-
lected by Rev. Herman Hertzer.

The dried subsoil is of a brownish-buff color. The coarse
360



CHEMICAL RETPORT. 15

sieve separated from it only a very small proportion of small
silicious and ferruginous gravel. The fine bolting-cloth re-
moved from the silicious residue a considerable proportion
of soft, partly decomposed silicate grains, and but few hard
silicious particles.

No. 1982—* SURFACE Son., sixéy years in cullivation ; from the
same farm as the preceding. Bottom land. [nexhaustible
because of annual inundation. Average crop.: fifty bushels
of corn.” Collected by Rev. Herman Hertzer.

The dried soil is of a light brownish-umber color. The
coarse sieve separated only a very small proportion of small
silicio—ferruginous fragments, and the silicious residue, from
digestion in acids, all passed through the fine bolting-cloth.

No. 1983—**SuBSOIL of the next preceding,” &c., &c.  Col-
lected by Rev. Herman Hertzer.

The dried subsoil is slightly more brownish in tint than the
preceding. The coarse sieve removed from it but a very small
proportion of silicio—ferruginous gravel. Like that of the
preceding, the silicious residue all passed through the fine
bolting-cloth, leaving upon it no small silicious particles.

361
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CHEMICAL REPORT., 17

The reasons for believing that the labels of soils Nos. 1973
and 1974 have been accidentally interchanged, is the greater
proportions of organic matters, lime, magnesia, and phospho-
ric acid, and the smaller quantity of sand and insoluble sili-
cates in 1974 than in 1973. The greater proportion of potash
in the latter is also corroborative of this supposition because
the subsoil is richer in this alkali than the surface soils.

These Barren county soils are above the average in native
fertility, and would require only skillful management, with a
judicious rotation of crops and the occasional use of special
fertilizers, as may be indicated, to keep them up to a high
degree of productiveness.

BATH COUNTY.
MINERAL WATERS, &C., OF THE OLYMPIAN SPRINGS.

The principal waters of these celebrated springs were qual-
itatively examined by the writer about the year 1848-'9, and
the results were published in volume III of the first series of
Reports of the Geological Survey of Kentucky, pages 208-
210. About ten years thereafter (in 1858-'9) more extended
quantitative analyses were made by him of samples of these
waters, sent to his laboratory in bottles by Mr. H. Gill, the
proprietor. As such analyses of the waters forwarded in bot-
tles could not include the gases, and, moreover, were liable to
accidental errors, the writer visited these springs in August
last (1877), accompanied by his son, Alfred M. Peter, in order
to quantitatively estimate the gases in the recent waters; to
evaporate a sufficient quantity on the spot to enable him to
estimate their minuter saline ingredients, and to collect with
care, in very clean glass-stoppered bottles, enough of the
waters of the several springs for complete quantitative analy-
ses in his laboratory in Lexington.

The hydrogen sulphide was estimated in the recent waters
at the springs, by the volumetric process, with the use of a
deci-normal iodine solution, &c., and the carbonic acid, thrown
down in a measured quantity of the waters, by an ammoniacal
solution of barium chloride, was separated and weighed at the

laboratory. .
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THE SULPHUR WATERS OF THE OLYMPIAN SPRINGS.

No. 1984—*SaLt SULPHUR WATER.” Well at the saloon, near
the main house or hotel. The waler is raised by a pump in
the well, which is eight lo ten feet deep. The spring is said to
yield about two hundred and seventy gallons per hour. The
lemperature of the waler was found to be 56° F., when that of
the atmosphere was 75° .  The water forms a slight yellowishk
or ochreous incrustation on the glass tumblers used at the well.
1t exhibits a slightly alkaline reaction.

No. 1985—*“Brack SurLrHUR WATER.” From an open well,
about a gquarter of a mile nearly south of the main lhouse, in
lre botlom ground just at the foof of the hill. The water is
confined in a barrel without heads, sunk into the ground.
The temperature of the waler in the barrel was 57° F. Iis
sediment is nearly black, and it exhibils a slightly alkaline
reaclion.

No. 1986—“WHITE SULPHUR WATER.” From a rather jfeeble
spring about three miles from the Olympian Springs.

This spring was not visited by the writer, but a demijohn of
the water was sent to the *“ Springs” by John D. Young, Esq.
The hydrogen sulphide, therefore, was not estimated.
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COMPOSITION OF THESE BATH COUNTY SULPHUR WATERS.
In 1000 parts of the water.

No. 1984. | No. 1985. | No. 1986.

‘Hydrogen sulphidegas . . . . . 0.0011 0.0012 not est.
Carbonic acid gas (CO2) . . . . 0.2400 .2781 not est.
Lime carbonate i B W B 0.1975 0.0158 0.0744 |
%{:gnesia carbonate . . . . . . .0506 .0046 .0316

ta carbonate . . . . . . . . B TE - O I T R . .
Stroutla carbosate . . o - v & - T PR S i H%ld ::e!:::;:::t
Iron carbonate. . . . . . w0 b .0025 .mm.l icyacid
Alumina . . . . . e e e e 0000 |. . . . . ¥
Manganese carbonate and phos- t Rl

horicacid . . . . . . . . . traces. traces. |
Lime sulphate . . . . . . . . . .coi 0061 .0039
Potash sulphate . . . . . . . . b w ow o W .co31 0133
Soda sulphate . . . . . . o w ol 8o g .0025 .
Soda carbonate. . . . . . traces| not est, - 3247 .3u13
CEICiI.‘I.m Ehloril‘e - " m w @ = & & -02'3 = = = = = = . = = #
Magnesium chloride . . . . . . .108 | . .. L .. L0071
Sodium chloride . . . . . . . . 4.8997 . 1208 .1326
Potassium chloride . . . . . . . sO38E |o v w0 o] e o
Lithium chloride. . . . . . . .| oong trace. trace
Sodium bromide . . . . . . . . 0166 |0 0. . a]e . L.
Sodium iodide and sulphide . . . trace. trace. trace.
Boracicacid. . « « « « + « « . trace. trace. trace.
Silica ... e 5 5 5 w8 e e @ .0232 0124 L0115
Traces of organic matter and loss, ! .0340 o164 |. . . ..
Total saline matters in 1000
PARES o« » » % ww v ox @ 5.4168 0.5088 0.6286
§

Specific gravity of the water . , 1.004 | not est. not est.

These interesting sulphur waters present considerable dif-
ferences in their chemical composition. The salt sulphur of
the saloon contains greatly more chlorides than the others,
and especially much more sodium chloride (common salt) than
they, while the black and white sulphurs are much more alka-
line from the presence of a considerable quantity of carbonate
of soda. They also contain more alkaline sulphates. All of
them have a notable quantity of iron carbonate, of which
chalybeate ingredient the salt sulphur and the black sulphur
contain the largest proportions. The quantity in the white
sulphur was not separately determined, but is doubtless quite
minute,
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These waters, and particularly those of the salt sulphur
well, are applicable to the treatment of a great variety of
chronic diseases, under judicious medical advice, combining,
as they do, saline, alkaline, and chalybeate properties, with
those of the hydrogen sulphide, and the bromides and
iodides. They are found to be diuretic, diaphoretic, tonic,
and alterative, when used internally, not usually exerting
much aperient action; and when employed in the bath, for
which purpose the salt sulphur is used exclusively, they are
valuable in the treatment of cutaneous affections, &c.

The very small proportions of barium, strontium, aluminum,
and lithium compounds, together with those of boracic and
phosphoric acids, which were detected in this recent re-exam-
ination of these waters, interesting as their discovery may be
to the philosopher, cannot be supposed to exert much influ-
ence in their medicinal action, yet, doubtless, they are not
without effect.

Since the detection of barium and strontium compounds in
these waters containing sulphates, the attention of the writer
was drawn to a recent communication of M. Dieulafait to the
Academy of Science of Paris, as to the very general presence
of strontium carbonate or sulphate in the sea waters, as well
as in limestone, gypsum, and the fossil remains of the mol-
lusca, and saline mineral waters generally. According to his
statement, only forty-four out of eight hundred of such
waters, &c., failed to show distinct evidence of the presence.
of strontium.

On examining Liebig’'s analysis of the celebrated Kezser-
guelle (Emperor well), at Aix-la-Chapelle, in Rhenish Prussia,
one of the most noted waters of Europe, and an early resort
of the Romans, a remarkable resemblance in general com-
position may be seen between this and the salt sulphur water
of the Olympian Springs, as the following comparative table

shows:
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l Salt sulphur Water of
water of Emperor Well,
IOIympinn Springs.| Aix-la-Chapelle.
limecarbonate . . . . . . . . . ... .. .. 0.1975 o.1580
Magnesia carbonate . . . . . . . . . .. i W & .05CH 0510
Barytacarbonate . . . . . . . . . . . . . . . oras e e s ow i e
Strontiacarbonate . . . . « . . . . . . . " .0045 .0002
Iron carbonate . . . . . . . . . . .. .. .. .0025 .00g96
Alumina o ¢ ¢ & i v i w i e e ee o . 0000 ¢ <
Manganese, phosphoricacid . . . . . . . : = i traces. e
Lime sulphate . . . . . . . . . . . « + & + .« & .0083 traces.
Potashsulphate . . . . . . . . . . ...l oo o . — .[540
Sodasulphate . . . . . . .. ... oo mems wow |ums e om o smeess s .2830
SO0 CATHONALE 2 o s o % @ vow 0 o % 0 (w50 & 3 traces. .6500
Lithiacarbonate. . . . . . . . . . . R N .0003
Lithium chloride . . . . . . . . & W el e .0008 e W W e
Calcium chloride. . . . . . . . . . . e 0213 | e s e s e aa
Magnesium chloride . . . . . . « .+ . ¢« . .. . 1089 SR E B W ate
Sodium chloride . . . . . . . . . . . .. R 4.8997 2,6390
Potassiumchloride. . . . . . + « . ¢« & &« « & . 03550 |- - - s a e e
Sodium bromide . . . . . . ., . . . . . . .. .0166 .0036
Mapnesium bromide . . . + . « ¢ 4 4 o o .0 )L .-, il e 0006
Sodium sulphide . . . . . . « . & .. . . ... traces. 0195
Sodiumiodide. . , . . . . . . . .. .. .. traces, traces.
Boracicacid. . . . . . « 4 2 2 & 2 2 . . ow o traces. T .
BIeR sv a5 2 @ woe o .0232 0661
Organic matters, &ec. . . . . . . . . . . iy e W .0340 .0752
Total saline matters in Iocoparts . . . . . . . 5.4168 4.1020
Temperature . . . . . . & & « = « « = = = = = 56° F. | 131° F.

The Aix-la-Chapelle are hot springs, and the water con-
tains more alkaline sulphates and carbonates, with less of
chlorides and bromides, than our salt sulphur water; but the
general resemblance of their chemical composition is close,
especially as they contain nearly the same gaseous ingre-
dients.

One object in view in the re-examination of the Olympian
Spring waters was to ascertain whether their proportion of
saline matters had been diminished in the lapse of nearly
twenty years since the first analyses were made by the writer.
It is interesting to see that no notable change in this respect
has occurred. (See vol. 4, p. 69, Reports Geological Survey of
Kentucky, first series). The slight apparent difference being
probably due to less perfect drying of the total saline matters

in the former analyses.
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CHALYBEATE MINERAL WATERS OF THE OLYMPIAN SPRINGS
No. 1987—* MAIN CHALYBEATE SPRING ; 77 a valley, about half

a mile north of the main building, Olympian Springs.”

The water runs, over a wooden gutter, out of the ferrugin-
ous magnesian limestone, which lies under the Devonian shale,
at the base of the hill, about four feet above the bed of the
so-called ‘' Chalybeate Branch,” which runs into Mud Lick.
The spring yields about three litres of water per minute (z. e.,
somewhat more than three quarts). The temperature of the
water is 54° Fahrenheit. It deposits a sediment in its channel
of outflow, which is of a ferruginous-brown color. The water,
as it flows out of its source, is remarkably clear, but exposure
to the air, by the removal of carbonic acid and the substitution
of oxygen, converts the dissolved iron carbonate into the hy-
drated peroxide, which is insoluble in water.

The dried ferruginous sediment, on analysis, was found to
contain about 65 per cent. of z»on peroxide, about 20 per cent.
of soluble silica. with notable proportions of lime and magnesia
carbonates, and traces of manganese, phosphoric and apocrenic
acids. Hydrosulphuric acid did not detect the presence of
arsenic or any metal of that group.

No. 1988—* CHALVBEATE SPRING, flowing out of a crevice in
lhe ferruginous magnesian limestone in the bed of the Chalyb-
cate Branch, about sixly yards above the main chalybeate
spring above described.”

It deposits a ferruginous sediment in the bed of the branch

of a light brownish-orange color.
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COMPOSITION OF THESE

23

OLYMPIAN SPRING CHALYBEATE WATERS.
In the 1000 parts.

| No. 1987 | No. 1988

Riiad
Free carbonicacidgas . . . . . . . . « . « . . 0.1214 ©0.1269
Iron carbonate . . . . . . . . . . i .|  0.0242 0.0100 | ] Held in so-
Limecarbonate . . . . .+ . « + & ¢ o + & ; .0998 .08g0 | | lution by
Magnesiacarbonate. . . « « 4+ ¢ s 4 4 .o 0. . i .0143 .0fo3 |+ the free
Manganese carbonate . . . . . . . . .. .. .. trace trace. || carbonic
Phosphoricacid . - « « « ¢« ¢ ¢ ¢ ¢ ¢ & & | trace. trace. | ] acid.
Lime sulphate . . . . . . . . . - o o e @ owoa) .0554 .0366
Magnesiasulphate . . . . . . . . .. .. . L I .1170 .0693
Potash sulphate . . . . . . . . . . . .. .. .1 .0125 o117
Soda sulphate . . . . . . « & . . .. .. ... .o .0238
Sodium chloride . . . . . . « . . i aena 0308 | .cobo
Magnesium chloride . . . . . . . . . . . . .. .0031 - e
Lithium chloride . . . . . . . . P oeon e trace, trace.
Apocrenicacid . . . . . + &+ . . o . .0 0. .. trace. trace.
Silica . .  GmiEn wE ow DN R B HCTASVS B % .0332 .0198
LOBR o o v » n vz w owowomy om ow e e miie m B .0194 .0168

Total saline matters in 1000 parts of the waters .| ©0.4097 | 0.2935
’ !

The main chalybeate spring water is in every respect very
good of its kind, and may be used in all cases in which cha-
lybeate remedies are indicated. The principal difference in
composition between the two springs is, that the main spring
is more than twice as strong in iron carbonate, making it a
better chalybeate remedy than the other. It also contains
more sulphate of magnesia, but less sulphate of soda. They
form a valuable addition to the Olympian Springs.

As the chalybeate and other saline ingredients of these
waters seem evidently to have been derived mainly from the
ferruginous magnesian limestone out of which they flow, and
which the waters have worn and perforated in a remarkable
manner, the writer collected some of the limestone and sub-
mitted it to analysis, with the following result:

No. 1989—FERRUGINOUS MAGNESIAN LIMESTONE, onf of whick
Sflow the chalybeate springs above described, as well as many
others in this region, and which forms the bed of the Chalyb-
eate Branch, at and near those chalybeate springs. It lies
immediately under Black Devonian Shale. Collected by Rob-

ert Peler.
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A crystalline-granular limestone; grey, of various tints, in
the interior—generally light grey; light ferruginous or brown-
ish-ochreous on the exterior. Adheres slightly to the tongue,
and is more or less porous. The water has worn it irregu-
larly, and in some places perforated it by enlarging the small
crevices or cavities in it.

COMPOSITION, DRIED AT z212°F.

Limecarbonate . . . . . .+ & & v v« s « &+ o = = » s = & = = = = = = 54.000
Magnesiacarbonate . . . « ¢ . ¢ ¢ o ¢ ¢ ¢ o o 0 v s e e e e s e 34.027
Ironcarhomate .. o v o o o s % %% & w6 We B 6 e WiE & W B e 11.§32
Phosphoricacid . . . « ¢« ¢ ¢ & s 6 4 ¢ 6 s 2 o o 2 58 s 8 s s ¢« =« s + = .006
Potash . . . . . . ¢ ¢ s s s s o o v o s 0 0 s v s s v o5 s o0 143
BOa . Ll W E e n mwe ko R R AN R e A 040
Silicad . . ¢ o ¢ 2 o 2 s i @ s s 8 s e = s e oa s e e s s wE e s .280

Total . . . . . . 4 it ot e e e e e e e e e e e e e e e e e e s 100.028

The main agent in the solution of this ferruginous limestone
is, undoubtedly, the carbonic acid dissolved in the water which
flows over or percolates it. The greater part of this carbonic
acid is no doubt derived from the gradual decomposition of
the vegetable matters on the surface of the hill at the base of
which the springs and this rock are located. At present this.
and the neighboring hills are covered with the primeval pine
forest, which keeps the surface continually covered with its.
vegetable debris, which, by slow decomposition and oxidation,
yields an abundance of carbonic acid to the atmospheric water
which falls upon it, thus making it, what the pure water itself
is not, a good solvent of the iron and other carbonates of the
ferruginous magnesian limestone beneath. It appears, there-
fore, that the character or strength of these springs is greatly
dependent on the forest growth on the surface of the hill or
hills above them; and that if these woods on the hills above
should be at any time cleared off, and the surface of the land
deprived of its present carpet of decaying vegetable matters,
the springs would measurably lose their strength and value.
Another deplorable result from clearing off these woods and
bringing the soil into arable culture would be, that more of
the atmospheric water would run off from the surface of the

hills, and less of it would sink into the depth of the soil and
370



CHEMICAL REPORT. 25.

subsoil to feed springs; so that, if the springs were not en-
tirely dried up, except in a rainy season, their outflow would
be greatly diminished. Moreover, the beauty, salubrity, and
attractiveness of this favorite sylvan watering-place depend
greatly on the native pine forest which clothes the neighbor-
ing hills.

In addition to the sulphur, salt sulphur, and chalybeate
waters of this locality, there are others, saline and alkaline,
of various qualities, deriving their dissolved ingredients, some
from the salts of the primeval ocean under which the rocks
were deposited, some from the action of the atmospheric
waters and gases on the Devonian and other strata. One
of the oldest known, which formerly was called a salt lick, to
which the wild denizens of the forests resorted, and around
which the buffaloes made their wallows, may be described as
follows:

No. 1990—** SALT WATER from the old well at the original Salt
Lick, near the vemains of the old barracks of the volunteers of
1812, about one hundred to one hundrved and fifty yards south

Jrom the main house."

The water flows out in a small stream, running into Mud
Lick creek. The ground about is covered with an efflores-
cence of salt. The water tastes like that of the salt sulphur
well, but it has only a slight odor of hydrogen sulphide.

COMPOSITION OF THIS SALT WATER.
Carbonic acid gas, not estimated; hydrogen sulphide, a frace.  In 1000 parts of the water.

Limecarbonate . . . . « « ¢ 2ca = + + &« W OE R A e 0.1844
Magnesiacarbonate . . . . . . . . 0 0 o 0 0 ... .0458 Held in solu-
Barytacarbonate. . . . . . . . . . - . . . 4 s e a4 .o .0099 tion by the
Strontiacarbonate . . . . . . . . . . . . .. R L0045 carbonic
Iron and manganese carbonate, and phosphate . . . . . . . .001g acid.
Limesulphate. . . . . . . . . . . « s ¢« 4 o« = v o - . .0036
Sodacarbonate . . . . ¢ 4 4 ¢+ & 4 4 e s o4 = s . e s - 2241
Calciumchloride. . . . . . . ¢ & . ¢ & & & & & &« « = & =« 0152
Magnesium chloride . . . . . . G OB G R W R R e .11
Sodium chloride . . ., . . . . ¢« ¢ ¢ ¢ ¢ & = s 2 = « 2 = =« 4.7121
Potassium chloride . . . . . . . . . . .. s oa e e s .0375
Lithium chloride. . . . . . . . . . « « . GRS R W G SEE trace.
Bromine, boracicacid . . . . . . . . 4 . 4 4 4 .. .. trace.
silica .................. L - - - - - - - '0232
Loss . o « ¢ ¢ ¢ 4 4 2 s 8 8 % o s 5 s 8 = = » 8 = = v & .0130

Total saline contents in 1000 parts of the water. . . . . . 5.3940
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This water resembles that of the salt sulphur well in the
relative proportions of its common salt and other chlorides;
but it is more decidedly alkaline, because of its larger propor-
tion of carbonate of soda, and contains less of bromine and
lithium compounds. Moreover, it is almost destitute of hydro-
gen and sodium sulphides, which give a distinctive character
to the salt sulphur water. On examining volume IV of the
Reports of the Geological Survey of Kentucky, first series,
for the former analysis of this water, the writer finds that a
transposition of the labels on the bottles in which the waters
were sent to the laboratory by Mr. Gill must have occurred
(see pages 71, 72), so that the label * salt water,” &c., &c.,
was placed on the bottle which contained the so-called **cook-
ing water,”” and wzice wersa. The analysis No. 803, page 72,
agrees pretty well with the present in the principal ingredients
and the total saline contents. This now published is of course
more complete and accurate.

THE ALKALINE SALINE WATERS OF THE OLYMPIAN SPRINGS.

No. 1991—WATER from the well at the kitchen door of the
main house; aboul cight feel deep; yields about one hundred
and thirly-five gallons per minute. The waler is raised with
a wooden pump.

It is slightly alkaline in reaction, and deposits a slight
ochreous sediment in the bottle. Tastes somewhat chalybe-
ate, and smells and tastes faintly sulphurous. This water is
used for all ordinary purposes of the kitchen and household,
-as well as for drinking.

No. 1992—\VATER, called “Tea Waler,” from a spring or open
shallow well, on the border of Mud Lick creck, about half a
mitle south of the main house, and above it on the stream.

The spring is inclosed in two no-headed barrels, placed the
one on top of the other, and is about four feet deep. The
water was not overflowing. Temperature of the water, 62°
Reaction slightly alkaline. As there had been rain shortly
before the sample of the water was obtained for analysis, it

may possibly be weaker than usual.
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COMPOSITION OF THESE WATERS.
In 1000 parts of the water.

No. 1991. | No. 1g992.
Carbonicacidgas . . . . . . . . ... . ... not est. | not est.
Hydrogen sulphide gas. . . . . . . . . . . .. a trace. | none.

— | —
Lime carbonate . . . . . . « . « = « « =« = - . | 0.0556 0.0241 g
Magnesia carbonate . . . . . . . .. ... .. .0277 .0059 H:{gﬂ‘g sg‘l::,
Strontia carbonate or sulphate . . . . ., . . . . trace. trace. Bonie ,:lcid
Iron and manganese carbonates and phosphates . .0054 .0022 &
Lime sulphate. . . . . . . PR T Rl S ! 0065 | . . . . .
Soda sulphate . . . . . . . .. I o028 |. . . ..
Potash sulphate . . . . . . . . . . . . . ... 0285 | . . . ..
Sodium chloride . . . . . . . . . . . . . . .. .1483 .0377
Potassium chloride. . . . . . . . . .. .. [« 0 v v . .0039
Magnesium chloride . . . . . . . . . . . . . . 0047 (. . . .
Soda carbonate . . . . . . . . . W e e e o .5431 . 4479
Sodium sulphide. . . . . . . + . & & 4 . . .. trace. |. . . . .
Lithia, boracicacid . . . « « ¢ « ¢ &« « ¢ & - . trace. trace.
Silicaand 1oss. . « « « ¢« & « 2 » 8 v s 5 = I o280 o315
Total saline contents in 1020 parts, . . . . . .| ©0.8686 0.5532 |
I

Although these waters do not contain a very large propor-
tion of saline matters, yet their alkaline and slightly chalybe-
ate properties may make them available as diuretic, depurative,
tonic, and alterative remedial agents. Many celebrated alka-
line waters are not stronger in saline and gaseous contents
than these. These examinations and analyses were made in
August, 1877; on reéxamining the water from the well at
the kitchen door, No. 1991, in February, 1878, alter rather
a wet season, the water was found to be at least one third
weaker in saline contents.

No. 1993— WATER, from an ‘Epsom Well," about three quar-
ters of a mile northeast of Olympian Springs, on the farm of
Mr. Robinson.”

The well is about twenty feet deep., walled up with stone.
The water is used by the family for drinking and all domestic
purposes, and they have become accustomed to it, so that it
produces no sensible effect upon them. Mr. Robinson had
turned the rain water from the roofs of his houses into the

well, so that the water obtained for examination had been
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much weakened by the result of a recent rain; hence a quan-
titative analysis was not made of it. It tasted strongly of
Epsom salt, and gave decided evidence, by the usuval tests,
of the presence in it of much magnesia and sulphuric acid,
considerable Zime and chlorine, and traces of zron, &c., &c.

The old «“Epsom Well,” the water of which had been ana-
lyzed and reported by the writer in volume IV, page 70, of
Reports of the Geological Survey of Kentucky, first series,
had been filled up; but Mr. Robinson will probably reopen it.
This aperient water would be a valuable addition to the
considerable variety of the mineral waters of the Olympian
Springs, especially as the other waters do not generally exert
a laxative action.

BRECKINRIDGE COUNTY.

No. 1994—**MARLY SHALE, from Tar Creek Hill; Bowling
Green road, near Cloverport, Breckinvidge county.”  Col-
lected by P. N. Moore.

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.

COMPOSITION, DRIED AT 212° F.

SHHCR w o m m mms w0 m smoims e m o EOiE m o o mIImS B W W ESGA W R eSEEE b 66,960
Alumina. . . & & - = ¢+ & ¢ 2 = s = 8 2 2w 8 # " = . = e rTE R 15.626
Iron oXide. . v o s s o s s % o « 5 ¢ 5 8 & s 5 8 8 « & & & 5 & v & & « 4.380
Lime o . c i ea a a5 9% o % 8 % F 8 8 60a s & 8 e e B W N et g .493
Magnesia . . . . . &« 4 ¢ o o o s s s s s 5 2 s 0 a 2 o o 8 s 5 8 s & .677
Phosphoricaeid . . . . « . . v & 4 o = ¢ o o 2 = 2 s @ s 2 s s s & & - .154
Potash: . © i v o o 5 wia v 5 & said & & #0900 & & o 5% = ¥ e s 3.295
Soda o & J G Gie i A AE sVt wEe B e e e ae e a e s e s .628
Water, carbonic acid,andless. . . . . . . A I O A 3.787

TotAl . . - o 2 o o ¢ 0.4 & & 5 4 6.8 o 2 4 2.8 5 & & " e s e m e oa 100. 000

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
probably undergo complete disintegration. Its considerable
proportion of potash would gradually become available for

vegetable nourishment under the influence of the atmospheric
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agencies, but might perhaps be brought more quickly into use
by the simultaneous application of slacked lime on a clover
crop. It might be used for lerra colta.

BUTLER COUNTY.

No. 1995.—*"* CoaL from ‘Mining City Coal Bank,' recently
opened ; owned by the Green and Barren River Navigation
Company. Mouth of Mud Creek. Bed thirty-six to thirly-
nine inches thick. Average sample.”” Sent from Frankfort
by John R. Procler.

A pure-looking coal, breaking into thin laminz, with fibrous
coal and very little fine-granular pyrites between. Specific
gravity not determined.

COMPOSITION, AIR-DRIED.

Hygroscopicmoisture. . . . . . 4 « & « & -« & « = = 2 & s &« s &+ s & &« » 3.28
Volatile combustible matters . . . . « & = 4 & &+ & & & = o =+ = & & & = 44 .20
Spongycoke . . . . . L. e 4 e a s e e e e e e e e e e e e 52.52

Total .s s & & & wie & 5 5 % 90§ e W@ 8 gk e ¥ & e e e 100,00
Total volatile matters. . « . . & ¢ & = = = = & # = = = = s = = s = = s = 47 .48
Fixed carboninthecoke . . . . . . &« « v . ¢ v 4t 4 4 o v o s s s o » 48.56
Dark lilacegrey ash . . . . . . < . ¢ o ¢ o . o s o o v o s 0 v 0 s 0o 3.96

Total o v o s o oo & m e e B om e e e s e R R e m w o mooesie 8 100.00
Percentage of sulphur . . . . « . ¢ o & . o 0o 0 o v v 0 i 0 0 s . 3.060

A very good splint coal, resembling the ‘“block coal” of
Indiana, yielding quite a small proportion of ash, and contain-
ing no inordinate quantity of sulphur.

No. 1996.—** MARLY CLAY SHALE OR INDURATED CLAv. (Fire-
clay?) Below the coal at the Mud Creek Mines. Collected
by John R. Procter.”

Of a dark-grey or lead color, imperfectly and irregularly
laminated. Contains many minute specks of mica, and some
imperfect impressions, apparently of marine shells. Itis quite
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plastic when powdered. Burns of a light yellowish-grey color,
nearly white, hence might be made available in ferra cotta.
Fuses before the blow-pipe.

COMPOSITION, DRIED AT 212° F.

BIE? « o v o i o W o S04l @ ¥ % N B W e e B % R RUE § % YRR 51.660
Alaming. . o ¢ o 4 6 5 i 5 6 0% W s e s i s e s e e s s e e wE s 15.560
Irom oXidesc s v 6 » W 4 B R G FH e e ¥R e RIE & b 3 e 7-680
LIMe . . ¢ ¢t 4 o 0 0 08 0 o560 0006088 s s 6neassesass 7.269
Magnesia . . « & o ¢ o ¢ s 6 0 0 0 0 4 s 4 b e e st b s e ! .817
Phosphoricmcid . . . . - v o v ¢ 4 2 ¢ o 20 6 o 6 o 5 o % 5% = o« not est,
POIASI & o 5 i o 6 8 sbim s momocw o om om B R ELE B B G e B B 8 e s 3.276
Doa .. . . s s o ow b rma s B B morm m ow eesss B B R ioms m B e e w .293.
Water, carbonic acid, organic matters,andloss . . . . . « . . . . . . .. 13.445%

b L e T . R R L I E e 100,00

Its large proportions of iron oxide, lime, and alkalies render
it easily fusible at a high temperature.

FAYETTE COUNTY.

No. 1997.—** WATER from a bored well about 80 to 9o feet deep,
on the site of the Lexington Depot of the Cincinnatli Southern
Railroad, about three quarlers of a mile from the Court-
house.””  Collected by Mr. C. J. Norwood and Myr. ———
Totten, Civil Engineer.

The water is perfectly limpid and colorless, has a slight
petroleum-like odor, but contains no hydrogen sulphide.

No. 1998.—* WATER from the same well after it had been deep-
ened lo one hundred and fifty-three feet and a half. Sent by
Chas. A. Tasker, Resident Engincer on the C. S. R. R., at
Lexington.”

The water is yet clear, inodorous, and tasteless; like the
former sample, it gave a slightly alkaline reaction.

The object of the analyses was to ascertain the availability
of this water for use in boilers of the locomotives of the rail-

road.
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COMPOSITION 1IN 1000 PARTS OF THE WATER.

No. 1997. | No. 1998.
Lime carbonate . . . . . . . . .. 0.0404 0.0358 |] Held in solution in the
Magnesia carbonate . . . . . . . .. .0066 .o18g water by carbonic
T T R A R R o138 .0038 acid, the proportion
Iron oxide, phusphunc acid, strontia ol which was not esti-
carbonmate. . . . . . . . .. trace. | . . A J mated.
Lime sulphate. . . . . . . . . . .. .0126 .0240
Potash sulphate . . . . . . . . . . . .o118 .020%§
Soda sulphate . . . . . . TN .0385 .0058
Magnesium chloride . . . . . ki .0797 .0501
Sodium chloride . . . . . . . . . . . .0514 .0b12
Soda carhonate . . . . . .. .. .. L1252 .1530
Silica . . . . .. .40 10218 .0036
Lithia . . . ... ... .... "
Organicmatrers . . . . . . . . . . } i R
Total saline matters in 1000 parts . . 0.3318 0.3787

The water became very slightly stronger in saline matters
by deepening the well, but its character was not materially
altered. From its alkaline nature, owing to the presence in
it of a certain proportion of carbonate of soda, the writer pre-
dicted that it would prove eminently fit for use in the steam-
boiler, and that any sediment which might be deposited would
not be likely to form a hard incrustation. Subsequent practi-
cal experience has verified this prediction. The material in
the supply water which causes the hardest and worst crust in
the steam-boiler is the lime sulphate or gypsum; as this is
only slightly soluble in water, and is much less soluble in the
very hot water of the high-pressure boiler than it is in cold
water, its presence in the feed-water is greatly feared by the
locomotive engineer. This injurious substance dissolves in
about five hundred parts of cold water; but when subjected to
the heat corresponding with four atmospheres of pressure in
the steam-boiler, or one hundred and twenty pounds to the
square inch, it deposits a crust, although contained in 1000
parts of water.

In the stronger of these waters the sulphate of lime is only
in the proportion of about one part to forty thousand of the
water; and, consequently, it would not probably form any

crust until the water was evaporated to one fortieth its orig-
VOL. I.—CHEM. 2§, 37T
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inal volume, even if unaccompanied by any decomposing
agent. But in this water, as soon as the free carbonic acid
is separated by the heat, the excess of carbonate of soda pres-
ent decomposes the sulphate of lime, producing a powdery
precipitate of carbonate of lime, and an equivalent amount of
sulphate of soda, which remains dissolved in the water. Per-
fect immunity from boiler-crust may generally be secured by
blowing off the residual water of the boiler at proper intervals,
varying in length according to the character of the water used.

In this connection, it may be of interest to give the eleva-
tion of this well above sea level, as communicated by Geo. B.
Nicholson and Chas. A. Tasker, civil engineers on the Cincin-
nati Southern Railroad, as follows:

Elevation of the top of this well above sea level, 964 feet.

Elevation of the bottom of the bore which furnished the
water for the first analysis, 876 feet.

Elevation of the bottom of the bore which furnished that
for the second analysis, 802 feet.

Elevation of the top of the well at the Lexington fair
grounds above sea level, 974 feet 3 inches.

SOILS OF FAYETTE COUNTY,

No. 1999—* SURFACE SoiL, from the lawn at Ashland, near
Lexington, homestead of the late Henry Clay, near Lexington,
Kentucky.” Collected by John H. Talbutt.

The dried soil is of a dark brownish-umber-grey color. It
all passed through the coarse sieve except numerous rootlets
and some small, friable, shot iron ore. It appears to contain
no sand. The silicious residue from two grammes, left after
digestion in acids, all passed through fine bolting-cloth except
a single small grain of clear quartz, and some small, soft,
rounded particles of partly decomposed silicates.

No. 2000—** SuBsoIL of the next preceding,” &c., &e.

The air-dried subsoil is a little lighter colored and more
brownish than the surface soil. The clods are somewhat
more adhesive. It contains a considerable proportion of fria-
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The silicious residue gave a single minute

grain of transparent quartz only, when passed through the

fine bolting-cloth.

COMPOSITION OF THESE FAYETTE COUNTY SOILS, DRIED AT 212° F.

No. 1999. | No. 2000.
Organic and volatile matters . . . . . . . . . .. ... ... 4.32% 3.53%
Alumina and iron and manganese oxides . . . . . s o= s 12,168 15.666
Lime carbonate . . . . . . . i owow A A e W W m R # E .295 -345
Magnesia . . . . . . . ¢ ¢ ¢ 4 4 s o s & s 2 o s = s 4 4 o= .214 .331
Phosphuric acid L] a L] L) L] - L] . . L] - L L] - - - - - L] - I49= -
Sulphuricacid, . . . . . . . . P IRIELEE W B GweEms W ow i +| not est. not est.
Potash . . . . + + ¢« « ¢ o 0 5 ¢ e s o 6 5 5 8 a2 W o e .268 .372
S0da ;oo o: v s w o ew e e m R e w R D6 EET & e B e 038 . . . ..
Sand and insoluble silicates . . . . . . « « s« . . 0 4. . 80.090 77-71§
Water, expelledat 380°F. . . . . .. ... ... e e e e 1.800 1.300
Total .. . . . . . .. g SRR 99.690 99.868
Hyproscopic MOISIUFE . . . & & & « o v « o o = = = = o &« « & 2.850 3.37%
Potash in the insoluble silicates . . . . . . . . ..+ . ¢ . ... 1.343 1.273
‘Boda in the insoluble silicates . . . . . . - S .359 .332
: | . ;
Characterof thesoil . . . . . . . . . . &+ o . o o . . . .. JSurfacesml Subsoil.

These present all the characteristics of our rich “blue-
grass’’ or blue limestone soils. In the first place, they con-
tain no gravel, pebbles, coarse sand, or even what might
generally pass for fine sand, the whole being in such a state
of fin= division that, when the soft clods are disintegrated,
by the action of water or otherwise, it will pass through fine
bolting-cloth; yet, because of the presence of more than
three fourths of its weight of exceedingly fine silicious ma-
terial, water does not lodge on it, but readily passes through
it, so that it is easily drained; and, because of the clefts and
crevices in the limestone sub-stratum, it is usually naturally
drained through the numerous subterraneous caverns and
channels of the rock on which it rests.

These soils, moreover, present more than the usual propor-
tion of phosphoric acid, and large proportions of the alkalies,
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potash, and soda, which aid in giving to them a very durable
fertility. The proportions of alumina and iron oxide, of humus,
&c., are such as characterize our richest soils.

PHOSPHATIC LAYERS IN THE LOWER SILURIAN LiMESTONE OF FAYETTE COUNTY.

In volume 1V, new series, of Reports of the Geological
Survey of Kentucky, on pages 65 and 66, mention is made
and the analysis given, of a specimen of phosphatic limestone
extraordinarily rich in phosphoric acid. As the quarry from
which it came was not then in use, and the face of it had been
covered by fallen earth, the correctness of the statement of
the quarryman, to the effect that a layer of similar material
was sometimes as much as a foot in thickness in this quarry,
could not at that time be easily tested.

Other specimens of rock of similar external qualities, from
the neighborhood of this quarry, were examined; and when
the quarry was again opened and worked for turnpike mate-
rial, in the autumn of 1877, a more complete examination was
made by the writer, the results of which are given below.

No. 2001—** PHOSPHATIC LIMESTONE, a layer in the Lower Silu-
vian ‘ Blue Limestone' formation; tlaken from a shallow well
at the Wine House at Winton, farm of Robert Feler, about
six and a half miles novth from Lexington, on the Newtown
Turnpike. Collected by R. Peter.”

In thin fissile layers, of a dark olive-slate color, between the
harder, greyish-blue, more crystalline limestone layers. It
contains many minute fossils, especially spiral shells.

No. 2002—“PHosPHATIC LIMESTONE, from a quarry en the farme
of Jokn Keiser, on the north side of the Newtown Turnpike,
about six miles from Lexington. Collected by R. Peter.”
Sample taken from the roadside, where it had been placed

for turnpike purposes. It is of a dull, bluish-slate color, and

is quite fissile. It does not contain so many small fossils as

the next preceding.
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COMPOSITION OF THESE PHOSPHATIC LIMESTONES, DRIED AT 212° F,

No. zo01. | No. 2002.

Limecarbopate . . . . . . ., . . . « . PO TR W W ON AT 78.040 57 .440
Magnesia carbonate . . . . . . .. .. ¢ & w e o owew e s 2.332 7.327
Alumina and iron and manganese oxides . . . . . + « s 4+ & . & 4.017 8.716
Phosphoricacid . . + ¢ . . + - 4 ¢ 4 o o s o s s 4 5 s a 2.623 1.462
Siliciousresidue . . . . . . . . . b 4 0 0 e e e e e 9.8g1 21.784
Alkalies, sulphuric acid, water, &c., &c. . . « « . . . . . . .. 3.097 3.271
1 ) 100,000 100. 000

No. 2003—** PHosPHATIC LIMESTONE, from the same quarry, on
the northwest side of the Newtown Turnpike, about three miles
north of Lexington, from which the very rick specimen was
ltaken described on pages 65 and 66 of the 4th volume, new
series, of Kentucky Geological Reports. Collected by Robert
Peter.”

Taken from irregular layers, about one foot in thickness,
near the base of the quarry, say from four to six feet below
the surface of the rock, which is covered with about four feet
of earth, on the ridge or hill in which the quarry is located.
These layers are of a dark-grey color, of various thickness,
mixed more or less with lighter-grey crystalline layers. The
dark-grey portion adheres strongly to the tongue, absorbs
water [reely; it is quite tough in the mass, but somewhat
friable in the small fragments, and contains small organic re-
mains, principally fragments of brachiopod shells, some small
gasteropods, and occasionally fragments of trilobite crusts.

COMPOSITION, DRIED AT 212° F.

Lime carbonate . . . . . . . . . . . .. 49.160
Mapnesia carbonate . . . . . . . . . . . .0go )
Phosphates, with alumina, iron oxide, &c. . 46.540 Containing 21.018 phosphoric acid.

Silicious residue. . . . . . . . . . . 2.820
Organic matters and loss. . . . . . . . . 1.390
Total & ¢ & 2 % i & & % wie & w . 100,000

As it was evident, from the analyses already made, that the
phosphoric acid was quite irregularly diffused throughout these
irregular layers, eleven several samples were selected from

portions of this phosphatic layer which had been quarried and
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hauled out to be broken up for the turnpike, described as fol--
lows, viz:

No. 2004— SPECIMEN 14.—A somewhat crystalline layer,
about one and three quarters inch thick, of a dull bluish-grey
color; attached to layer 14, which was darker colored (lead
colored), more dull, and less crystalline than 1e.

SPECIMEN 2 is probably a continuation of 1.

SPECIMEN 3, probably a continuation of the same combined
layer, contained a portion of a trilobite shield, which was not
included in the portion analyzed.

SPECIMEN 4.—A thin layer, weathered of a light buff color.

SpecIMEN 5.—A dark bluish-grey or lead-colored layer; like
16, coarse granular, and dull.

SpEcIMEN 6a.—The dark grey unweathered portion of a
layer which was weathered on one surface to a grey-buff
color, showing the minute whorled univalve fossil shells very
distinctly.

SpecIMEN 656.—The buff, weathered portion of this layer.

SeeciMEN 7.—A thin layer weathered on the two surfaces;
moderately dark grey in the interior; more dense than speci-
men 1; contains the minute univalve fossils.

8.—A thin crystalline layer, of a light grey color, with not.
much appearance of fossil remains.

9.—A coarser-grained layer, containing fossil remains; some-
what crystalline, and partly weathered.

These eleven samples were severally treated for the deter-
mination of phosphoric acid alone. One gramme of each,
dried at 212° F., was digested in nitric acid with a little chlor-
hydric, and then. after evaporation to dryness, the residue was.
digested for some hours in nitric acid, diluted and filtered.
The phosphoric acid was then determined by a careful use of
the molybdic acid process, and the results obtained were as
follows, viz:
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PERCENTAGE OF PHOSPHORIC ACID 1N THESE ELEVEN SAMPLES.

In sample 12 contained 7.931 per cent. of phosphoric acid.
In sample 14 contained I9.183 per cent. of phosphoric acid.
In sample 2 contained 17.973 per cent. of phosphoric acid.
In sample 3 contained 11.508 per cent. of phosphoric acid.
In sample 4 contained 21.940 per cent. of phosphoric acid.
In sample § contained 18.421 per cent. of phosphoric acid.
In sample 62 contained 20.021 per cent. of phosphoric acid.
In sample 66 contained 11.705 per cent. of phosphoric acid
In sample 7 contained 16.502 per cent. of phosphoric acid.
In sample 8 contained 5.053 per cent. of phosphoric acid.
In sample 9 contained 13.624 per cent. of phosphoric acid.

It will be seen that the maximum proportion, that in No. 4,
is 21.940 per cent.; the minimum, in No. 8, is 5.053 per cent.,
and the general average proportion 15.896 per cent.

The greatly varying proportions of this ingredient, within
small limits, point to a very irregular local origin.

Frequently the phosphoric acid of the ancient limestone
layers is traceable to the brachiopod and other shells and
fossils which they contain. In order to ascertain how much
of it in the specimens examined is attributable to this source,
the specimens described below were collected and analyzed,
viz:

No. 2005— FossiL SHELLS, mostly Orthis lestudinaria, from
Lower Stlurian limestone layers. [Farm of R. Peler, about
seven miles north of Lexington, near Elkhorn creek.”

No. 2006—* FossiL BrancHING CH®ETETES, from the same
locality. Collected by R. Peler.’

Specimen 2005 yielded only 1.317 per cent. of phosphoric
acid, and contained 11.04 per cent. of silicious matter.

Specimen 2006 gave only 0.294 per cent. of phosphoric acid,
and 6.16 per cent. of silicious matters.

Evidently there must have been some other source of the
abundant phosphates of these layers than the shells of the
mollusca, or the corals. Possibly they may have been accu-
mulated by some process of segregation; possibly they may
be due to the fortuitous presence of some of the large ani-
mals of the ancient seas, which, subsisting on the more sim-
ple forms of organic life, may have left their excretions and
exuviz in these localities.
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However this may be, while the examination of these layers
of our limestone develops an unexpected richness in phos-
phates, their too irregular distribution amongst the poorer
layers may make their special application to the manufacture
of fertilizers too practically expensive or precarious.

FRANKLIN COUNTY.

No. 2007—**PoTTER’s CiLAY, fram a bed several feet in thickness,
in the botlom land, in what is supposed to be an old prehistoric
channel of the Kentucky river, half a mile north of Frank-
fort. Collected by fno. R. Procter.”

The specimen is part of an unburnt vessel made of the clay
at the pottery. The clay is of a grey-drab or neutral tint; it
contains some very small specks of mica and of ferruginous
matter. It calcines of a very light brick color. Fuses before
the blow-pipe.

COMPOSITION, DRIED AT 212° F.

BT s s e 0 ymovs om0 b0 15 2 6 U TMES M SGIAEON B e D OEGEAT M N N ERAED W 69. 300
Alumina, with iron and manganese oxides . . . . . . . . . « ¢« . . . . . 21.780
Limecarbonate . . . . . . . . . . . . ¢ i i i @ s s a0 oo a0 8= .158
Magnesia - = 2 o v 4 v c o & = s 3 2 % @ 2 5 » & = & &4 5 & & 8 8w o = -331
Phosphoricacid . . . . . . . 4 & & & ¢ ¢ & o v 2 s » & SUE W e WU .0bo
Potash: « & o o v v s e & 8 5 % el & % wsie o @ e cEel & W e el s 2.351
&:'t]a - ® =« = = s = - - - - - - - - - L - - - - - - - - - - - - - - - - 1585
Water and loss. . . . . ¢« o ¢ ¢ s 4 o o o 0o 5 « » = & ol Gl R e 5.435

Total o & = S 5 6 b e & 5 8 el & W B ee w B o W @ @ oa o S | 100.cOO

Ten grammes of the clay, dried at the common tempera-
ture, washed quickly with water, gave 2.45 grammes of jfine
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.

GRANT COUNTY.

In an investigation made by Mr. C. J. Norwood of the char-
acter of the subsoils, under-clays, and other earthy material,
excavated in making some of the deep cuts on the line of the
Cincinnati Southern Railroad in this county, the samples de-
scribed below were collected by him, and sent to the Chemical

Laboratory for analysis.
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No. 2008—** MATERIAL, from just below the top soil, extending
in thickness from eighleen inches lo two feel, down lo the sur-
Jace of the material claimed to be “Hard Pan,” next below

described, at section 29, in lhe cul af station 295 on the C. S.
. B

Quite a tough clayey material, generally of a light grey-buff
color when dry, mottled with light grey, and penetrated in all
directions with what appear to have been vegetable rootlets,
now mainly decomposed, and of a deep manganese oxide color.

No. 2009—*“ MATERIAL, claimed lo be * Hard Pan,’ beginning at
two feet below the surface and extending to the bed-rock.”
Rather more tough than the preceding, which it resembles

in color, except that it has more of the light grey mottling

and less of the manganese-like infiltrations. The bolting-
cloth separated, from the silicious residue of these two under-
clays, only a very few quartz grains.

No. 2010—* Tor SoIL, ﬁ*ém an old field owned by the heirs of
Richard Dickerson. Section 30, cut at station 337 on the C.
S. R R

Dried soil of a light grey-brown color; friable.

No 2011—“S0IL, from just below the lop soil, from the same
locality as the next preceding,” &c., &'e.

This dried subsoil, of a firmer, more clayey consistence than
the preceding. is of a nearly uniform grey-buff color, mottled
somewhat with light bluish-grey, and with some manganese
oxide-like infiltrations.

No. 2012—** SUBSOIL, from the same localily as the two preceding,
from just below the next preceding, to the depth of two feel."
A clayey subsoil, grey-buff, mottled with light bluish-grey.

with some dark colored manganese oxide infiltrations. Very

much like 2008 and 2009, but not so tough as these.
385



40 CHEMICAL REPORT.

No. 2013—'*Sussor. oR UNDER-CLAY, seven inches thick, from
the same locality, and immediately below the next preceding,”
&c.

Resembles the next preceding, but shows more manganese
infltrations, with some small spheroidal concretions of the
same, forming blackish spots.

No. 2014—* SussoIL OR UNDER-CLAY, from the same locality,
one fool thick, lying immediately below the next preceding.”
This is a very tough clay-like material, darker in color than

the next preceding; of an ochreous greyish-brown tint, with

some little mottlings of bluish-grey, and some manganese-like
infiltrations.

No. 2015—SuBsoIiL OR UNDER-CLAY, from the same localily,
one fool thick, lying just below the next preceding, and imme-
diately above the bed-rock.”

This is also quite a tough material, showing more mottling
with bluish-grey clay than the preceding, and some manganese
infiltrations, and containing some small calcareous nodules.

The bolting-cloth separated from the silicious residues of
all these six subsoils or under-clays a considerable proportion
of dull, angular fragments of what appeared to be hard sili-
cates, which had not been decomposed by the acids in which.
they had been digested in the process of analysis.

COMPOSITION OF THESE EIGHT GRANT COUNTY SOILS, SUBSOILS, &c.,
DRIED AT 212° F.

No. 2008 [No. z009 [No. z010.[Ne zo11.|Neo. 2012.|No. z013.|No. 2014 [No. zo15.

i e ey S 13.849 | 12.67% 6. 847 9.1990 | 11.672 | 12.8564 | 15.237 24. 465
limecarbonate . . . . . .. .. 1. 420 1. 465 . 200 .190 .165 225 2. 9.43
agmesia . ... ... ..., .513 . 6oo . 420 . 420 .ﬁ .6og g; 2
Phosphoricacid. . . . . . . . . .636 -4 .188 .oB6 oI 236 .Bx3 sig
Porashi T oo 0w wl el B .052 733 .558 .56 .579 .259 1124 65y
Soda ... ... e e e .oz 617 .317 . 368 . 104 . 246 .o1g 245

w.:l.z_ri:nd organic marters Jost on e
ignition . ., . .. ... ... 5.515 40 5.425 4. 100 4-450 s. 4-950 4.435
Sand and insoluble silicates . . . 77.340 75,965 86.165 | Bs.460 | Bz2.490 | Bo.v15| 75.240 50.940
Total 50 S5 a cn u eis ma 190.607 | 100.937 | 100.130 | 99.979 | 100.046 | 09.854 | 100.066 | 100.044
P
Hygroscopic moisture . . . . . . s5.710 | s.9%0] 32.750| 3.400| 3.B25 s.050| 6.575 5.250-
Potash in the insoluble silicates . 2,534 2,571 1.68 3. 1. 7. 2. 410 2.
Soda in the insoluble silicates . , 45.;9 l.i!‘. 35; ?lg: .‘:I;; ; :uj g}
Cha of . | Under- g Under- | Under- | Under- | Under-
TAcler tlﬂ: “.ﬂe " s oW Subsoidl :h"- 50'1. Suhml. d",’. Ch,- d.l’- dl,'-
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Subsoils 2008 and 2009, from the same locality, resemble
each other, nearly, in chemical composition ; their great tough-
ness, mainly due, no doubt, to their large proportions of
alumina, may be partly owing to their peculiar mode of
aggregation. Their composition, with the exception of the
absence of any notable quantity of /fumus, is that of our rich-
est soils; but their physical condition is no doubt unfavorable
to fertility. These, as well as the six other samples, were
doubtless derived mainly from the so-called ‘“ mudstone ”’ strata
of the Lower Silurian formation. In these latter samples a
regular increase, in the proportion of the aluminous materials,
may be observed. as the depth from the surface increases,
indicating probably the influence of the infiltration of surface
waters. In nearly all of these clays there are large propor-
tions of phosphoric acid and potash.

Other similar samples, collected by Mr. Charles J. Nor-
wood, from the deep cuts of this railroad in Grant county, are
described below, as follows:

No. 2016—** SUBSOIL, fwenty-one inches thick, just below the top
sotl, which is one foot thick. In front of Mrs. Mary Rens-
laer’'s house. Section 33. Second cut from the novth end of
the C. S. R. R., Grant county.”

Dried subsoil in yellowish-brown, somewhat friable clods.

Some little mixture of light ash-grey material observable in it.
The bolting-cloth removed, from its silicious residue, a con-

siderable proportion of soft granules of partly decomposed

silicates, but no silicious particles.

No. 2017—'* UNDER-CLAY, from the same localily, eighteen inches
thick, lying immediately under the preceding subsoil, and ex-
tending down to the underlying limestone,”’ &c.

This resembles the preceding generally, in color, but is
much more tough, and has some dark ferruginous or man-
ganese discolorations, and a little more of the light colored
material.

The silicious residue also contains a large proportion of
soft, partly decomposed silicate granules.
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No. 2018—'*SURFACE SOIL, fo the depth of fifteen inches. Sec-
lion 34. Second cut from the south end, C. S. R. R.,” &c.
A friable earth of a light grey-umber color, containing a few

-dark concretions. The silicious residue all passed through the

bolting-cloth, except a few soft granules of partly decomposed
silicates.

No. 2019—** SUBSOIL, from the same locality as the last, nineteen

inches thick, next below the surface soil,” &c.

A somewhat friable subsoil, having a more ferruginous tint
than the preceding, and showing some dark colored infiltra-
tions. Silicious residue like the preceding.

No. 2c20—** UNDER-CLAY, one fool thick, same locality as the

preceding,” &c.

A somewhat tough clay. Mottled, with light grey-ferrugi-
nous of various tints, and nearly black infiltrated manganese
oxide. Silicious residue like the preceding.

No. 2021—** UNDER-CLAY, eighteen inches thick, just below the
preceding,” &c., &

A tough clay ; mottled like the preceding.

No. 2022—* UXDER-CLAY, fwo feet thick, on the bed rock, same

locality as the preceding,” &c., &e.

Mottled like the preceding. Some parts of it compact and
laminated. Contains occasional fragments of limestone and

sandstone. Silicious residue like the preceding.
COMPOSITION OF THESE SOILS, SUBSOILS, &c., DRIED AT 212° F.

No. 2016. | No. 2z017. | No. zo18 | No. zoug | No. 2020, | No, 2021. | No. 2033,

oxides . ... 0000 17.502 27.353 9.540 10,222 18.593 15. 437 11.7g3
Lime carbonate . . . . ... ... 1.115 4.555 .575 m 275 1.725 B.240
Hagnﬂla_. R L1501 .2bb .312 . . 402 -6 .Bay
Phosphoricacid . . . . . . . . .. 473 - 457 -345 .313 .393 473 -7
Potash _ . . . ... ..¢0:..::. .Bog 1.585 .587 150 611 % ;.;,&
Soda ... . ... ........ .05z AIE e sim il mowin .165 .359
Water and organic matters lost on

ignition . . . . . sow wtins e 5.365 4.675 5.675 3.780 6.290 6.085 4.990
Sand and insoluble silicates. . . . .| 75.090 | 6o.¢67| B3.700| 84.800 73. 575 75. 890 71.924

Fowahsiia dEie B8 on s 100. 557 99-983 | 100.824 99.911 | J100.304 | foo.66y 100,000
Hygroscopic moisture . . . . . . . notest. | notest. | motest. | notest. | motest. | notest | notest.
———— Ll - —
Potash in the insoluble silicates. . | 1.542 1. : .88 2 428 F
Soda in the insoluble silicates. . . | e el M B - | Nt
= e | — I==-.

Under- | Surface Under- Under- Undes-

Characser of the ple .. v .. Subaoil. clay. soil. Subsoll. clay. clay. day,
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These seven soils, subsoils, and under-clays present a gen-
eral resemblance, in composition as well as in physical char-
acter, to the eight described above. The same remark will
apply to the six remaining samples described below, from
section No. 35, on the same railroad.

No. 2023—* Top SoiL o about one foot in depth, from the cut at
the north end in section 35, on the Cincinnati Southern Rail-
road, Grant county. Collected by C. J. Norwood.”

The dried soil is in friable clods of a dirty drab color, mot-
tled with yellowish and ferruginous. The silicious residue,
left after digestion of the soil in acids, all passed through the
bolting-cloth, except many soft, whitish, rounded grains of
partly decomposed silicates.

No. 2024—** SUBSOIL, fwenly-one tnches thick, immediately below
the top soil, from the same locality,” &c.
Dried subsoil in friable lumps; mottled with light grey and
ferruginous of different tints. Silicious residue like that of
the preceding.

No. 2025—* UNDER-CLAY, fwo feet thick, lying just under the
preceding. Same locality,” &e., &e.
A tough clay, mostly of an ochreous yellow color, mottled
with grey-ferruginous, with some nearly black infiltrations of
manganese oxide.

No. 2026— UNDER-CLAY, eig/ht inches thick, just under the next

preceding.  Same locality,” &c., &c.

Dried clay not quite so tough as the next preceding; of
rather a lighter yellowish color; mottled like that, but with
less of the dark colored material. Silicious residue like that
of the preceding.

No. 2027—“ UNDER-CLAY, six inches thick, just below the next

preceding. Same locality,” &c., &S'c.

Dried clay in rather friable lumps, generally of a light yel-
lowish brown color, mottled with light ochreous yellow. Sili-
cious residue resembling that of the preceding.
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No. 2028—* UNDER-CLAY, twenly-six inches thick, just under the
next preceding, lying on the limestone bed rock, and in some
places seeming lo replace the bed rock. Same locality as the
preceding,” &c., &,

Dried clay in rather tough clods, of a brownish yellow color,
much mottled with dark brownish ferruginous. Silicious resi-
due like that of the preceding.

COMPOSITION OF THESE SIX GRANT COUNTY SOILS, SUBSOILS, AND
UNDER-CLAYS, DRIED AT 212°F.

I

No. 2023. | No. 2c24 | No. 2025. | No. 2026. | No. 2027. | No. 2028,
_Alumina and iron and manganese oxides. . . . 7.225% 9.852 16.B27 14.492 1. 124 23. 100
Limecarbonate. , . . . . . .. ..« s s s - 470 .390 1.640 .35 4-305 3.640
Magnesia . . . . s« i s v s s e a e n e .303 447 .645 ﬁ:g . 420 .723
Phosphoricacid . . . . . . . . . s s o« s .185 :g -358 -35 361 - 505
Porash . 5w whieis e e ieis e .738 . .3I3 . 760 .210 .534
T Y T 337 - e . .. 308 . ... .
Water and nic matters lost on ignition . . . 4.650 3.040 5. 400 4-450 5.025 5.850
Sand and insoluble silicates . . . . . . . . .. 87.065 84.700 75.040 77- 440 68. 515 66. o
Wotal: i s e arwie eeiE e wW 100,636 | 1o0.029 | 100.460 | 100.424 | 100.268 100. 242
Hygroscopicmoisture, ., . . . . « v « ¢« « « + not est. not est, not est. not est. not est. not est.
Potash in the insoluble silicates . . . . . . . . 1.812 1.673 2. 103 z.851 2. 700 2.B6%g
Soda in the insoluble silicates . . . . . . . , . .g22 677 .433 AXT -378 | - 449

Character of thesample . . . .. ... ... Top soil. | Subsoil, Uch“d; 2 Ud"f;r' "i'l'ad;_"' lif:;"

The general remarks on the first and second groups of these
-samples will apply equally well to these.

GRAYSON COUNTY.

No. 2029—“VIrGIN SoIL, fo the depth of about eight inches;
Srom Grayson Springs, about four hundred yards west of the
railroad. On the Leitchfield marl. Chester Group. Native
SJorest growth, mostly while oak. Yield: of corn, 25 lo 40
bushels ; of wheat, 12 lo 15 bushels; of tobacco, 800 lo 1,000
pounds per acve. Good for clover and grasses. Collected by
Jokn H. Talbutl.”

Dried soil, somewhat cloddy, of a light buff-grey color.

The silicious residue all passed through the bolting-cloth.
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No. 2030—*“ SUBSOIL of the preceding, taken to the depth of three
Seet. Collected by fohn H. Talbutt.”
The dried subsoil is of a dirty orange-grey color. The
silicious residue, after digestion in acids, all passed through
the bolting-cloth.

COMPOSITION OF THESE SOILS, DRIED AT 2:12° F.

No. 2029. | No. 2030.
Organic and volatile matters . . e b e e e e e s 3.239 2.534
Alumina and iron and manganese oxides .« v v ou i e . 3.096 | 4.781
Limecarbonate . . . . .« . . ¢« « ¢« « o« & s = » = = i e G .020 .045
Magnesia - - - - . - L2 - L] . - - - - . . - - - - - - - .W7J| Eﬁl
Phosphoricacid « ¢ « ¢ ¢ + ¢ = ¢ 4 ¢ o 0 s ¢ s 06 0 0 o 0 o 144 159
Sulphuric icid. Ll - L & - L - LI - = ® = - & = = - LI I.'IDI CSI‘.- IlOt CSL
Potash . . . . . i oE S R oeed BB e e iR EL e s . 160 . 10O
BOUE o 5 & st din i Wi kB .268 | .102
Water, expelled at 380°F. . .+ i s s hne e v R Al o TE .soﬁi .483
Sand and insoluble silicates. . . . . . . . . e s s s e e e 91.865 | 91 .490
Total .« v v v v e e e e e e e s eevesessn| 99.305!  99.775
Hygroscopic moisture . . . . . . . . . R . . I.200 1.575
Potash in the insoluble silicates . . . . . . . . . . . . . . . . 0.927 1.198
Scda in the insoluble silicates . . . . . « « . « « . . R R R .262 || .254
-Characterof thesoil. . . . . . « . . . . . ¢ O R § W e Virgin soil.| Subsoil.

These soils, of average natural fertility, would require the
application of lime or marl, with phosphatic and alkaline fer-
tilizers, to enable them to maintain, indefinitely, a high degree
of productiveness. Judicious rotation of crops, including the
sufficient use of ameliorating clover or grass crops, to be
grazed or plowed in, together with barn-yard manure, might
keep them in good condition for quite a long period, without
the application of any outside fertilizers, especially if the pro-
ducts were consumed upon the farm; but when these are ex-
ported a gradual deterioration must result in all soils, unless
the essential mineral ingredients carried off in the products

are in some manner restored.
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GREENUP COUNTY.
C *ALs.

No. 2031— CoAL, from Cane Creck Mines. New opening in
the No. 3 Coal, near Hunnewell Furnace. Average sample
No. 1; sent by Mr. H. W. Bales, Vice President of the Eastern
Kentucky Railway Company.”

A fine-looking coal, pitch black, breaking into thin laminz,
with no apparent pyrites, and some fibrous coal.

No. 2032—*"* CoaL. Average sample No. 2; taken from about
one hundred yards from the place of the preceding sample.
Same locality,”” &c., &c.

Coal not quite so bright as the preceding sample.
granular pyrites apparent between the laminz.

Some

No. 2033—CoaLr. Average sample No. 3; from the same local-
ity as the two preceding ; taken about one hundred yards distant
Srom the others.”

Resembles the last sample, but has no apparent granular

pyrites. Some fibrous coal between the laminz.
COMPOSITION OF THESE GREENUP COUNTY COALS, AIR-DRIED.
No. z031. | No. 2032. | No. 2033.
Specific gravity . . . . . . . . . .. . L .. .. 1.345 1.344 1.383
— - — - — ———— - — - e g -._—-—-F“-II —_
Hygroscopic moisture . . . . . + & ¢ 4 & & =« « . . 6.33 5.77 6.03
Volatile combustible matters . . . . . . . . . . .. 32.42 33.28 30.77
Coke.. . . . .. s wod & W W s e 61.25 60.95 63.20
Total . . . . . . . . . . e e s e e e e . 1CO.00 100.00 100.00
— ————— ] — —— — R ——
Total volatile matters . . . . . . T— - . 38.75 30.05 | 36.80
Carboninthecoke . + s oo o 5 ¢ 2. a2 o 5 ¢ s 53 30 52.40 50.65
Ash ----------- - - - - - L - - - - - L] 7-95 8-55 12.55
Total R R O TR L R e Woa 100.00 100.00 | 100.00
Character of the coke . . . . . . . . R Denise VEnke e
spongy. | spongy. | spongy.
Colorof theash. . . . . .. . ... s s e e s  Light Laght o
: lilac-grey. | lilac-grey. | lilac-grey.
Percentageof sulphur. . . . . . . . . . .. ... 1.277 0.900 1.458
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Considerable local differences may be observed, in the rel-
ative proportions of ash and sulphur, in these samples from
the same coal bed. They are all good coals of the variety
““splint,”” or ‘*semi-cannel,” to which the celebrated * block
coal” of Indiana belongs.

HARDIN COUNTY,
SoILs.
No. 2034—"* VIRGIN SoIL, from the farm of Gov. [no. L. Helm,

one mile north of Elizabethtown, Hardin county. Forest

growth: beecch, hickory, and oaks. Geological formation.: St.

Louis limestone. Collected by the Rev. H. Hevizer.”

The dried soil is of a light yellowish-grey umber or dark
drab color. The clods are friable. The coarse sieve removed
from it a small quantity of ferruginous gravel. The silicious
residue, after digestion in acids, all passed through the bolting-
cloth, except a small quantity of fine quartz sand and a few
particles of partly decomposed silicates.

No. 2035—**SURFACE SolL, whick has been in cultivation for
sixty years. [From the same localily as the preceding soil.
Average crops: 35 lto 45 bushels of corn; 12 bushels of wheat,
&e. This farm is considered a poor and worn out one. De-
cayed rock six to eight feet. Collected by Rev. H. Hertzer.”
The dried soil is of a dirty-buff color; the clods quite firm.

The coarse sieve separated from it a small quantity of ferru-

ginous gravel. The silicious residue left on the bolting-cloth

some fine quartz sand of various colors, and some grains of
partly decomposed silicates.

No. 2036—** SUBSOIL of the two preceding soils,”" &c., &e.
This dried subsoil is of a handsome deep orange buff color.
Its clods are quite firm. The coarse sieve removed from it
about five per cent. of rounded ferruginous gravel. The sili-
cious residue resembled that of the two preceding samples.
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COMPOSITION OF THESE THREE HARDIN COUNTY SOILS, DRIED AT 212° F.

|

No. 2034. | No. 2035. l No. 2036.
Organic and volatile matters . . . . . . . . . . .. 4.495 2.575 2.350
Alumina and iron and manganese oxides. . . . . . . 5-579 6.520 9.807
Lime carbonate . . . . . . P e w o e P oeor e oee .340 .215 140
Magncsiﬂ . . - - - - . * ® & 4 & = - - - - - - '23& 122? izzs
Phosphoricacid « . + « o o ¢ ¢« = ¢« o ¢+ ¢ ¢ s s & .o71 .070 .083
Sulphuricacid. . . . . . . . . ¢ 4 0 4 s e e 0. . not est. not est. not est.
Potnsh - . . L] - - L] 4 = = = 2 @& - - - L - L] - - L] '49 L I Ig -z?o
Sﬂda lllllll - - - L - L] - - L - - - - -oj? - . - - sl = 2 = & @
Water, expelledat 380° F. . . . . . . . . . . . . . 1.675 .950 .925
Sand and insoluble silicates. . . . . . - + = & . . . 87.675 89.140 | 85.500
Potsl 5o ¢ s s s SR RS E 3N WE £ 53 | 100.307 | 99.816 | 99.388
Hygroscopic moisture . . . . . . . . . . . . . . 5 1.900 1.510 2.050
Potash in the insoluble silicates . . . . . . . . . . . 1.250 1.037 0.848
Soda in the inscluble silicates. . . . . . . . . .. .432 .376 .286

Characterof thesoil. . . . . . . . . .. « + » + «|Virginsoil, Old field | gy 40051,

soil.

The greatest apparent deficiency in these soils is of the
phosphoric acid; this is apparent even in the so-called virgin
soil. There can be little doubt that the use of top-dressings
of bone-dust, superphosphate, or guano would greatly in-
crease their fertility. Although the old field soil shows evi-
dence of the diminution of its essential mineral ingredients,
as well as of its organic and volatile matters, tumus, it is by
no means to be considered “ worn out.” Judicious culture to
restore its /fumus, by means of clover or other green crops,
grazed and plowed in, with the use of phosphatic fertilizers,
&c.. would soon restore its fertility, if the land is properly
drained.

No. 2037—*VIrGIN SoiL, frem the farm of J. TV. Fowler,
Colesburg, Hardin county. Forest growth: poplar, beech,
sugar-tree, white and black oaks, hickory, &c. Geological
Jormation : St. Louis Group. Blue calcareo-argillaceous
shales. Decomposed rock three to four feel. Collected by the
Rev, H. Hertzer.”

This dried soil is of an umber-grey color. The coarse
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sieve separated from it 4.31 per cent. of rounded fragments
of silicio-ferruginous concretions or sandstone, with a little
chert. The bolting-cloth removed from the silicious residue,
after the usual digestion in acids, some small particles of
partly decomposed silicates, and a portion of a very small
encrinital stem.

No. 2038 —* SURFACE SolL, #irty-four years in cultivation.
From the same farm as the preceding soil, &c., &c.  Aver-
age crops: of corm, 35 bushels; wheat, 16 bushels; oats, 15
to 20 bushels ; of hay, one and a half tons per acre. Collected
oy Rev. H. Hertzer.”

Dried soil of a lighter and more yellowish-grey color than
the preceding. The coarse sieve removed from it nearly
seven per cent. of rounded ferruginous sandstone gravel or
concretions, with some cherty fragments. The silicious res-
idue resembled that of the preceding soil.

No. 2039—** SUBSOIL of e next preceding,” &c., &e.

The dried subsoil resembles the next preceding soil in color.
The coarse sieve separated from it nearly nine per cent. of
angular cherty fragments, with some silicified portions of en-
crinjtal stems and ferruginous gravel. The bolting-cloth
removed from the silicious residue a few particles of partly
decomposed silicates, one or two small clear quartz grains,
and two fragments of minute silicified encrinital stems.

No. 2040—* VirGIN SoiL, from the farm of Van Burcn an-
decraft, on Muldraxgl's Hill, at Colesburg, Hardin county.
Forest growth.: poplar, beeck, white oak, chestnut oak, sugar-
tree. Geological formation: St. Lonis Group. Decayed rock
one to two fect. Collected by Rev. H. Hertzer.”

Dried soil of a light buff-grey color. The coarse sieve
removed from it 10.55 per cent. of angular cherty fragments,
with some silicified encrinital stems and iron gravel. The
bolting-cloth separated from the silicious residue a consider-
able proportion of partly decomposed silicate grains, some
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resembling reddish felspar, with some minute silicified en-
trochi, and a few quartz grains.

No. 2041—'*SURFACE SolL, fifty years in cultivation. From
the same farm as the preceding soil. Average crop of corn,
twenty bushels. Collected by Rev. H. Hertzer.”

This dried soil is of a brownish salmon color. The coarse
sieve separated from it only a small proportion of iron gravel,
and a small rounded quartz pebble. The silicious residue
resembled that of the preceding soil.

No. 2042—*“ SUBSOIL of the next preceding soil,” &c., &.

The dried subsoil is of a handsome light brick red color.
It all passed through the coarse sieve. The bolting-cloth re-
moved from the silicious residue a considerable quantity of
partly decomposed silicate grains, which were easily crushed
under the finger, together with some blackish silicified por-
tions of encrinital stems, &c.

COMPOSITION OF THESE SIX HARDIN COUNTY SOILS, DRIED AT 212° F.

| |
No. 2037. | No. 2038. | No. 2030  No. 2040 | No. 2041 | No. z043.
1

Organic and volatile matters , . . . . . ... -185 s.400 | 4.500 4.610 3.085 3.550
Alumina and iron and manganese oxides. . . . g‘ 705 8.228 B.3a7 6.033 6. 507 1254
Limecarbonate . . . . . . v v v o o = = « = 1.350 .25 465 -390 . 290 315
Magnesia . . . . . v 4 v o s v 4 v o n s e SB24 -1a7 .142 .o70 .O40 025,
Phosphoricacid . . ... ... ...... .203 172 .123 102 .o38 .ob1

Sulphuricacid . . . . & & ¢ v & 4 40 0. .. notest. | notest. | notes:. | notest. | notest. | Dot est.
Poggah 02000 sl Dbl SR SR G -595 279 -173 -316 -035 -25t
B0d8: .oe mces wommswemE mem mae sEie W .ori .a18 077 x .o?5 .T68
‘Water, expelledat 38°F. . . . ... .. .. z.715 1 2.075 2.000 1.6z5 1.150 1.550
Sand and insoluble silicates . . . . . . . . .. 77.905 83 ooo B4. 440 86.155 BE.g40 83.490
Toral oo v eowid ae wEE Eowrs 100.793 99.004 | 100,269 99.590 | 100.200 100, 564
Hygroscopic moisture. . . . . . . . ... .. 2.88s 2.3:5'| z2.2635 1.815 1.335 2.575

i

Potash in the msoluble silicates . . . . . . ., I 2.910 | 2. 226 1.137 | o©. 1. 1.32

Seoca in the insoluble silicates , . . . . . . . . i 1 ?56 .786 ;g:':' | 3;? . ;3:,: 352
A — il S

—— = _ e —— —_——

Characterof the soll . . . . . . ....... l\rjrgin m.rl ld Reld | Subsoll. |Virgin soil] O'd field l Subsail.

It is interesting to notice in these soils the changes in com-
position brought about by long cultivation without the use of
fertilizers. In the case of soils Nos. 2037 and 2038 the or-
ganic and volatile matters have been reduced from 9.185 to

5.400 per cent. by the thirty-four years of cultivation; the
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lime carbonate from 1.350 to 0.625; the phosphoric acid from
0.203 to 0.172, and the potash from o.595 to 0.279 per cent.,
while the percentage of sand and insoluble silicates is in-
creased from 77.915 to 83.090 per cent. In the soils Nos.
2040 and 2041 we find that the sixty years’ cropping of the
latter have reduced some of its essential ingredients in still
greater proportion. The organic matters, &c., are reduced
from 4.610 per cent. to 3.085; the lime carbonate from 0.390
to 0.290; the phosphoric acid from o0.102 to 0.038 per cent.,
the potash from 0.316 to 0.035 per cent., and the sand and
insoluble silicates are increased from 86.355 to 88.940 per
cent.

The first set of soils was evidently naturally the richer; and
the relative present productiveness of the soil of the two old
fields corresponds nearly with their comparative richness or
poverty, as shown by their chemical composition; for while
the soil No. 2038 produces thirty-five bushels of corn per acre,
soil No. 2041 yields only twenty bushels. This latter soil is
greatly in want of phosphatic fertilizers, as well as those con-
taining potash salts. There is no apparent reason why, by
the proper use of such fertilizers, barn-yard manure, and a
judicious system of rotation, with the cultivation of amelio-
rating green crops for grazing purposes and for plowing under,
these soils may not be brought to and maintained in a condi-
tion of profitable productiveness.

HARRISON COUNTY.

No. 2043—Somne LEaD ORE (galena), mixed with zinc blende;
n a gangue of bavium sulphate, whick included some angular
Jfragments of embedded limestone; was brought to the labora-
tory by Mr. John R. Procter for analysis.

This ore, reported to be argentiferous, is found in a vein of
heavy spar, on the farm of the late Mr. Shawhan, one mile on
the Lexington side of Cynthiana, on the Kentucky Central
Railroad.
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The lead sulphide was disseminated, in rather small propor--
tion in the samples brought, throughout the gangue, and when
reduced in the usual way, and analyzed, both by the wet way
and by cupellation, it was not found to yield more than a trace
of silver, in a lead button weighing more than eight grammes,
obtained from thirty grammes of the galena: so that it evi-
dently could not be profitably worked for this precious metal.
The rather small proportion of lead ore seems also to preclude
the profitable operation of this mine for the baser metal.

HOPKINS COUNTY.
SoiLs.

No. 2044—** VIRGIN SoIL; surface soil lo the depth of thirleen.
inches; from woods on the farm of Mr. Mills, near Nortons-
ville. Collected by John H. Talbutt.” [Forest growlh gener-
ally oaks. Slope of the surface west-south. Sample taken
near the base of the hill, near a coal-shaft.

The dried soil is of a dark umber-grey color. The coarse
sieve removed from it a few small ferruginous concretions.
The bolting-cloth separated from the silicious residue, remain-
ing after the digestion in acids, 16.5 per cent. of the soil of
fine white sand, composed of rounded quartz grains.

No. 2045—*“ SUBSOIL of the preceding,” &'c., &c.

The dried subsoil is in friable clods, of a brownish buff color.
It all passed through the coarse sieve. The bolting-cloth re-
moved from the silicious residue 10.50 per cent. of the soil

of fine white sand, like that of the preceding.
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COMPOSITION OF THESE HOPKINS COUNTY SOILS, DRIED AT 212° F.
No. 2044. | No. 2045.
Organic and volatilematters . . . . . . . . . . . . . . ... 2.830 2.090
Alumina and iron and manganese oxides . . . . . . . . . . . . 4.952 6.883
Lime carbonate . . . . . . . & . 4 v 4 v 4 4 ¢ o o & o o & .080 | a trace.
*1aE“E5in - - . L] . - - - L] - L] - - - - = ® = ® ® & = L} l% - lsl
Phosphoricacid . . . . . . . . . ...« ... A .08; 07T
Sulphuric acid. o v o o = o sow 5 6 8 3o 6 v w e EE w w e e not est. | not est.
Potash ¢ o & o vie v w2 o o % B L AT 1145 .307
SOda IIIIIIII L] L] L] - L] L] L] L] . - - . - L] - . -050 -----
Water, expelled at 380°F.. . . . . . .. .. ... .. ... 737 .660-
Sand and insoluble silicates . . . . . . . . . .. .. 00 0., g0.540 89.700:
Total: ¢ s 2 3d 63 86 wéd e S GV e dga s v eq s 99.543 99.898.
Hygroscopicmoisture . . . . . . . . « & ¢ 2 & 4 o 4 4 . . . I1.085 1.285
Potash in the insoluble silicates . . . . . . . . . . . . . .. 1.693 1.458
Soda in the insoluble silicates . . . . . . . . . . . .687 .6g7
Characterof thesoil . . . . . « . « & .+ ¢ o 0 v o o 0 o o Virgin soil.| Subsoil.

These must be classed amongst the naturally weak soils, es-

pecially because of their small proportion of lime and phosphoric
acid. These necessary ingredients can, however, be easily sup-
plied in bone-dust, superphosphate, or guano, which, with a
further supply of potash in some appropriate fertilizer, might
make this soil quite productive, especially if proper means be
used to increase the proportion of Zumus, organic and volatile
matters, which are also in too small proportion in this soil.

JACKSON COUNTY.

No. 2046— BLack BAND IrRoN ORE. On fop of the thirty-four
inch coal. Coyle's Bank. Big Hill, Jackson county. Col-
lected by John R. Procler.”

A dull, rusty-black ore; ferruginous on the weathered sur-
faces; shaly in structure. Some small reedy impressions be-
tween some of the irregular laminz. Some granular pyrites

apparent also.
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COMPOSITION, DRIED AT =z12° F.

Iron carbonate. . . . . . . . . .. .. ... . 70.168, containing 33.875 iron.

Alumina and trace of manganese oxide., . . . . . . . . .430

Lime carbonate . . . . . . . . 4. 4 4 s s 2 s = .930

Magnesiacarbonate . . . « . « « ¢« o s ¢ s 0 ¢ ¢ ¢ o 2.808

Phosphoricacid . . . . . . + v & 4 4 ¢ & o o o & » & .345 = .151 phosphorus.

Sulphur . . . . . . . ¢ 0 s s o s s 8 e e e .264

Bituminous matters. . « . - = s = = = = = = . s s = = 18.540

Siliciousresidue . . . . . « + ¢ & « 4 4 4 s 2 0 s = = 6.230, containing 4.960 silica.
Tollls v v s % wed o % d W & B W e TR B B oW 99.805%

If this ore is found in sufficient abundance, it may be smelted
with advantage, for the production of iron of a low grade for
ordinary purposes. Deducting the 18.54 per cent. of bitu-
minous matters, which will act in the smelting furnace like so
much fuel, the percentage of iron to the remainder is more
than forty-one and a half.

JESSAMINE COUNTY.

No. 2047—* MINERAL WATER. Salt sulphur walter, from a
well fifteen feet decp; in the Lower Silurian blue limestone
on the farm of fames Llewellyn, on the Russell's Tavern turn-
pike, about two miles west of Nicholasville. Sample brought
by Mr. B. M. Arnott.,”” (Analyzed by my son, Alfred Mer-
edith Peter, under my supervision.)

The water, brought to the laboratory in a stone-ware jug,
corked and well sealed with wax, smelt strongly of hydrogen
sulphide, but was somewhat turbid with a dark grey precipitate
of iron sulphide, &c.

SUMMARY OF THE ANALYsIS MaDe.

Carbonic acid gas, present but not estimated, because a part
had escaped. Hydrogen sulphide gas, the quantity yet re-
maining was 0.015 gramme per litre, equal to 0.109 grain or
0.3 cubic inch per wine pint. Of course much more is present
in the water at the well. The following named carbonates
were found in the water, they being held in solution by the
carbonic acid present, viz: lime, magnesia, iron and strontia
carbonates, making a total weight of 0.276 gramme per litre;
equal to 1.592 grains per wine pint of the water. (The litre
equals 1000 grammes.) In the water, which had been boiled
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-and had deposited these carbonates, the following ingredients
were found:

In a wine pint of the

In 1coo parts. wﬂpﬂ_
Lime sulphate . . . . . . . . . . . . .. 0.016 o.117 of a grain,
Potash sulphate. . . . . . . « « . . . .. not estimated.
Magnesium chloride. . . . . . . . . . . . 71 1.244 grain,
Sodium chloride . . . « « ¢« &« &« « « . .+ . much ; not est.
Lithium chloride . . . . + « « . « « « « .| a marked trace.
Sodium bromide . . . . . . . . & &« . . considerable.
Sodium sulphide . . . . . . . .. .. .. .052 .379 of a grain.
Silica . . T B E RS R EEE not estimated.
Organicmatters . . . . . . . & « & ¢« « . not estimated.
Total saline matters. . . . . . . . . . . 4.882 per litre. 35585 gr?:?:;;i:‘l:?

This is a very good salt sulphur water, resembling in its
general composition the waters of the Blue Lick Springs and
of Col. J]. W. Hunt Reynolds’ well, near Frankfort, as well as
that of the salt sulphur well at the Olympian Springs, in Bath
county.

The free hydrogen sulphide (sulphuretted hydrogen) and
the sodium sulphide are nearly in the same proportions as in
the Lower Blue Lick water; but the total saline matters are
only about half as much. The difference may be mainly in
the sodium chloride or common salt. These total saline mat-
ters, about five parts to the 1000 of the water, or about 55.5
grains to the wine pint, are nearly in the same amount as in
the salt sulphur water of the Olympian Springs; but this
water contains larger proportions of sodium sulphide and iron
carbonate than that. It also is evidently somewhat stronger
in hydrogen sulphide than the Olympian water.

There can be no doubt that this salt sulphur water may be
beneficially employed, under judicious medical advice, in the
treatment of many cases of disease for which sulphur waters
are appropriate, especially as it is somewhat chalybeate when
taken fresh from the well. Like all other sulphur waters, it
soon decomposes when exposed freely to the air.
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A more complete analysis would be necessary to determine
the exact proportions of all its ingredients, requiring a visit to
the well, for the testing of the recent water, and the use of a
larger quantity of it at the laboratory.

LINCOLN COUNTY.

No. 2048—MiINeraL WATER. ““Salt sulphur water, from a
spring in the Black Devonian shale, at the Cincinnati South-
ern Railroad bridge over Green river; at about the level of
the river; discovered by excavatling for a ‘borrow pit. Sent
Jor examination by R. M. Bishop, Esq. (now Governor of
Ohio)."”

Although the water had been brought in a rather loosely
stoppered bottle, it yet smelt and tasted strongly of compounds
of sulphur. It was slightly turbid from the spontaneous pre-
cipitation of sulphur and iron sulphide, and was of a slightly
yellowish tint, doubtless from the presence of sulphuretted
sulphides, the result of partial decomposition of the hydrogen
sulphide. Of course only a qualitative analysis could be made
with the small amount of water supplied, under the circum-
stances.

SUMMARY.

The water was found to contain carbonic acid and hydrogen
sulphide gases in considerable proportion. Held in solution
by the carbonic acid were carbonates of lime, magnesia, and
iron, and probably of strontia. It contains a large proportion
of sodium chloride (common salt), with magnesium chloride
and a trace of lithium chloride, besides a notable quantity of
lime, magnesia, and potash sulphates, and sodium sulphide.
It resembles, therefore, the Blue Lick water, but is much
stronger in total saline matters and probably in sodium sul-
phide. The total saline matters of the Lower Blue Lick
water amount to somewhat more than ten parts in the thou-
sand, while those of this water equal about nineteen to the

thousand of the water.
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If this spring proves to be a constant one, the water de-
serves a complete quantitative analysis, and it could no doubt
be made available as a remedial agent in many cases of dis-
ease.

LOGAN COUNTY.
SoIiLs

No. 2049—** VIRGIN SoIL, from the boltom land of Wm. Mor-
ton, one mile north of Russellville, Logan county. Collected
by Rev. H. Hertzer. Geological formation, St. Louis lime-
stone. Forest growlh: a natural canebrake, sycamore, elm,.
wild cherry, burr oak,” &c.

The dried soil is mostly in friable clods, of a yellowish, light
umber color. It contains no gravel. The silicious residue,
left after digestion in acids, all passed through bolting-cloth,
except a few particles of partly decomposed silicates and a.
small quantity of small rounded quartz grains, mostly color-
less.

No. 2050—** SUBSOIL 0 the botltom land above described,” &c.

The dried subsoil is in clods, less friable than those of the
above surface soil; of a light yellowish-brick color. It con-
tains no gravel. The bolting-cloth separated from the silicious
residue a considerable quantity of small rounded grains of
milky and transparent quartz, also much of partly decomposed
silicates in small, rounded, soft particles.

No. 2051—* SURFACE SoIL, #n cultivation thirty years; bottom
land ; from same farm as the two preceding. Average crops:
of corn, 30 bushels; wheat, 10 bushels; oals, 10 lo 15 bushels
per acrve. Collected by Rev. H. Hertzer.”

Dried soil in pretty firm clods; of a dark umber-buff color,
or light buff-umber. Clods mottled with light brick color.
The coarse sieve removed from it a very few small ferrugin-
ous quartzy particles. The silicious residue contained rather
more small quartz grains, and soft partly decomposed silicate

particles, than the preceding.
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No. 2052—Brack SoiL” (so-called); ‘‘nom-productive; all
vegetables raised on it look sickly. Surface soil, from the
Edgetown stock farm of H. B. Tully, Russellville. Collected
by Rev. H. Hertzer.”

The dried soil is in pretty firm clods, of a dark snuff-brown
color. It contains no gravel. The silicious residue all passed
through bolting-cloth, except a few small quartz grains, and a
considerable proportion of soft rounded particles of partly de-
composed silicates.

No. 2053—* SUBSOIL, laken from a depth of six feel. From the
same locality as the next preceding. Collected by Rev. H.
Hertzer.”

It is the richest virgin soil from the decomposition of the
St. Louis limestone, which rests underneath, partly decayed
to six feet in depth. This subsoil, mixed with the lighter sur-
face soil, makes very good bricks, and always enriches the
surface soil when properly plowed up. It is preferred for the
production of fine tobacco, characterized by broad silky leaves
and small stems or midribs. Forest growth, cedar and black
walnut.”

This dried subsoil is of a bright brick-red color. It is
somewhat cloddy. The coarse sieve removed from it some
few angular particles of partly decomposed chert. The sili-
cious residue all passed through the bolting-cloth, except a
few small rounded grains of transparent quartz, and a consid-
erable quantity of soft particles of partly decomposed silicates.

No. 2054—'* SURFACE SolL, iz cultivation for about thirly years.
From the same locality as the preceding. Crops, generally of
corn, the average yield of whick is thirty bushels. Original
growth: black walnut, elm, wild cherry, red and post oaks.
Collected by Rev. H. Hertzer.”

The dried sail is in friable clods of a light buff-umber color.
Contains no gravel. Silicious residue like that of the next
preceding.
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No. 2055—** SUBSOIL of ke next preceding,” &c., &e.

Dried subsoil of a light brick color, in pretty firm clods.
The coarse sieve separated from it a few particles of decom-
posing chert. The silicious residue is like that of the preced-
ing.

COMPOSITION OF THESE LOGAN COUNTY SOILS, DRIED AT 212° F.

No. zo49. I No. zo50. | No. 2051. | No. 205z | No. 2053 iNn. 2054, No. 2055
Organic and volatile matters . . . . 2.900 2.585 2. 560 3.925 3.675 2.775 | 3.048
Alumina and iron and manganese
oxides. . . . . ... ... .. 3.247 7.095 5.297 8.318 1,80 4.817 | g.lg
Limecarbonate . . . . . ..., .. . 395 210 -195 . 640 245 .:&:r .1
Magnesia . . . . .. ... .00 115 . 196 163 .46 .237 .170 .24
Phosphoricacid . . . . . ... .. 093 .11§ 093 Nt .10 .93 | 077
Sulphuricacid. . . . , . ... .. notest. | notest. | motest. | notest. | notest. | notest. ' notest.
Potasn . . & 2 v v 2 v 2 s 28 o« & 132 .16y ST ] .212 o5 .326
Soda .. .o i s e e sl ww e aee s o688 |. . ... o b s s 050
Waier, expelled at 38°F. . . , . . .B7s . 763 765 1.275 950 .60 ' 975
Sand and insoluble silicates . . , . .| g7.3% 88.755 90.935 85.035 Bz. 365 l o1.09o 86.275
Todalc o s 550 EES LR 100. 107 99.890 | 100.1g4 9. 721 99.60g | 99.805 100. 103
Hygroscopic moisture . . . . . . . 1.435 2.185 I.550 | 2.675 3. 800 | 1.250 z.538%
Potash in the insoluble silicates , , . o, 8go 1.334 v.286 1,212 1.349 1.474 t 370
Soda in the insoluble silicates . . . .| . jot .357 | .29 353 . 266 532 l 265
Character of thesoil . . . . . . . . lVirg'in soil| Subsoil. | O'd field lpiacy coil  Subsoil. 014 field g pegyy.
| . T

soil. |

The group of soils Nos. 2049, 2050, and 2051 are naturally
of average fertility, if they are sufficiently underdrained, with
the exception that the virgin surface soil appears to be rather
deficient in phosphoric acid and organic matters or /fwumus.
The use of phosphatic fertilizers, and the cultivation of green
crops—of clover or grasses—to be grazed or plowed under, or
of barn-yard manure, would no doubt greatly increase their
productiveness. The surface could also be improved by a
gradual mixture of the heavier subsoil with the surface soil
during this process of amelioration.

The unproductiveness of the black soil seems to be partly
due to a deficiency of potash. Possibly, however, the land is
not sufficiently underdrained. If there is no want of drain-
age, the application of wood ashes, or other fertilizers con-
taining potash, would undoubtedly restore productiveness,
especially, as in other respects, this soil is not deficient in the

essential elements. The red subsoil of the same locality, No.
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2052, would no doubt answer the same purpose, because of
its considerable proportion of potash, which may account
for its favorable influence on the tobacco plant. Subsoils,
however, should generally be gradual/ly mixed with the sur-
face soil, and accompanied by barn-yard manure, or some other
organic fertilizer, to supply /umus.

The influence of the thirty years’ cultivation on the soil of
the old fields is manifest in the reduction of the proportions
of potash. phosphoric acid, lime, &c., and the increased pro-
portion of the silicious material, as compared with the original
soil. The continued cultivation of hoed or plowed crops, such
as corn, for a long series of years, has a very deteriorating
effect upon the soil, not only because the single crop gener-
ally draws inordinately on one kind of mineral matter, as, for
example, the corn makes a great demand on the phosphoric
acid of the soil, but also because the constantly exposed sur-
face is greatly subject to the washing action of the atmos-
pheric waters, which continually carry off its lighter and richer
ingredients, while its /fumus is more than usually removed by
the oxydating action of the air. A judicious rotation, in
which green crops, covering the soil for a time, undisturbed
by the plow, may protect the land from this washing and de-
composing influence of the atmospheric agencies, while they,
when grazed or plowed under, in whole or in part, may renew
the fumus, and bring the mineral ingredients of the soil into
a soluble and available condition for the nourishment of inter-
mediate grain crops, or even of tobacco crops, would conduce
greatly to profitable farming, more especially if manures or
fertilizers are applied to the green crops. The tobacco plant,
which makes so heavy a demand on the soil for potash and
lime, as well as phosphoric acid, undoubtedly requires a sys-

tem of this kind for its continued or profitable cultivation.
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LYON COUNTY.
Igon OREs.

No. 2056—*“LIMONITE. Labeled iron ore, from Hall's patch
drift, Lyon county. Centre Furnace. Collected by P. N.
Moore.”

Mostly in dense, hard, brown, irregular laminz, but contain-
ing a considerable proportion of red and yellow porous and
soft ochreous material.

No. 2057—‘“LIMONITE. Ore from Skillian Bank. Centre

Furnace, Lyon county. Collected by P. N. Moore.”

Mostly in dense, hard, dark-brown and blackish irregular
layers, with but little of softer, reddish, brownish and yellow
ochreous material.

Other Centre Furnace iron ores may be found under Trigg
county.

COMPOSITION OF THESE LYON COUNTY IRON ORES, DRIED AT 212° F,

No. 2056. | No. 20%7.
Il'l'.ll'l pcroxide s % & B & B & ® P " a8 w ® = & ® & = = 66- '92 63- lﬁ:
Alumina . . . . + &« = &« & & T
Manganese oxide. . . . . . e T T } r-393 1.763
Lime carbonate . . . . « & & « « + = = = & T T a trace, a trace.
Magncﬁia i s = @ E ® o ® 8% ® . . . s . = = . = = ® a trace. a trace.
Phosphoricacid . . . . - + ¢ & o ¢ o s o ¢ 0 v 0 0 & 0 0. .185 | . 505
Sll]phuric acid -------------- ] . a trace. a trace.
Combined water . . . . . « + « « & GUSEIED W W W TENEVED & W e 10.000 9.630
Silica and insoluble silicates. . . . . . . .. T 22.910 20.050
Tobal o G e & F 5 8 8% 6 5 BRI G PR R Wy 0w o w I[ 100.680 | 100, 110
Percentage of iron . . . . . . SR R B S B N 46.320 47 .703
Percentage of phosphorus. . . PLANE R R A & 8w .079 | .220
Percentage of sulphur . . . . . e » s 2 % = s s s = «| @atrace. ' a trace.
Percentage of silica . . . . . . . . R v B o 21 .820 | 19.060

These are evidently very good iron ores, more especially
No. 2056, which contains much the less of the injurious ingre-
dient, phosphorus, and which, consequently, would yield quite
a tough iron by judicious smelting.
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MADISON COUNTY.

No. 2058—“ CoaL, from Marshall Moran’s Bank, Big Hill.
Thickness of the bed about thirty-four inches. Average sam-
ple by John R. Procter.”

A sub-conglomerate coal. A firm, pure-looking splint coal.
Has some fibrous coal between the thin laminz, but very little
appearance of pyrites,

COMPOSITION, AIR-DRIED.

Hygroscopic moisture . . . . . . . . 3-57 .
Volatile combustible matters. . . . . 36.53}T°m] volatile matters , . .., . . 4n-10
. Jj Carbon in thecoke . . . . . . . 55.77
Light spongy coke., . . . ... .. . 59-99¢ Light yéllowish-greyash . . . . . 4.13
100.00 100.00

The percentage of sulphur is only 0.749.

In volume IV of new series of these Reports, pages 109,
110, may be found the analyses of other samples of the coal
from this layer, exhibiting considerable differences in the rela-
tive proportions of sulphur, &c., &c. No doubt the present
sample is a better average sample than No. 1878, which ex-
hibits so much larger quantity of sulphur.

No. 2059—MiNeraL WATER. “ Sulphur water; from a well
owned by Dr. J. Reed; bored seven hundred and fifty feet
decp ; begun in the Black Devonian shale, and probably pass-
ing into the Trenton limestone, near Paint Lick. Collected by
Joln R. Procter.”

This water, brought to the laboratory in a corked bottle, had
of course lost most of its hydrogen sulphide by decomposition,
It yet smelt of this compound, and was of a slightly yellowish
tint, from the presence of a little sodium sulphide. It could
not be quantitatively analyzed, but the evaporation of a por-
tion of it showed that it contained a quantity of solid saline
matters equal to 0.2892 to the 1000 parts, or about two grains
to the wine pint. These were found, by testing, to consist of
carbonates of lime, magnesia, iron, &c., held in solution by
carbonic acid, and sulphates of magnesia, lime, and probably
of petash: with small quantities of chloride and sulphide of
sodium, &c. No doubt it is a good sulphur water, which de-
serves a complete analysis.
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No. 2060—‘“REp Bup SoiL, from the Covington farm, thirty-
Jour miles east of Lexington, half a mile back of Elliston,
Madison county. Collected by Mr. L. H. DeFriese.”

““On the hill slope, nineteen degrees west, below the outcrop
of the magnesian limestone and black Devonian shale. Depth
of the surface soii, twelve to fifteen inches. Forest growth:.
red oak, burr oak, honey and black locusts, white and black
walnuts, hickories, sycamore, maple, black, blue, and white
ash, &c. Yield: thirty to fifty bushels of corn, eight to fifteen
of wheat, fifteen to twenty of oats. No hemp raised, and but
little rye.”

The dried soil is of a brown-umber color. The coarse sieve
separated from it 1.14 per cent. of ferruginous and cherty
particles. The bolting-cloth removed, from its silicious res-
idue, a considerable portion of fine rounded quartzose grains,
mostly transparent, with a few dark colored particles of unde-
composed silicates.

COMPOSITION, DRIED AT 212° F.

Organic and volatile matters. . . . . . . . . . .« . o vt 4 v 4 . 5.825
Alumina and iron and manganese oxides . . . . . . . . . . . . . . . . ! 10.434
Limecarbonate . . .. o 0 o 0 0 0 e c i aiai o o s o sa & & - 615
Magnesha i o i & 4% 5 %8 &5 % 45506 § a I T I .043
Phosphoricgehd ;. : « o 6 o o & sis « a s 5 5ie o 6§ % e @ o 5 &8 & s .jor
Potash : & . o s i s oo ow o s e 6w R W e om A S W @ W la .379
Soda . . . .. ... .. Foaeow e E RS D R B w N e 004
Water, expelledat 380°F. . . . . . . . . .. .. .. .. ....... 2.41§
Sand and insoluble silicates. . . . . Beom W m o el w8 W Sceoe W o i e 78.965

TORAL o & s & & 3 BT w8 B de SRELED G 6 T ge pmUEY & m R W LEOUND &5 8 s 99.071
Hygroscopic moisture. . . . . . . . . . . .« s o4 - T R [ 3.165
Potash in the insoluble silicates . . . . . . . . . . . . ... ... ... | 1.537
Soda in the insoluble silicates. . . . . . . G B SEEED B W S WEE B W R N ! .300

On reference to volume 1V, first series of Reports of the
Kentucky Geological Survey, page 215, it will be seen that
this rich soil has undergone some deterioration since the
analyses there reported were made, about eighteen years.
ago. According to the description of soil No. 1128, given
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on page 214, it was collected from the same place, or nearly
so, as the soil above described. Local differences, however,
may exist, making the comparison imperfect.

M’ 'CRACKEN COUNTY.

No. 2061—*“ SURFACE SoOIL, fo the depth of eight inches. From
the farm of L. M. Flournoy. three miles from Paducah. Ter-
liary formation, &c. Forest growth : mostly oaks of various
species, with some hickories, &c. The corn crop averages
twenty-five to forty bushels per acre. It is good tobacco soil,
and considered average soil of the county. Some sandstone in
the ravines, and indications of itron ore within half a mile.
Collected by fohin H. Talbutt.’

The dried soil is of a light greyish-buff color; friable. The
coarse sieve removed from it only a few small fragments of
decomposing chert. The bolting-cloth separated, from its sili-
cious residue, only a few small particles of partly decomposed
silicates.

No. 2062—** SUBSOIL of the next preceding,” &c.

The dried subsoil is of a darker buff color, and the clods
are more adhesive than those of the above; they are mottled
with greyish and darker buff. It all passed through the coarse
sieve. Silicious residue like that of the preceding.

No. 2063—** UNDER-CLAY of lhe two preceding soils, &c. (Sand
beneath this),” &e.
The dried under-clay resembles the subsoil, but the clods
are more firm. All passed through the coarse sieve. The
bolting-cloth removed from the silicious residue a large pro-

portion of particles of partly decomposed silicates.
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COMPOSITION OF THESE McCRACKEN COUNTY SOILS, DRIED AT 212° F.

No. 2061. | No. 2062. | No. 2063.
Organic and volatile matters . . . . . . . it & 2.0%50 2.650 2.675
Alumina and iron and manganese oxides. . . . . . . 5.497 12. 300 10.834
Limecarbonate . . . . . . . . . ¢« . ¢ o « &« & = &« LI15 .190 . 190
Magnesia . . . . . . « . . 4 v o 4 s s et e e s .268 .521 .649
Phosphoricacid . . . . . . . . . . .. » R & .093 .II5 .061
Potash . . . . . G camm eoN w GoNETeS e S ERENE 8 L1067 .284 .643
-soda ................. L L ] L L] - - - I?I ----- .w?
Water, expelledat 380°F. . . . ., . . . . ... .. 1.000 1.000 1.000
.Sand and insoluble silicates . . . . . . .  EEET E e & 90.940 82.490 83.865
Tobdlow v 536 @@ L8 5 ERE 056 it o &5 100. 301 99.550 100.004
Hygroscopic moisture . . . . . . . « . « « & « = 1.42% 4 .000 3-425
Potash in the insoluble silicates . . . . ., . ., . . .. I.700 1.60% 1.427
Soda in the insoluble silicates. . . . . . . ¢ o 0 b e .598 .9I1
Characterof thesoil. . . . . . . . . . + « + « « .|Surfacesoill Subsocil. |Under-clay

These soils, of average natural fertility, could no doubt be
greatly improved in productiveness by the use of top-dress-
ings of phosphatic fertilizers, such as bone-dust, superphos-
phate, or guano. The subsoil is richer than the surface,
especially in potash, and might be gradually plowed up and
mixed with it in cultivation with advantage. The manurial
products of the barn-yard and stables, both solid and liquid,
should be carefully husbanded and regularly used upon the
soil. There is no reason why a very high degree of product-
iveness may not be maintained on this soil by a judicious sys-
tem of farming, in the proper use of fertilizers, and a due
rotation of crops, if it is well drained.

MEADE COUNTY.
SolLs.

No. 2064—** VIRGIN SURFACE SOIL, from the land of Mr. M-
Carty, Muldraugh, Meade county. Sample tlaken twenty
yards from the railroad, half a mile from the station. Under-
lying rock, buff and blue sandstone of the Waverly Group.
Collected by John H. Talbutt.”

“Forest growth, white oaks, some trees five feet in diam-
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eter; poplar (liriodendron), some eight feet in diameter; large
chestnut, beech, red oak, shellbark hickory, some sugar-tree,
&c. Average corn crop, twenty to thirty bushels.”

Dried soil of a brownish umber-grey color. Clods some-
what adhesive. It all passed through the coarse sieve, except
some small angular fragments of weathered chert, and a little
shot iron ore. The bolting-cloth removed, from the silicious
residue, some rounded grains of quartz and of dark colored
silicates.

No. 2065—*“ SUBSOIL fo the preceding,” &c., &e.

The dried subsoil is cloddy. Its general color is reddish
ferruginous, mottled with lighter colored and grey. It con-
tains fragments of weathered chert. The clods are quite
firm. The silicious residue contains a small quantity of small
rounded quartz grains.

No. 2066—** UNDER-CLAY below the two preceding,” &c., &c.
Clods quite adhesive. Generally of a handsome buff color,

mottled and infiltrated with red ferruginous. It contains a

considerable proportion of fragments of weathered chert.

COMPOSITION OF THESE MEADE COUNTY SOILS, DRIED AT 212° F.

|
No. 2064. | No. zo65. | No. 2066..
Organic and volatile matters . . . . . . . . . . . . 3.565 5.665 3.6o0
Alumina and iron and manganese oxides . . . . . . . 5.091 15.741 11.604
Limecarbonate . . . . . . . .« « =« « « & = & = « -095 .070 .045
L[ﬂgncsia --------- # = = # & ® 8B ® ® & = @ -133 242 0538
Phosphoric acid . . . . . . . T g T . 109 . 140 . 35-
Pota&h qqqqq - - - . - . ® @ - . = " & @ & = 3 "56 '425 I‘ z
Soda 0 s B R D ohELT w0 B aaioiam 4 on sy i % ¢ e e w W | @ % w ne
Water, expelled at 380° F. . . . . . . . s ae 8 s 1.000 1.335 -650
Sand and insolublesilicates. . . . . « « =« o ¢ o « &« 8g9.725 75.825 82.125
Total. . . . ¢ v v vt e e e e e s s .| 99-874 99.443 99. 800
]
e e c——— —- — [
Hygroscopic moisture . . . . . . v owowow mues mom e 1.600 4.265 z2.950
Potash in the insoluble silicates . . . . . . . . .« . . 1.297 1.540 2.259
Soda in the insoluble silicates. . . . . . . . « - . . 471 .304 . 150
Character of the soil . - « o« v v o v oo o« o | B *4T1 Subsoil. |Under-clay

412



CHEMICAL RCPORT. 67

“These soils would be greatly improved by top-dressings of
lime or calcareous marl in considerable quantity. The sub-
soil and under-clay are quite rich in potash, and might be
gradually mixed with the upper soil during cultivation. The
small average crop of corn is probably due, in part, to the
paucity of lime in these soils.

MERCER COUNTY.

No. 2067—' LIMESTONE, containing green sand or glauconite.
Sent by Mr. H. L. Tabler, of Harrodsburg, who says there
is a bed of it two feet thick near that place.”

A dull, grey, fine-granular limestone, containing a large pro-
portion of small, rounded, bluish-green grains of what seems
to be green sand or glauconite, together with a considerable
proportion of bright, minute, cubical iron pyrites.

Some of the limestone, coarsely powdered, was digested in
a warm solution of ammonium nitrate, afterwards in weak
chlorhydric acid, to remove the calcium carbonate. The res-
idue was then ignited to remove sulphur from the iron bi-sul-
phide, after which the iron proto-sulphide was separated by
means of a magnet.

The remaining green particles were fused with mixed alka-
lies, and analyzed, with the following result, viz:

BIHER o o 0 o v n pos aim e e e a e e e e e 58.120
Iron and manganese oxidesandalumina . . . . . . . . . . . ... .. 32.398
LAMe o 4 cocre s v 5 % om0 ® b SROETE W & e RIS M ® I8 G 6 0 B SCeDE .784
Magnesia . © . « « & o o« 2 o « = ¢ = s 8 s s 8 s 3 s # + # 4 # 8 o= 0w . i
Fhosphorte aC1 « & wow v % & % %9 o & & & Wi & & % w0 & § % $ORTe .102
Alkaliesand loss . . . « & + &« & &« & = = = 2 & = & = RS W W 7.789
Total . o & ¢ ¢ ¢ 0o 0 4 o 0 6 0 o0 s o s e s v ot o oo ew oo 100.000

The proportion of the green particles in the limestone was
not ascertained, but the whole material fused readily before
the blow-pipe, with intumescence, into a dark colored slag.
Some of the original limestone was also examined as to its

alkaline ingredients, and was found to yield: of potash, 3.372
413



68 CHEMICAL REPORT.

per cent.; of soda, .319 per cent.; so that there is little doubt
that the green particles are glauconite.

As to the probable economic uses of this green limestone
layer, little can be said. Some of it was calcined, in a pow-
dered state, and tested as to its availability in the manufacture
of hydraulic cement, but it was found not to harden in water.
Possibly calcination with more lime might develop this prop-
erty. It is possible, also, that careful calcination alone, or
with more lime, might make it available as an alkaline fertil-
1zer.

NICHOLAS COUNTY.

No. 2068—*“ MINERAL WATER. Re-examination of the salt sul-

Plur waler of the celebrated Lower Blue Lick Spring.”

About twenty-seven years have passed since the present
writer submitted this water to a quantitative chemical analysis,
the results of which, published at the time, are reproduced in
volume III of the first series of Reports of the Geological
Survey of Kentucky (see pages 361 to 368). Desiring to
ascertain whether any material change had occurred during
this lapse of time, in the general composition of this water,
and also to search for and determine some of its minuter
ingredients, not at that time sought for, a new examination
was made of it; Messrs. Hamilton, Gray & Co., of Maysville,
having kindly placed at the disposal of the writer a barrel of
the recent water.

The comparative results of the two analyses, made twenty-
seven years apart, show a remarkable resemblance, proving
that this celebrated water has not been sensibly weakened or
altered in composition during this period, as follows:
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COMPOSITION IN 1ooo MEASURED PARTS OF THE WATER.

Analysis 1850. | Analysis 1877.

I

Specificgravity . +» + « + + o s ¢ s s s .. s ununl 1.007 | 1.0072
i sz syl

Sulphuretted hydrogengas . . . . . . . . . . . . . . 0.3947 | not determ’d.
Freecarbonicacidgas . . . . . . . . . . .« .« . . -3547 | not determ’d.

_-I '

Lime carbonate . . . . . S “ e e e 0.3850 | 0.3184
Magnesiacarbonate . . . . . . . o s 4 . s 0 e e .0022 | L0211
Alumina, phosphate of lime and iron carbunate v R +0058 .0038
Sodium chlOTide . . » - « « « o ¢ « s « o 0 on . 8.3473 8.3571
Potassium chloride . . . . . . . . . .0227 .1 -
Magnesium chloride . . . . . . W E R e SEEE e oA e .5272 .4864
Magnesium bromide . . . . . . . o . 2 0. . . .0039 .0I95
Magntsium iodide . s *% = s ® 8 ® = = ® @& = & = = » = .{mf -m_;
Limesulphate. . . . + « « « + 4 « « « « & aTE W W -5533 .5508
Potash sulphate . . . . . . . .« o v 0 v 0 0 o o o N 17 1 i I
Calciam chloride. . . . . . . « v ¢ v ¢ o & o o = 4 & COET I R - .0606
Lithium chloride. . . . . . « . . . . . . . . oW E w AW o e 0060
Sodiomsulphide . « ¢ ¢« ¢ « ¢ ¢ ¢ ¢ ¢ 0o s o s ¢ s 0 s bs 4 3 4% & .0307
Sodacarbonate . . . « o o« + & + « 5 = s+ o s AL Y .0140
Sodabi-borate . . . . « . & ¢ 4 v 4 s 04 e e e e e i & & =% & 3 .0298
Bﬂ.f}'tl sulphate - B oW % os e @ ® % ® = = = % w ® @ ® 1.0 = & & ® @ 0002
&mnt]a Etllphale “ ® #® ®w ® ® % ® & & ® 3 ® & * & = = |- « s s = = = L0001
Silicic acid . . . MR W W G S e o W W W 0179 .0149:
Organic acids and loss. + v a v - .. o T .2821 4573
Total saline matters in 1000 parts . . + « + « « + + . I 10. 3000 10. 5580

The minuter ingredients discovered in this water, in this
more complete analysis, are compounds of lithium, barium,
strontium, and boron, as well as small quantities of sodium
sulphide and soda carbonate.

The two latter compounds, with the soda bi-borate, give a
slightly alkaline reaction to the water, and the sodium sulphide
gives it greater durability as a su/piur water than the hydro-
gen sulphide alone does. The notable proportion of soda
bi-borate doubtless adds to its medicinal virtues. As for the
compounds of barium and strontium, they are in so small pro-
portions, and probably in the nearly inert form of sulphates,
that it is doubtful whether any influence can be attributed to
them. It has not been fully determined whether the com-
pounds of lithium, in such small quantities as they are usually
found in mineral waters, exert any curative influence whatever;

but doubtless these, as well as the other minute ingredients,
4ls,
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are not without effect in this complex solution. Practical ex-

perience alone in the use of such waters must determine these

questions.
OHIO COUNTY.
IroN OREs.

No. 2069—* CLAY IRONSTONE, from Wm. Downs' « Iron Mowun-
tain.' Rough cveek, above Hartford, rear the base of the coal
measures. Second bed, three to six inches thick. Collected by
C. J. Norwood.”

A compact, fine granular, dark-grey ore.
the tongue.

Not adhering to
Exterior thinly incrusted with limonite.

No. 2070—* CLAY IRONSTONE. From the same locality. Third
ore bed. Composed of two layers, with a thin clay parting,
measuring from three lo four and two lo four inches, severally,

Collected by C. J. Norwood.”
‘Resembles the preceding.

No. 2071—* CLAY IRONSTONE. From the same locality. Fourth
orve bed. Stx tnches thick. Collected by C. J. Norwood.”

Resembles the preceding, but has more exterior limonite.
COMPOSITION OF THESE CLAY IRONSTONES, DRIED AT 2i12° F.

While the

No. 2069. | No. z070. ' No, 2o071.

Ironcarbonate . . . . & « & &« & & 4 & 0 2 o4 . 0. 60.012 69.117 | 48.211
Iron peroxide . . . . . . TR not est. | not est. ' 9.227
Alumina and manganese oxide . . . . . . . . . . . 11.451 7-437 7.307
Limecarbonate . . . . . . . . & 4 & & = = & = = = 4.430 4.780 5.880
Magnesiacarbonate . . . . . . . . - . e e e .. . 5.395 4.639 4.298
Phospfnoric T | T T R .377 . 786 1.805
‘Sulphuricacid. . . . .+ . 4 . 4 . s 0 e e e e e e trace. .084 .030
Silica and insoluble silicates . . . . . . . . .. .. 17.280 11.480 19.850
Water and organic matters . . . . + « « o = + + - - 1.055 1.677 3.392
Total . . &+ v & & o h e e e e e e e e e e e 100.000 | 100.000 100.000
Percentage of iron. . . . . . . . . « & . . . . .. 29.557 32.204 20.484
Percentage of phosphorus . . . . . . . . . PP . 146 .343 -475
Percentageof sulphur . . . . . . « & . + « & o « trace. .034 .o12
Percentapeof silica . . . . . .« « & & v o o 0 .. 13.860 6.860 17.460

se claystone ores could not be made to compete

with limonite ores of favorable composition in the production

of the best tough iron, they may yet be made available, in the
416
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71

vicinity of abundant cheap fuel and limestone, for the produc-
tion of cheap iron for many uses. Of course the preliminary
of roasting these ores will be necessary,

No. 2072—*“ LIMESTONE, under Coal A, Ben's Lick Hill. On
the hill above Brown's Coal Bank, three miles southwest from
Hartford, Ohio county. ~Collected by C. J. Norwood.”

A compact or fine granular fossiliferous limestone, of a dirty
grey color, presenting a somewhat brecciated appearance in
parts, with ferruginous stains in the veins.

No. 2073—'* LIMESTONE, ferruginous, below Coal D, on Rough
creek, mouth of Brush creek, three miles below Hartford. Col-
lected by C. J. Norwood.” (Will it serve for cement?)

A compact or very fine-grained limestone. Interior gen-
erally dark slate-grey; exterior, and in the veins, ochreous.
Somewhat brecciated in parts.

Some of this rock, in the state of powder, was heated to
redness in an open crucible, for an hour and a half, then mixed
into a stiff paste with cold water—a portion with sand, and a
part without sand; the wet lumps were exposed to a moist
atmosphere for a day, and then immersed in water. The
lump containing no sand /ardened completely; that with the
sand did not become so hard.

.COMPOSITION OF THESE OHIO COUNTY LIMESTONES DRIED AT 212° F.

No. 2072. | No. 2073.

Limecarbonmate . . . . . . . . . & « = + & « s o = « + = 90.780 ‘ 41.680
Magnesia carbonate o S @S GANERY B W M s - 1.501 22.748
Alumina and iron and manganese oxides . . . . . . e o 1.189 8.640
Phospharicacid . . . . . . . P WY B B M R SN B e @ <371 153
Sulphuricacid. . . . . . « ¢« v . L 4 4 v o 0 0 .. s not est. not est.
Potash © & 5 55 28 HES &5 3 555% 7 5 S W W -327 1.253
Soda. . . . .. .. . SRR EREREE . KRR .100 -323
Siliciousresidue . . . . . . & 4 & 4 s s s s 4 4 a s e s ; 4.160 24.060
Mosstureand loss . . . . & . v ¢ = « = = &« & s s o8 n . 1.572 I 1.143

I

Total . . . . . v s s e e e e e e e . S 170.000 i 100.000
Percentage of lime . . . . . . . . . . .« ¢ o o o & o o . | 23.341

50.837 ‘

While the first sample will yield very good lime for ordinary
purposes, the second may make very good hydraulic cement
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by careful calcination.
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It does not require as much sand as

other hydraulic limestones which contain a smaller proportion

of silicious matters.

CLAYS OF OHIO COUNTY.
No. 2074—* INDURATED CLrAv, below Coal F, mouth of Brush

Run, on Rough creck. Collected by C. J. Norwoed.”
A dark-grey shaly-clay, with impressions and remains of
reed-like leaves, and some ferruginous stains.

No. 2075—* CLAY, from near Elm Lick, on R. B. Thompson’s

land. Coal measures.
lected by C. J. Norwood."”

A good deal used in Louisville.

Col--

An irregularly laminated clay, mottled with grey of various.

tints, and ferruginous infiltrations.

Has some imperfect veg-

etable impressions, and minute glimmering specks of mica.

No. 2076—* CLAY, from Bald Knob Church, Canecy precinct, on
the Pinchico road, about two feet below a coal bed. Collected

by C. J. Norwood.”

In friable lumps, showing imperfect and irregular stratifica-

tion.

Of a light bluish-grey color, with infiltrations of ochre-

ous and ferruginous, occasionally nearly black, especially in
the cracks and along the course of rootlets which have pene-

trated 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.
tensely heated it burns of a light salmon color.

When not so in-

COMPOSITION OF THESE OHIO COUNTY CLAYS, DRIED AT 212° F.

No. 2074. | No. 2075. | No. 2076.

Sifea . . . ... 000000l 69. 260 70.860 62.760
AlmBng i 5 v B e e Y E e o e W e E 16.640 19.240 26.420
Iromoxide . . . .. .............. £ 4.520 3.120 1.580
Lime ............. S a trace. | a trace. .32%
Magnesia.. . . .. ............... .893 -425 a trace.
Phosphoricacid . . . . . . . . . . ¢ ¢ o o0 o .. a trace. | a trace. not est.
Potaal . ¢ - . s s v n v 6 w5 8 E e e E o 3.1o2 2.351 .916
Soda ;. ..o v s s e e s e e e .210 .253 . 268
Waterandloss . . . . .. .. . .« s e . 5.37% 3.751 ¥.7318

L 100.000 | 10D.000 100.000
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No. 2076 contains 5.3 per cent. of fine transparent colorless
sand grains. This seems to be a very good fire-clay.

OLDHAM COUNTY.
SoiLs.

No. 2077—* VIRGIN SolL, from the surface, and to the depth of
thirteen inches. From the farm of Dr. Coy Kaye, Pewee
Valley. Upper Silurian formation. Forest growlh: beech,
oak, poplar, black gum, &c. Soil better than usual in this
locality. Collected by Jokhn H. Talbutl.”

Dried soil, of a brownish-grey color; friable; contains no
gravel. Its silicious residue all passed through the bolting-
cloth,

No. 2078—SuBsoiL of the preceding,”” &c., &e.

Dried subsoil of a bright brick color, somewhat cloddy.
Contains no gravel. The bolting-cloth separated, from the
silicious residue, a very few small rounded quartz grains.

No. 2079—*' SURFACE SOIL, from white oak land, Pewee Valley.

Collected by A. W. Kaye.”” Uncullivaled.

The dried soil is in friable clods, of a dark umber-grey
color. Contains no gravel. The silicious residue, left after
digestion in acids, all passed through the bolting-cloth, except
a few small milky quartz grains.

No. 2080—* SuBsOIL o the preceding,”’ &c., &c.

The dried subsoil is generally of a dark, orange-buff coler,
mottled with light grey and ferruginous. It contains some
nearly black concretions and infiltrations. The clods are
somewhat firm. It contains a few small fragments of weath-
ered chert. The bolting-cloth separated, from the silicious
residue, some hard particles—reddish and white —of unde-
composed silicates, resembling felspar.

415,
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COMPOSITION OF THESE OLDHAM COUNTY SOILS, DRIED AT 212° F.

I
No. 2077. | No. 2078. | No. 2079. l No. z08o.
Organic and volatile matters . . . . . . : 4.612 3.016 4.215 3.250
Alumina and iron and manganese oxides . 4.449 8_.882 5.010 . 9.008
Lime carbonate . . . S W OE e e .145 1195 .245 | .220
Magnesia . . . . . . s e s s w8 oa e .313 .304 .250 .178
Phosphoricacid. . . . . . . . . . . .. 141 .08 L1285 | 077
Sulphuricacid . . . . . . . ... ... not est. | notest. | not est. | not est.
Potash . . . . . . & - v ¢+ s 4 o ¢ = .. .388 .5z -138 -349
Soda.. . . G m meooier o o pms .055 -I17 .035 -330
Water, expelled at 380° F. . . . . . . . . .713 .607 1.535 1.150
Sand and insoluble silicates . . . . . . . 88.665 86.465 88.250 84.825
Tofal' . v wow v o % % e dl @ & @ el - 99.481 | 100.20§% 99.793 99.387
o - o ) B i |
Hygroscopic moisture . . . . . . . . . . | 1.900 [ 2.875 1.850 | 3.300
Potash in the insoluble silicates. . . . . . 1.281 1.109 1.428 1.088
Soda in the insoluble silicates . . . . . . .381 .444 .663 .022
e e — e RL] — _— !
Character of thesoil . . . . . . .. .. Virgin soil.! Subsoil. |Surfacesoil] Subsoil.

Soils Nos. 2077, 2078, and 2080 are exceptionally rich in
potash; the other contains an average amount. The subsoils
in both samples are somewhat deficient in phosphoric acid.
These may be classed as good rich soils, but their productive-
ness might be improved and maintained by increasing their
proportion of Aumus in a rotation of crops, and by the use of
phosphatic fertilizers. It is also probable that plaster of Paris
on the clover crop may be beneficial on soils Nos. 2077 and
2078.

TRIGG COUNTY.
No. 2081—** LIMONITE zron ore. From a bank one mile south
of Centre Furnace. Average sample, by P. N. Moore.”

This ore is mostly in dense, hard, irregular hematitic lay-
ers, dark brown and nearly black, with but little of the softer
ochreous ore.
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COMPOSITION, DRIED AT 212° F.

Iron peroxide . . . . . . . ... ... .. 71.708 = 50.195 per cent. of iron.

Alumina and manganese oxide. . . . . . . . 1945

Lime carbonate . . . . . .. ... ... trace.

Magnesia . . . . . . « . . . 0. 0. .. trace.

Phosphoricacid ... . . . . . . ... ... .217 =  .095 percent of phosphorus.

Sulphuricacid . . . . + « & & &« ¢ & 4 . .. trace.

Combined water . . . . . . . . .. . ... 9.630

Silicious residue . . . . , . . . . . .. .. 17 280 = 16,962 per cent. of silica.
Tofal & = ¢ o3 o B oE 3 E EYE BB R Wy 99.780

This is quite a rich and pure ore, which would doubtless
produce a very tough iron, provided the fuel and flux em-
ployed in the smelting process are f{ree from sulphur and
phosphorus.

PIG TRONS OF CENTRE AND TRIGG FURNACES, TRIGG COUNTY.

No. 2082—*Pic IroN No. 1. Foundry iron. From Centre
Furnace. Collected by P. N. Moore.”
A moderately coarse-grained grey iron. Yields readily to
the file. Large fragments of it break readily, but the smaller
ones extend considerably under the hammer.

No. 2083—* P16 IroN No. 2. Foundry iron. Centre Furnace.
Collected by P. N. Moore.”

Somewhat finer grained than the preceding, especially on
the outer surfaces, and a little lighter colored. Yields readily

to the file, and extends considerably under the hammer.

No. 2084—*Pic Iron No. 3. M/l iron. Centre Furnace,”
&e., G
Lighter colored, finer grained, and more brittle than the
preceding.

No. 2085—* Pic IroNn. Mill ivon. From Trigg Furnace,’
&re.. &%,
Quite a fine grained grey iron. The small fragments ex-
tend considerable under the hammer. Yields to the file.

No. 2086—* Pic IkoN. Silver Grey. [From Trigg Furnace,
&c.  Collected by P. N. Moore,’ as were also the above
described.

Hard ; easily splintered on the edges. The small fragments

extend very little, before breaking, under the hammer.
421
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COMPOSITION OF THESE CENTRE AND TRIGG FURNACE PIG IRONS,

No. 2082 | No. 2083. | No. 2084. | No. 2085. | No. 2086.

Specific gravity . . . . . . . . 6.872 7.027 7.183 6.934 6.864
Iron............. 92. 349 92.953 93.946 91.173 89.576
Graphite. . . . . .. .. 3.380 3.140 2.860 3-400 1.000
Combinedcarbon. . . . . . +|. . . . . 1.010 1.060 |. . . . . 1.380
Algminum and manganese. . .| not est. mot est. not est. not est. mot est.
Silicon . . .. . . ... .. 3-704 2.641 1.932 4.592 6.637
Slag . . . & v s o v s . . 660 . 100 : 1.160 1.560
Phosphorus . . . . . . . .. .318 .318 .276 .262 .221
Sulphur .. .. ... .. .. .0b7 .074 . 104 .004 . 121
Total . . . o o ¢ o & = &« = I 100.568 | 100.236 | 100.538 | 100.681 100.495
Total carbon . . . . . . . ! 3.380 4.150 3.920 3.400 2.380

These are all good samples of pig iron.

The mill iron

does not contain enough phosphorus to prevent it from pro-

ducing good. tough bar iron by judicious puddling.

WARREN COUNTY.

No. 2087—* MINERAL WATER. Sulphur water. From a bored
well two hundred and thirly feet deep. Smith's Grove, one
hundred miles from Loutsoille, on the Louisville and Nashville
Railroad. Sent by Junius Weoolen, M. D.”

The water was brought in tightly corked bottles, but when
it arrived at the laboratory the hydrogen sulphide had all
been decomposed; it was slightly opalescent, probably from
the consequent precipitation of sulphur. It is slightly alka-
line.

As there was an insufficient quantity of the water, a com-
plete analysis could not be made; but from the preliminary
examination of it, the following provisional summary of its
composition is given: hydrogen sulphide gas, quantity not
estimated ; carbonic.acid gas, not estimated.
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SALINE CONTENTS.

Limecarbonate . . . . . . . . . . & ¢ 4 4 4 4 4 4 oa e 0.1445 |} Dissolved by
Magnesiacarbonate . . . . . . . . . 0. 00l 0. e L0177 } the carbon-
Strontiacarbonate . . . . . . ¢ s . 0 e s e e . not est. ic acid.
Limesulphate. . . « ¢« =« o ¢« ¢ o s ¢ s 6 0 ¢ ¢ 0 s o 0 .0998
Magnesia sulphate . . . . . . .. o el W Ge e .2856
Potashsulphate . . . . « . ¢ ¢ ¢ o ¢ 0 ¢ 0 s 2 4 o o o .0041
Sodasulphate . . . . . . . . 4 o 0 4 b 4 e e e e e .. .0213
Sodiumchloride . . . . . . & ¢ ¢ o 4 ¢ 4 @ bt s e e e .0§20
Lithiumchloride . . . . ., . . . . 4 ¢ 4 o ¢ s 4 o o & .- | not est.
&]da carhunﬂ-te - . - - . . . - - L] - L - L - - L] - . - - .‘Dasl
Silica. . . ¢ - s 2 6 ¢ s s s s o8 s u a8 moae s s .0022
Ingredients undetermined and loss. . « . . . &+ + + « &« . . .2847

Saline ingredients in Iocoparts. . . . . .+ . 4 4 4 4 0. . I 0.7200

It is desirable that a more thorough analysis should be made
of this water, which seems to be a good saline sulphur water,
which may be made serviceable in the treatment of various
ailments.

This well is within six miles of the Chalybeate and Cha-
meleon Springs of Edmonson county, and its use is said by
Dr. Wooten to be beneficial in dyspepsia and indigestion, &c.
The spectroscope showed in it traces of lithium and strontium
compounds.

APPENDIX.

TEXAS CRETACEOUS SOILS.

With a view to comparison with our Kentucky soils, some
of the black soils from the cretaceous formation of Texas were
analyzed.

No. 2088—‘ BLacK SANDY SoIL. From lhree miles northwest
of Sherman, Grayson county, Texas. Prairie sotl, in cultioa-
tion. Collected by Myr. Jesse H. Talbutl.”

A dark, mouse-colored sandy soil. containing many frag-
ments of roots, &c. . The silicious residue, after digestion in
acids, all passed through the bolting-cloth, except a small

quantity of colorless, transparent, rounded grains of quartz.
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No. 2089—*So1L. From ‘black wuxy' land, half a mile east
of Sherman, farm of H. H. Allen. Prairie land. Collected
by Mr. Jesse H. Talbutt.”

Quite an adhesive soil; in clods; of a greyish-black color.

The silicious residue all passed through the bolting-cloth.

No. 2090—“SoiL. From *black waxy’ land, H. M. Stone's,
two miles west of Playno, Collins county, Texas. Prairie
land, in corn. Collected by My. Jesse H. Talbutt.”

Not quite so black as the preceding; not in clods; friable.

Effervesces strongly with acids.

COMPOSITION OF THESE TEXAS SOILS, DRIED AT z12° F.

B
No. 2088. | No. 2089. | No. 2090.
|
Organic and volatile matters . . . . . . . . . . .. 4.977 7.233 7.097
Alumina and iron and manganese oxides. . . . . . . 2.616 8.157 11.447
Lime carbonate . . . . . . . . .., . « s s e s s .880 1.745 17.085
MApnesin o v v wov v v % v w2 @ o L B & ¥ b e .169 .223 .231
Phosphoricacid . . . . . . . . . . ... ... .. 124 .083 .143
Sulphuricacid. . . . . . . . . . . .. + = + » - .| Dot est. not est. not est.
FPolmsh . & o & wvv 5 % % i @ @ 0 @ b oeedie & 4 w0 .078 .211 .497
Soda .. . . ¢ e84 e e iaa e e ne e .052 L0851 | .. . L.
Water, expelledat 380° F. . . . . . . .. .. ... -769 1.391 1.660
Sand and insoluble silicates. . . ., . . . . . . . .. 89.690 80.690 61.840
Total . . .. . ... .. .+ &2« 4. i o 99.1385 99.784 100,000
|
Mygroscopic moisture . . . . . . . . . . . . . .. 3.o75 0.665 o0.850
_—— ———— —_———— —_ J | —_—
Potash in the insoluble silicates . . . . . . . . . . 0.670 0.764 0.443
Soda in the insoluble silicates. . . . . . . . . . . .322 .159 .307
_— — — —_—— | e e —— ————
Characterof thesoil. . . . . . . . . . ... ... Bl'k mndy.'Bl'lr. waxy.|BI'k waxy.
I

These Texas prairie soils differ from most of our Kentucky
soils in their smaller proportion of alkalies in the silicious res-
idue; they also present a larger quantity of carbonate of lime,
which is very large in soil No. 2090, and which helps to give
the waxy character to the land. The so-called black sandy
soil is quite deficient in potash, and would not prove durably
productive without the continued use of fertilizers. The rich-

est of them all is No. 2z090. The rock substratum to these
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soils is an indurated chalk, the imperfect analysis of which is
given below.

No. 2091—* INpUrATED CHALK Rock. From near Sherman.
Texas. Collected by Mr. Jesse H. Talbutt."
A whitish, somewhat friable rock, stained irregularly with
light ferruginous. Adheres firmly to the tongue.
COMPOSITION, DRIED AT 212° F.

Limecarbonate . . . . . & ¢ &« = = = = & & ¢ - = s o o = ¢ 8 s » s ¢ & 86.270
Magnesiacarbonate . . . . . . . . . 4 L 0t h e e a0 e e e trace.
Alumina and iron and manganese oxides . . . . . . « + . ¢ 4 4 0 .4 .. 2.¢8o
Silicious residue . . . . . . . . .4 e e e e a e e e e e e e 10.276
Alkalies, phosphoricacid, &c. . . . . . . . . . . .+« . . . s s . .« o|notdet'd.

Total: & v v 55 090 5 Bh @ B 8 % S90S & & 3 WURE F F A T a : 99.5z6

No doubt the action of the large quantity of carbonate of
lime, derived from this solt substratum, in gradually decom-
posing the silicates of the soil, is the cause of the rather small
proportion of the alkalies in the insoluble silicates of the sili-
cious residue.

CHEMICAL EXAMINATION OF THE AsHES "F THE HuNcGariaNn Grass (Paxicem Ger.
MANICUM) AND GERMAN MILLET (PaNICUM )

No. 2092 —* HuNGARIAN Grass (Slack-leaded ), taken rools and
all, the leaves being nearly all green, and the seeds in the soft
or doughy state. Plants about three feel high, in the condition
in whick they are generally mown for hay.”

The field on which they were grown had been in winter rye,
which had been all grazed down by cattle, and the cattle had
been fed with corn fodder on the ground during the winter.
The grass had been sown about the first of June, 1875, and it
was mown August gth to 13th. Rich blue-grass soil. Farm
of R. Peter, Newtown Turnpike.

The quantity taken for analysis; weighing 524 grammes in
the green state, after washing it in the evening and subse-
quent drying through the night; grew on less than a square
foot of surface, and when thoroughly air-dried weighed 182
grammes, or 34.75! per cent. of the green plants.
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No. 2093— HUNGARIAN GRaAss, same variety as the preceding.
From the adjoining farm of Mr. C. M. Keiser; gathered June
272k, 1876.

Plants three to three and a half feet high. The heads just
forming.

No. 2094—*“ GERMAN MILLET. From a field of ten acres, just
oulstde the city limits of Lexinglon, on the Newtlown Turn-
pike; property of Mr. J. K. Drake.”

This field has been fully seventy-six years in cultivation,
mostly in corn and garden stuffs, with occasional small grain.
Five years ago it was manured with seventy-five cart-loads of
stable manure to the acre, and sowed in clover, which was
allowed to remain until last year, when the ground was put
in hemp. which was rotted on the same surface. The clover
was mowed only one year, and in the other years very few
cattle were grazed on it; so that most of it rotted on the
ground. The German millet sown this year, 1875-'6, gave
seventeen stacks, estimated at two tons each, of hay, equal to
more than three tons to the acre. The grass grew nearly five
feet high. and was coarse and hard in the stalks. The sample,
gathered about the time of mowing it, August 28th, had its
heads heavy with ripe seed; lower leaves dead.

In the green state it weighed two hundred and four
grammes. After two months air-drying in the laboratory it
weighed ninety-six and a half grammes, of which there were
thirty-seven grammes of seed. The stalks and leaves were
incinerated separately from the seeds.

No. 2095—* THE SEEDS of the above described sample.”

For comparison, the analysis of the ash of the buckwheat
and clover plants are appended (the latter in Table II), copied
from a memoir by the writer (in volume II, pages 157, 158
(lower paging), Kentucky Geological Reports, second series).
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TABLE 1. COMPOSITION, CALCULATED IN 10> PARTS OF THE ASH. CAR-
BONIC ACID EXCLUDED.
Vol. 2, p. 158,®
series
No. 209e. No. 793. No. 7094. No. 7ags. Gnlo:lc-i
Reports.
Hungarian Hungarian mil- | German mil- | Buckwheas
grass, grass. let, stalks and| let, seeds. plaptsioflower
eaves.

Lie . . . .. ::csceeseas ©.957 0.937 IT. .

Magnesia. . . . . - . . .- . 490 :.gﬁn 3.35 E ;:; 1 ig;::;
umina and iron and manganese ox-

ides . D R WAL AN S e 2.000 3.378 3.624 1.6g0 not est.
Potash . . . « v o+ v a2 2 52 s ar. 724 47.707 32.600 24.265 | 33.900
thphol:ll:-ll:.ld. --------- g::z :n‘:.gs n-;# T 16 04 l;-ﬁ#

........... N I, a H
Fulphoricacid . . . . . . « . . .. lll i.uug .qi7 ﬁ 1.31:
-“illonn:d. gl oA W e e 2.6z0 . 243 .319 430

Silica uble . .. osm e ee e x. .2 a
Silica, insoluble. . . . . . . . . .. ﬁl-g;; 3-,&; 37-9070 4. 387 f‘ A .‘:I .q.‘.’
Total. . i v s v v waie i 45 gg. 265 99.941 100.080 98,860 100.000
Percentage of ash to dried plants 8.057 6. 461 4-968 2.50% B. 762
Percentage of ash to green plants . | 2.Boz not est. 2.350 |+ 0 5 v 0 0 os 1.577
Percentage of dried to green plants. . 34. 751 not est. 47-300 | . . . . . .. 18. 000

# The lower paging.
TABLE IL

COMPOSITION OF THE ASH OF THESE PLANTS, SEEDS, &c.

CARBONIC ACID EXCLUDED. CALCULATED IN oo PARTS OF THE

DRIED PLANTS, &c.

Vol. 2,p 158,*Vol. 2, p. 157,*
N N N K c.'::l:; | K G-en!ng
No. 7 0. 2093. o. ; 0, 2005. Y. -
- ? 094 5 ical Reports. F ||n:a|1‘r Reports.
Hungarian Hungarian | German mil- | German mil- | Buckwheat |
grass. grass. let, stalks and | ler, sceds. [plantsinflower Clover plants.
leaves.
Lime . - . - . - . o.o076 o.obo o. 50z o.193 1.929 ;_z
Magnesia . . . . . . .o40 .oz T 173 072 )
Alumina, iron and
manganese oxides . . 168 .218 .80 T T F T
Poath . . . . . . . 1.752 3.082 1.619 .68 2. 883 2.9
Soda. . . . - - . - .oty cng -1 T P L1EE .10
Phosphoric acid . .738 .6y .535 . 426 1.470 N1
Sulphuric acid . .olsg 13n .037 .o1§ 120 .20
(s:hlorme] g 007 012 .oo8 ,ng: .25
ilica, solu rrae <155 X | 2 .20
Silica, insoluble . . 5.069 s n-u} 3. 848 S I{ .............

* The lower paging.

It can be seen in these tables that the ash of the Hungarian
grass, as well as that of the German millet, is remarkably sili-
cious, and that a large portion of the silicious matter is in the

insoluble condition.
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At first, it was supposed that, although care had been taken
to wash the plants thoroughly, much of this silicious matter
might be excluded from the results of the analyses, as sand
accidentally derived from the soil, and adherent as dust to the
plants; but a more thorough examination, with the aid of the
microscope, in the hands of our experienced microscopist, Mr.
Alexander T. Parker, showed that much of it was in the form
of a silicious skeleton of the plant tissue. This fact was made
more manifest by digesting portions of the stem and leaves in
diluted nitric acid, with and without the addition of chlorate
of potash, until the organic matters were mostly decomposed
and removed, when beautiful silicious skeletons were obtained,
which, under the microscope, showed silicious casts or incrust-
ations of the vegetable cells, and curious dumb-bell forms,
proving that the silicious matter, in a dissolved state, had
penetrated through the cell walls, and changing into the in-
soluble form, had incrusted the interior of the cells.

Some beautiful photographs were obtained by Mr. Parker,
with the aid of our skilled photographer, James Mullen, di-
rectly from the enlarged microscopic images formed from the
silicious residue, after digestion in the acid and subsequent
ignition to destroy all the organic matters. The German mil-
let gave fewer of the dumb-bell-like casts than the Hungarian
grass, and the seeds of the former less than any.

DESCRIPTION OF THE MICROSCOPIC PHOTOGRAFPHS.

No. 1. Silicious material of the stem of Hungarian grass,
which had been digested for several days in nitric acid diluted
with six parts of water, to which chlorate of potash was
added and thorough washing. Magnified about 312 diame-
ters, and photographed by Alex. T. Parker.

No. 2. A similar preparation from the leaf of this plant.
Magnified about 312 diameters, and photographed by Alex.
T. Parker.

These photographs of the purely silicious skeletons of the
tissue of the vegetable leaf and stem are interesting as exhib-

iting casts of the cells, produced, no doubt, by the infiltration
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of dissolved silicic acid, as also as showing, in their dumb-bell
shapes, these cells apparently in the act of multiplication by
the process of division.

It is well krown to chemists that silica, in its ordinary sepa-
rated state in the soil, is almost completely insoluble in water
or the ordinary acids; but it is also well known that it takes
the unstable soluble form of silicic acid when separated, by
the decomposition of silicates by the action of acids in the
presence of water. Doubtless the acid sap of the plants, com-
ing in contact with the silicates of the soil, by osmose, caused
this decomposition, and the relative amount of the silicious in-
crustation of the plant cells may give some measure of this
local individual plant action on the soil.

It is well known the Hungarian grass is a very vigorous
growing plant, even on soils comparatively poor, and that it is
a very rough feeder, seeming to have greater power of assim-
ilating insoluble, or difficultly soluble, soil ingredients than
most other cultivated plants. Moreover, as is seen, it is emi-
nently silicious. All these facts seem to show that it in some
manner dissolves or decomposes the silicates of the soil in a
greater degree than is common to most growing vegetables.

It has been known for a length of time that certain veg-
etables, especially of the lichen family, corrode the limestone,
or even the basaltic or granitic rock or glass, on which they
grow, and that, as was ascertained by Braconnet, some of
these plants are known to contain oxalate of lime to the ex-
tent of half their weight. Other plants, as those of the lyco-
podium family, possess the power ol dissolving and absorbing
alumina by means of malic acid which they produce; so that
the compound of this earth, so rarely found in vegetable
tissue, is present in them in large proportion. That the roots
of most plants, while alive or growing, give an acid reaction,
is well known, and easy to verify by placing them in contact
with blue litmus paper or infusion; but what is the nature or
relative quantity of the acid or acids secreted by the various
species of vegetables, or how they may act on the soil to de-

-compose it, and in what manner their action may modify the
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ash composition of the several plants, has not as yet beem
made a subject of systematic investigation.

It is well known that plants of different species, growing in
precisely the same soil, will vary greatly in their mineral or
ash constituents; and the late Baron Liebig was perhaps the
first to declare (see Natural Laws of Husbandry, edited by
John Blyth, M. D., New York, 1863, page 118) that ‘ plants
receive their food principally from the earthy particles with
which the roots are in direct contact, out of a solution forming
around the roots themselves.”” This solution, other things.
being equal, will vary according to the nature and quantity of
the solvent, which solvent seems to be provided by the plants
themselves, and secreted by the roots, and is evidently of an
acid nature.

It is beginning to be generally understood that different.
plants secrete this acid solvent of the soil in different quan-
tities, and probably of different strength and composition.
Some of them, like the lichens which grow on the rock or
lava surface, being able, by their special solvents, to extract
their essential mineral elements from the hard material, which
they thus decompose, while others, not being able to exert
such a powerful decomposing and corroding agency, can only
live on more soluble and available materials, which they may
find in the decomposing remains of these pioneers of the veg-
etable world, or in solution in fertile soils generally.

To these special solvents—these peculiar digestive fluids of
the vegetable kingdom—may very probably be attributed, in
some measure, the special selective power of plants, by which
different species, growing on the same soil, will appropriate to
themselves not only very different quantities of the mineral
elements, but different kinds of these matters; so that while
one plant may be characterized by a large proportion of pot-
ash in its ash ingredients, another may always select a very
large amount of lime, and yet another an unusual quantity of
silica, &c., &c., and, practically, when a soil will no longer
profitably produce one crop, it may yet be quite productive of
another.
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Some experiments of Dietrich, quoted in Johnson's  How
Crops Feed” (pages 327-8), illustrate very clearly the different
action of different plants in this relation. He caused these to
grow in coarsely powdered sandstone and basalt rock, sever-
ally, watering them with equal quantities of distilled water,
&c. He took also similar quantities of the same rocks and
washed them with the same amount of the water, in order to
exclude the mineral materials dissolved out of the rocks by
the water alone. The special and very different solvent and
decomposing action of the several plants on the rock mate-
rials is clearly shown in the following table, which we quote:

MATTERS DISSOLVED BY ACTION OF ROOTS.

|
‘Ong ths of a:\ndstoneIOn 11 s of basalt.

Of 3lupin plants . . . . . Moo & W D 0.608 grams. 0.749 grams.
Of 3peaplants. . . . . .. . e e e e s .481 ¢ I3 4
Of 2ospurry plants . . . . . . . . ... .268 ¢« .365 ¢
Of 10 buckwheat plants . . . . . . . .. 232 ¢ .327 ¢
Of gvetcchplants . . . . .+ « o & o o . 221 ¢ L2510 ¢
Of 8 wheatplants .. . . .. . ... .. 027 ¢ L1964
Of Bryeplants . . . & s ¢« 4 o ¢ ¢ o = & .0l4 ¢ 132 ¢

The three pea plants extracted from these hard rocky mate-
rials more than forty times as much as the eight rye plants,
and nearly twenty times as much as the eight wheat plants,
under the same external conditions.

From the large proportion of ash ingredients in the Hunga-
rian grass, and especially of silica, and its rank growth, it was
considered probable by the present writer that it exerted an
unusually great “ root action" on the soil, by means of an acid
solvent. To verify this supposition, some of this grass was
gathered by him early in July, 1877, just as it was beginning
to form its heads, and submitted to examination. The moist-
ened roots. placed in contact with blue litmus paper, reddened
it decidedly. A handful of the entire plants, which had been
pulled up by the roots, the dirt having been shook off as com-
pletely as possible, was placed with the roots immersed in a
saturated cold solution of carbonate of ammonia, and allowed

to remain for twenty-four hours. The solution, which had
4jL
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become of a light brown color, was then evaporated to dry-
ness at a heat below 212° F. It left a dark brown residue,
which was re-dissolved in water, filtered and precipitated with
a solution of acetate of lead and a little ammonia. This pre-
cipitate, after washing with cold water, was suspended in water
and decomposed with hydrogen sulphide, &c., and the filtrate,
still somewhat colored, was tested for acids in the usual man-
ner. It was found that oxalic and phosphoric acids were pres-
ent in marked quantities, together with some malic acid, and
probably a small amount of tartaricc. Tannic acid was not
observed.

Some of the same grass was gathered July 23d, when the
seeds were beginning to ripen, and submitted to the same
process, with very nearly the same results: the oxalic and
phosphoric acids being found in largest proportions.

Some buckwleat plants, gathered on September 4th and 6th,
when they were in full flower, were treated in a similar man-
ner. Two handfuls of the plants were placed, successively,
with roots immersed in the same saturated solution of carbon-
ate of ammonia, each being allowed to remain in it twenty-
four hours. The solution, which became also of a brownish
color, treated in the manner above described, gave marked
evidence of the presence of oxalic and phosphoric acids, with
a notable quantity of malic acid, and small proportions of
-other vegetable acids; but no tannic acid could be detected
with iron perchloride. The buckwheat roots did not react so
decidedly acid with litmus paper as those of the Hungarian
grass.

Although in these experiments the strong chemical affinity
of the alkaline carbonate of ammonia may have caused the
exosmose of more of the dissolved acids of the plant-sap than
would pass out into any ordinary soil, and may have even ex-
erted some decomposing action on the soft tissues or the fluids
of the plants themselves, yet they are not without some value
as indicating how, possibly, the plant may form a special solu-
tion, different probably for different species, in the immediate

wvicinity of the rootlets, of mineral substances in the soil which
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may be insoluble in the ordinary surface waters. Researches
into the nature of the special soil solvents of different plants
may aid the practical farmer in the selection of crops in an
ameliorating rotation, as it seems highly probable that some
kinds of vegetables can exert a more powerful decomposing
action on the silicates of the soil than others.
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