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To His Facellency, 8. 3. CRAWFORD, Governor of Kansas:
Sir: I have the honor herewith to transmit to you the
First Annual Report of the progress of the Geological Sur-
_vey of the State of Kansas, for the year 1864.

Very respectfully, your obedient servant,
B. F. MUDGE,

State: Geologist.




GEOLOGY OF KANSAS.

PART FIRST.

GENERAL PRINCIPLES.

The area of the State of Kansas is 78,418 square miles,

or ten times that of Massachusetts, one-sixth larger than
Missouri, and about one-third larger than England. The
settled portions of the State, embraced within the organized

- counties, cover 25,000 square miles.

- The labors of the first year of a geological survey, under
a small appropriation, and over one-third of so large a terri-
tory, could be but little more than a general reconnoissance.
This allowed so short time to each county that no detailed
report of any could be given. On the other hand, the re-
markable uniformity of the geological formations, extending
even to single stratification, enables us to give the develop-
ment of each county with sufficient precision to delineate its
general geology. No marked disarrangement of the strata
has been seen, and from the Coal Measures to the Creta-
ceous, there is apparently no unconformability. This absence
of any geological disturbance accounts, mainly, for the rolling
features of the prairies and the almost entire absence of
either lakes, ponds or swamps. The few lakes are really but
the old beds which the rivers have deserted in forming new
channels. Sibley and Silver lakes are examples of this feat-
ure. It gives such excellent drainage that we have never
seen a swamp which compared with those of the East-
ern States, deserved the name. Even the low river bottoms

P e




GEOLOGY OF KANSAS 5

are uncomfortably wet only during the rainy periods. There
_ are no mountains in the State and no hills that rise very
high above the valleys. . .

The genieral slope of the country is east, with & shght i~
clination toward the south. This is seen by the course of
the rivers. The mouth of the Kangas river is about 850 feet
above the ocean. The rise of the land due west to Manhat-
tan, 107 miles, is very uniform and gradual, and is a little
over two feet to the mile ;* thence westerly, the rise is similar
and but little more rapid. This is shown by the current of
the Smoky Hill river, which rises in the western part of the
State and flows quietly nearly due east, without any import-
ant rapids and but one fall, and that only a few feet.

COAL MEASURES

The lowest geological formation known in Kansas i repre-
sented by the upper portion of the Coal Measures. Itis a
continuation of the coal field which - covers the northeastern
part of Missouri, and the southern part of Iowa, and also
extends into the Indian Territory south of this State. Like
the deposits of those States, the dip of the strata here is to
the northwest, passing at a low angle of inclination under
the Permian, Triassic and other later stratifications. The
Coal Measures cover a larger area of the State than any
other formation, being nearly one-third of the whole. The
foesils of this epoch are formed over all of the eastern part
of Kansas, and exist as far west as Fort Riley.

The line which separates the Coal Measures from the Per-
mian rune rather irregularly in a northeasterly and south-
westerly direction. Considering Fort Riley as on the line of
average extent westerly, we ghall have, (in-the width of the

' State,) the territory of the coal lands 208 miles in length by
107 in average breadth, which gives an area of 22,256 square
ailes. The extent of the coal regions, in the settled part of

* the United States, is estimated to embrace about 140,000

square miles. In our calculations we include only the Coal

Measures proper, and not the Permian, although the latter

belongs to the Carboniferous Age

1 *See Amendtx
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It will thus appear that Kangas, confains one-seventh pait
of all the coal lands of the United States.. We do nof, how;
ever, intend to be understood that the State contains one-
seventh part of the coal, for Pennsylvania hag more numerous
and thicker working beds,. Buf we shall show, under the
head. of coal, in Economical Geology, that we have one seam,
whigh, for all practieal purposes, is inexhaustable.. The qu es-
tion of the ares of distribution becomes more important than
the, guantity to each square mile, when the latter ;aspﬂic;ent
for all onr wants.

The Coal Measures here haveundergone little chiange, and
lie nearly in their natural position. They dip on the aver-
age, a8 before stated, slightly to the northwest. In some
parts of the State this inclination cannot be seen, and in some
instanwes there is an anticlinal ridge or dip in the opposite
direction. Thus, in Wyandotte county, the strata are nearly
level, or have a slight inclination to the southeast. ‘This may
be seen by tracing any bed of limestone ten or fifteen milet:
The peculiar shale, which is mumbered-22 in our section;is
seen at the water’s edge at Parkville, on the Missouri river;
but twelve miles westerly, near the State Penitentiary, at -
Leavenworth and Atchison it is higher. Most of Jefferson,
Leavenworth, Atchison, and the southern partof Doniphan
coyinties, show little variation from a level, and that Litdle | ‘3,
an inclination to the southeast.

Among the greatest angles of dip which we have nottced
is one extending from Lawrencé to' Lecompton; where; in 4
distance of ten miles, it is over one hundred- feot.”

It will be seen thut this smadl- dis&n‘banceofthemwm
very favorable ‘to the opening of eoal shafta. No “fauita?
will be' found inthe beds, and the probabﬂity of-reaching
thie coal at/reliable depths at any given point, will' be nearly
certain. Iiralsogmfsnsalugerarea of the -conl field; as a
lngher angle of inclination wonld soon carry the heads tdo
deep for mining, v

'lg;us portion of the State also shows a great nmfonmty in
the thickness of the strata. About one-fourth of the “whole
quantity of the deposit is limestone. South of the Kansak
I - river, the strata show an increase of thickness, partieularly in

- \ !
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the shales, &cmnwedrmf,hasham increase of dip. This, '
, of thickness is very.marked in Miami pounty, as de;

elq:pd by thqoxl and salt, le;mgs 4 '
Lt is well understood tha; the extreme uppgr portion of the
Gonl Mogapres does not. contain, cogl of the first quality, or
.of mach thxckneqq. Those pecuha.r fayorable con-
dmgns of. climate, &c., whwh, were_ 80 mportant for the

accumulation of vast amount.of vegetable matter had begun
to change, so that the coal was sma]l,m qnanhty and poor in
quality. A fine ﬂlnstrahon of this passing away of the peca-
liaxities of the vegetation of the eoal period is to be seen in
the banks of the Neosho, about three miles below . Conncn.l
Grove. It consists of a stratum of shale, two feet in thick-
ness, full of the remains of the vegetation of the period, but
accompanied by a singular commingling of the material with
_other substances; and the vegetation shows less.of the trans-
formation from its original state than that of the true coal
A marked peculiarity of our coal seamns is that while the
remains of plants are abundantly vwble in most every coal
) sh'atnm, few passably perfect specimens can be obtained.
Nor do the shales, above and below the coal, farnish us with
any better. Enough can he seen to nge the general charac-
teristics of the plants, but, smrcely eyer can any be found
which will designate the. species, and, eonsqquently, suffici-

ently perfect to deserve a place in a csb'met

SECTION.

The following section of the Coal Messures in Leaven-
woyth, eounty, including 100 feet in.the coal shaft. and abont
200 in.the horings. conneoted with. the same, will represent
very,closely the thickness of the strats in. the northesstern
park.of the Btate, and a.ppronm.glply a large extent south of

 the ssme:

Ne.33.—10.feot of slope, probably coyering shale.

No. 31.—16. foet light gray :to. bufl fossiliferous. limestane,
sometimes cherty. This is the highest limestene in
thia vidinity, being, the upper bed, near Fort Lesven-
worth, and from which much of the mategials of the
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Government buildings have been obtained. This is
> No. 13 of the Missouri River Section of Prof. Swal-
low, and is by him, on page 78 of his Geological Sur-
vey of Missouri, erroneously put down as No. 1. The
first members of his section are not found in the bluffs
of the Missouri river in Kansas, or at Parkville, Mo.

No. 30.—16 feet variegated shale, at some places bituminous,
varying somewhat in thickness.

No. 29.—3 feet brown, ferruginous, fossiliferouns hmestone

No. 28.—18 feet blue and variegated shale.

No. 27.—10 feet blue and gray, coarse grained, fragmentary
limestone. . o

No. 26.—25 feet blue and variegated, calciferous shale. This
bed varies in thickness at different points.

No. 25.—10 feet shaly limestone.

No. 24.—8 feet shale and sandstone. .

No. 23.—20 feet buff and gray limestone, seen well developed
near the landing at Fort Leavenworth, also at Quindaro
and various places in Leavenworth, Atchison and
‘Wyandotte counties, just above high-water mark.

‘No.22.—4 to 6 feet of bituminous shale. This, with the
limestones above and beneath it, forms a well defined
geological horizon, easily traced in numerous places
mtheeastempartoftheState,ﬁ'omKansasnver as
far north as Doniphan county.

No. 21.—2 feet hard, dark limestone, furnishing larger blocks
than any other bed in the northeastern portion of the
State, and is much used in heavy work. This lies at
the water’s edge at Leavenworth and Quindaro.

The above strata can be seen in the bluffs near Leaven-
worth and other places in the eastern part of the State north
‘of the Kansas river, comprising the highest hills and descend-
ing to the water’s edge. By the coal shaft at Leavenworth
and its borings, sunk under the direction and calculations of
Prof. G. C. Swallow and Major F. Hawn, we have a contin-
uation of the strahﬁcatlons as low ab the six feet coal seam;
a8 follows: -

No. 20: —1T feet of- shale, mclmmg, near the middle, to sand-
stone.
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No 19.—4 foet hard, gray and blue lnnesbone

No. 18.—438 feet blue shale,

No. 17.—13 feet limestone.

No. 16.—4 feet bituminous sha.le

No. 15.—5 feet limestone.

No. 14.—13 feet bituminous shale and coal. This is the po-
sition of the coal bed which crops out on the Osage
river, near where it crosses the State line, and is there

" about 8 feet thick, and of good quality.

No. 18.—8 feet blue limestone.

No.12.—15 feet shale.

No.11.—7 feet hard, gray shale. /
No. 10.—20 feet blue and bituminous shale, with a thin seam
of coal.

" No. 9.—2 feethard shale.
No. 8.—4 feet hard limestone.
No. 7.—8 feet bituminous shale, and a little coal.
No. 6.—2 feet hard, compact limestone.
No. 5.—T feet common shale. '
No. 4.—2 feet hard shale.
No. 3.—#6 feet hard limestone.
No. 2.—15 feet shale.
No. 1.—9% feet bituminous shale and coal.

This, according to all observations made in the southeastern
part of Kansas, as welliasmlllssoun,ascontamedml’rof
Swallow’s Report of that State, is the position of the thickest
and best seap of coal in the State.- It varies in -thickness
from five feet to six feet nine inches. The coal shaft at Leav-
enworth was commenced in 1888 or ’64 to reach this ‘coal
bed. To test the situation of the underlying rocks at Leaven-
worth, boring was first instituted, which verified the geological
calculations so closely that an open shaft, eight feet in diame-
ter, was immediately commenced, and by Augnst, 1864, was
sunk 100 feet. .The labor was then dlsoontmned till Septem-
ber, 18685, and is now renewed.

"This -Bection is & guide to all the riorthern and eostem part

" of ‘thé State, wherever it may be desirous to sink a shaft for
eoal. Nos. 21, 22 and 23 cai easily be traced, nesr the water-
line of the Missouri river, and in the low ravines twenty miles

: .2
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west of it ; and from thens the positian of.the. higher straly
of limestone can be obtained withoptnuchitronble. As xwn
pass sonth of Johnson and Douglag. connties.the strate ane
found to thicken, so that, at thesame geclagical horizom; the
depth of the coal seam No.1 will be greghar, the farther south
any shafl; may be sunk,,

Far the present wanis of:the greater pastion. of our popu-
lakigm; coal shafle atAdchinan, Loavenworth and Layrence, by
the aid of our variousrailroads, wil] yield a ready.and cheap
supply of fuel. But as populstien and . the copsumption. of
coal increases, coal mines will probably, be snnk.in all parts
of the 22,000 square miles of the Conl Measnres of the State,

PERMIAN.

This formation, so little represented.in North America, is
found well and clearly identified in Kansas. The character-
istic fossils have been, described by Meak, and Hayden, and
Prof. G. C. Swallow. The extentof the area of this epoch,
however, has not yet been clearly marked out, but is quite
extensive; and future labors are necessary to obtain a full
knowledge of its character, or the territory. covered by it- The
thickness of the Permian was placed, by. Prof, Swallow, from
obgervations made, dnnng our, survey.in.the valley of Blue
river, at 567 feef. Farther: wegt, Major F. Hawn fonnd it to
be. greater, placing it, agnonding to his section, mede. in, the
Smokcy Hillvalley, 830 fagt, Sge Rocks of Kansas, p. 5.

It.consists mestly: of calearious.and.arenaceons shales and
beds of lipestane.. Tha. latter, are. frequently quite. impare,
but, somptimen, massive megnesisn. limestone is found, which
ﬁumlehesan e;aell@pt Jbpilding material.

TBIASBIC

Tlu epoch, andpnobnhly the, Jurassic, are rﬂpmanted by
a belt of territory crossing the, Repnblican sadSmoky Hill
valjaya, the extent of -whichia not fully kmown.  The forils,
within it,.ave. very seatios ; and -poarly poesarved,. which. rep-
deks. itdiffionlt, bo:trave the ontlines. of the. fommations. The
nioat important indications of animal- life: which have beea
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found are Ornithichnites, or foot-prints of birds-in sandstene:
“Wre found but one slab, and that contained- (mly four impres-:
siong. The locality from which it was ‘Obtained ‘was about
fifty 'miles northwest of Fort Riley, in T 6, R: 1, east of-the
sixth principal meridian, on the top of a.sandstone bluf
about one hundred and twenty-five feet above the Republiean
riyer. The slab'was much weathered; which: injures the dis-
tinetness of the minor markings. There are two species; both
three-toed and liptodactylous, and new. They belong to the
long-legged waders, the foot-prints of which have been so fre-
quently found by Hitchcock, in the Connecticut sandstones.
‘The -length of ‘the .tracks are: the larger, five and a. half
inehes, and the smaller, three and three-fourthy. These inter-
egled-in .8 dotailed scientific description, will find it. in an. srtk
cle published in the American Journal of. Science. and. Arta,
Vel XLL, No..122. We could find no other tracks in the
viginity, yet it. is most probable that:they will be found in other
plapes, as the deposit hae a long extent in anorthoasﬂerlyand
seuthwesterly. direction.

: Wie-camnot speak with confidence in relation: to the geolog-
iohl age.of the strata which: eontained the. footpxints, a3 we
found. no other fodsils near the loeality, exoept. siticipus wood.
‘Arfow-miles. distant we diseovered some impressions of exoge-
nousleayes, which we suspected weve in. the same. geological
hyerizon s the tracks; but were: unable, st the time,.to verify
#  We.are. molmed» o phm &adopwt:mhkh up as. the
Lias.

~Fhe.beds.of mdmnem mmholumgod fwom. theirnor-
mal: oondition, principelly caused byt the-presencs,of. oxydp
.ofiirgn.. The sféatification is not regylar, much of ikehowipg
soblique. deposit, with . otlier indications of  shaal:water, at
thie timae thie tracks were made... Wheam.other, faot-prints ane
fvmnd; it:will:becoma interesting ta institute s comparicon: he-
tween the age.of tive Connecticus] yalley depasit and; that, in
which these arefoymd. It will thuwﬁighton bath. '

mﬂ&

'&w Oretaneome-Mon mwtﬁm bnt
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no definite examination has been made to show its extent, as
it lies mostly beyond the settlements. Chalk is said to have
been found within it. In fact, one specimen was shown us,
obtained on the upper waters of the Solomon, which had all
the fine, loosely-grained texture of true chalk, and we have
good reason to believe that an abundance of the article will
be found. So far as our knowledge extends, there appears to

_be a cloger resemblance between our Cretaceous and the
English than any other in the United States. -

DRIFT.

The materials of the Drift epoch, in this State, consist of
stones, gravel gnd sand, usual in other parts of the United
States, but in less abundance. The larger stones attain the
size of true boulders, being sometimes ten feet in length, and
weighing ten or twelve tons. The most frequent are & meta-
morphic, stratified, quartzite rock. The metamorphic action
has been very thorough, giving the boulders a hardness equal
to common quartz, and on that account they are frequently
known under the name of “hard-heads.” They cannot fail to
attract the notice of most persons, as they are so unlike any
other rock that may be found in ledges, or in the stratified de-
posits of Kansas. The original stratification of these meta-
morphic boulders, is shown in the various shades of pink and
purple bands, which give many of them a neat, ribboned" ap-
pearance. The characteristics of the stratification are eo -
much destroyed that no clevage exists in the course of the
layers. Sometimes they are dotted with white quartzy peb-
bles, which were rounded and water-worn before the original
stratification. The large boulders are unsually angular, and .
not much worn by water. In this respect there is a strong
contrast between them and the small pebbles, indicating dif-
ferent starting points at the time the Drift agency com.m.enoed
The pebbles, usually, are also of different materials. ,

Next to the quartz rock, boulders of green-stone.are ‘the
most frequently found. A few of granite and sienite are also
seen, but seldom as large as those of metamorphic quartz or
green-stone. They: are also more water-worn and less angular.

' Associsted minerals are rather rare in the Drift, though .
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cornelian, homblende, feldspar, ‘and, sometimes, agate are
found. The deposit is not deep, seldom being seen over two
feet, and more frequently only a fow inches. The large
boulders are found as far south as 38 deg. and 50 min., or ten
miles south of the Kansas river, while the small pebbles may
be seen twenty-five miles farther, as low as 38 deg. and 30
min, of latitade. The large boulders are found quite numer-
ous in the Potawatomie reserve, on both sides of the Kansas,
fapquently numbering fifty to the acre. They lie on the tops
of the bluffs and high prairies, more frequently than in the
lower lands. We noticed one near Mill creek, in Wabaunsee
county, on a high bluff about two hundred feet above the
valley, which weighed fully eight tons. Some still larger, in-
. -cluding one of green-stone, are to be found near Oskaloosa.
They are found, more or less abundantly, in all parts of the
State above the latitnde named.

The original deposit from which these metamorphic bonld-
ers were brought, in the great Northern Drift period, is un-
known; but their marked appearince is so peculiar, that when
the country to the north shall be examined by any geologist
who has seen them here, they can be easily identified. Owen,
in his Geological Report of Wisconsin, Jowa and Minnesota,
has identified the nearest metamorphic rock, on St. Peter’s
river, Wisconsin, four hundred miles from the most southern
boulders in our State. Also, on the western shore of Lake
Superior, and Lake of the Woods, from seven to nine hun-
dred miles distant. In Europe, larger béulders than these
bave been transported, by drift agencies, over more distant
pomts than a journey from Lake of the ‘Woods to Kansas
river.

No marks of grooving, stria, or other glacial action has been
seen by us on any ledge in the State. The limestones, which
crop out in every county, show no disturbance sach as a gla-
cier would make. The fragments of the strata in the bluffs
or hillside always lay so uniform as to show that nothing bat

" the present quiet agents has aided to drop them even & fow
feet from their original position. Only in one instance haye
we noticed a boulder with the marks of stria upon its sarface, -
and that was under such circumstances as showed that they
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must have been made before it left its northern home. The
whole circumstances show that however strong may have been
the action of glaciers in drifting thege eraties across the comn-
&y in other places, they eould have owed their present, posi-
tion in Kansas only to icebergs. )

LOESS, OB BLUEFF.

This is well represénted in the eastern part of the State,
-particalarly on the banks of the Missouri. At Wyan
‘pouth of the city, it is nearly one hundred feet in thickness.
‘Bxtending westward, it grows thinner, and. ut fifty miles the
‘deepest deposits are not over thirty foet. S8till farther waest,
<it  almost entirely disappears. ‘It is the same formation so ex-
tensively seen in the Missouri and Mississippi valleys. 8ir
‘Charles Lyell, in his visit to the United States, decided -that
it was the same as the Loess of the Rhine, but the fossils do
not show a perfect identity between the two formations.

It consists of thick beds of fine, brown mdrl, often heavily
‘fterminpled with clay, so much so as- to be-useéd in the mann-
ifgetaré of briek. -Itseolor is dwing to the presence: of per-

oxyde of 'frvon, ' Mimgled -with - the ‘more recent v e
viould, it forms arith-sedl.

T thisformation: beldngs-a part, at least, ‘of the- bones of
1the Mastedon, which: have béen frequently feand in'the State.
‘A:ibw'yuriagova‘pm -of alargd jaw bone, containing three
-36eth, ‘'was fished from “a- btream- mear Ospwntomio. - It was
onetit to Ohio; and all-trace of it -is' lost ; bat from the verbal

1 @eduription of those whosaw it, the bones must have belonged
-tothe Miastsdon. A large tooth was- shown us, which was
found near Emporia. It was the sixth molar tooth from the
rlower jaw of the :Mastedon gigantens, and belonged to alarge
7igiid’ old individual. The three anterior ridges were worn
- threugh+the emamel, and the last down to its base. The.os
“feigioris of anthier, found near Marhattan, is in the eabinet of
' the'State Agricuittrat College. The smallest circumference
of the shaft: measures fourteen inches. Both extremities of
vthe bone are gone, but it still meéasures thirty-three inches in
length. - Opiplnslly, it comld not have beén less than thirfy-
- eighit ot nine inches, which would indicate that the entiverskel-
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eton measured about eighteen feet in length and twelve feet
in height. '

‘We hear of several other instances of portions of the skel-
etons being found, espedially in the western part of the State.
This animal, with the elephant, must formerly have been a
common tenant of our valleys.

ALLUVIAL.

The Alluvial deposits in Kansag are so similar to those of
the other Western States, that no particular description be-
COmes Necessary.

The river bottoms are usually broad and level, but well
drained. The thickness varies from five to fifty feet. In
various places in the valley of the Neosho, unaltered wood
has been found at the latter depth, in the sinking of wells.
The material of this alluvium, on the surface, is very rich in
vegetable matter, and, in many places, furnishes a nourishing
goil throughout its whole thickness. In some cases it is, in
part, composed of modified drift. At the salt well in Brown
county, a metamorphic boulder was found fifty-two feet below
the surface.

The humus or vegetable mould of the lugh prairies is from
oneto three feet in depth. Itis the usual development of the
prairie features, so common in the other Western States. It
is the same fine, black, rich loam, which has become noted as
the most fertile soil in the world. No better exposition of its
richness, in Kansas, can be given than to refer to the Agricul-
tural Report of the Patent Office, since Kansas became a
State. According to that high authonty, in 1865 it was the
fourth of the Western States in the productlon of wheat to the
acre. In 1863 it stood with Missouri at the head of the list,
and in 1862 and 1864 it ranked entirely at the top of the list.
This shows the character of this Alluvial better than any de-
seription.






ECONOMICAL GEOLOGY.

: OOEL:

In a State where, to agreat extent, prairie covers the sur-
- faceof the conntry, the question of. fue] becomes of the first
importance. Not only isa cheap and abund:mt supply mate-
rial for domestic purposes, but it is equally necessary to drive
 the steam engine for the manufacture of the hundreds of arti-
clesin daily use. Inthis respoct, Kansas is amply supplied.
In almost every settledcounty, coal, of varied quality, is found
negr the surface; and, as we have already. shown, the Coal
Measures, with good workable seams, underlie about 22,000
square miles of the egatern portion of the State. As much of
our coal field is the cropping of the upper measures, it follows
that most of the surfage. coa.l,m all but the southeastern part
ofthe State, will lie in: thm seqma and be of anmfenor
quality.

" A notioe of the anrfaee Wl, 881t is found in various places,
wxll lllnstrate this subject. In Repubhc county, the highest,
grelogically, being above the frue Coal Measures, we find the
lignite variety., The tb.tckeat aegm which came under onr
observation messured; Wentyq‘ht moheg., but the middle
portion was much. mingled with  clay. shale, and | the ‘upper
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parts, though burning rehily, proved an inferior article, yield-
ing a bad, sulphurous oder, and much ashes. This locality
was in T. 4,south, R. 8, weet of the sixth principal meridian.
‘We saw the same vein at several points in that county, butit
showed less thickness, with- no incregse of quality. Similar
coal crops out easterly of this, in Marshall and Nemaha coun-
ties, but usually of less thickness. Coal has been mined at
various points in Brown and Doniphan counties, but seldom
over twelve inches in thickness where seen by us. It was a
little better in quality than that in Republic county, but still
usually an inferior article. It was of light body, and contain-

ed too mach sulphurto be suitable for smith work." At Jor-
don’s farm, twelve miles west of Atchison, it is mined in a
seam of only ten inches in thickness. The then high price
of fuel alone could have justified the waste of labor on so thin
aseam. At other places in that county the same vein crops
out somewhat thicker than at Jordon’s mine. In Jefferson
county, near Grasshopper Falls, and at several other places,
coal has been obtained, but in no place seen by us was the
seani over fifteen itiches infthickniess.” In Leavenworth county-
the “Stranger coal” hds been mined toa considerable extent,

and, owing to"the gréat demand for fael, hds found a'ready
‘market. -* The seam, ‘wheén first opened on the Big Btranger,
‘twelve miles from’ Leéavenworth, was about three feet in thick--
ness. - The middle of ‘tﬁé vein was mnch mingled with shale,
the top and bottom bemg & passdble qnahty of ¢oal, somewhat
sulphurous. In drifting ‘into the hilf &' few hundred foet, it
dxn.nmshed in quality and quantity, and’ thd'mine is now
abandoned. Three niiles distant, on the Littlé’Strangex; Bev-

eral operiings have béor made, bnt the coal isnot usually over
sixtéen inches in thickness." The sdme seam appeared at the
surface in several places‘in Wyandotbe county. ~ Man§ o other
places where it is found might be mentioned, lying nofth of
‘the Kansas river, bat t.hese are sufficient ‘to sho‘w the’ ge feral
’chm-acter and thlckness ‘of “the surfice- coal “We have seen
none in thet pait’ of! the stats hich e dhovld constdér' 2 irst-
clags articlé; of vﬁﬁch wé lthough’l: smtablé for w0rking “fron.

AY ‘é usuaflly ‘bt ffealy’ nfl e éitids irnidH d'vetidy mar-
ket 4t high prives, it 'k e Trfitibd with profie ™ B
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" South of 'the Kansas river; in the middle and western por-
tions now settled, the coal is much of the same character. . In
Wabaunsee county, no seam wasseen by us over ten inches,
and only worked ocoasionally by some blacksmith whe-could
obtain ‘no better fuel. :- In. Shawnee county, near Topeka,
coal is obtained in mumerous places by stripping off the over-
laying soil from one to three feet in thickness, where the eoal
is from twelve to ‘sixteen inches. - In the vicinity of Law-
rence, & similar seam has been worked. InFranklin county,
on the Sac and -Fox: Reservition, fifteen miles southwest of
Ottawa City; a'seam i found fifteen to eighteen imehes, and
has beer’worked. A..portion of it is of a very good quality
The seam appears in various. places toward Scott creek, and
nedr the latter place, in the. fall of 1863, caught fire  and
burned for several weeks. - A$ numerous places in Osage
courity coal has been mined of a better ‘character than i8
ueually found in the sarface beds. - - O

The variable character of the seam in the vxomlty of ‘Bur-
lingame shows the peculiarities of the coal in' the upper
portion of the Coal Measares,- though the quality averages
better than we usually find. in other parts of the State at the
same geological altitude. - At Dragon creek the veinis eight-
een inches thick. Two miles north, where it is worked-on
Mr. Marple’s farm, in & horizontal drift three hundred feet
long, it varies from twenty to twenty-eight inches. Onthe *
farm of Mrs. Morrill, one mile further, it is but eighteen
inches, ¢nd at:Judge Rook’s mine, on the adjoining farm, it is
also but eighteen. . This coal is of very fair quality, and the
selected portions free from sulphur.

Coal has been seen by us in numerous other plaoes, in
various counties, but enough has been narrated to show the
characteristics of the thin seams in the upper verge .of the
Cosl Measures. 'The quality is seldom extra, and: the vary-
ing thickness of the veins always renders the prospect for
mining uncertain.) Buch variations, sometimes amounting to
one-half, are not st in the thick:beds found neay the-center
of the coal formatios; -The variable quality is evew movere- -
marknble than its varying fuantity. - A seam of doal, to fix

et . I et
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nish :a cheap nhdn,nhfmpnoﬁh,mw be:at'ieast four
fobt in thickhess.

“Hheire-are two seams of coalin..ur - Stlm ~which. comiing
siuniformity in ghality emd thickniess ower all those migntibn:
ed. The first is seen cropping out dn the banksof the Litile
Osage, in Linn'and Bourbon coumties, near tite Kavisas and
Miesoriri Btate line; avd thence in varions places in a sorith-
waesterly direction adross the State into-the Indisn Territery.
H-also-arosses Missouxi in & jnorthegetenly direction, and ia
mined. 4t Lexington, on the Missouri, river. -1t is & good
#tticle of bituminous coal, buitter;-on the-average, than the
other: seams deseribed. Above tha stzats of ‘coal.is dbout two
faek of shale, which is overlaid bya bedof herd limestone that
affards an excellent roofing for the mine. -Fhe other, and.in
il respects. the most important ecgel. bed, erops ont ‘in-the
ognter of Cherokee county, crossing ©Gow-creek ngar jts prin-
cipal forks, and thence running at the surfdce in asouthwest-
ey direction across the 8tate into.the Indian Territery. ‘It
wmaaeures, in several places whize it-haabeen slightly worked,
five feet six inches to six feet nime in¢hes in thickness, and
avemges about six feet. The coal, I amt informed, has: beent
~ taken from Cherokee county to (iranby, and other plaoces in
Mispouri. The bed extends in a .northeasterly direction
aarpsp: Missouri, to the northern part: of that - State. , The
* seam is the same that is wronght-at Boonville and near Hud-
808, on the Chariton, and at both places’is abous six feet in
thickmess.* ' In this State, asiin most places in Missouri, it is
of excellent quality. In Chetokee cotnty it;appears in the

open prairie, where there is huf.litle overlaying soil. This
i#t first remoyed, and the- mmhlg:m in.the open air. Where
i.js 80 .deep beneath the purfdcd a8 ko require drifting, it is
oxenlaid by shale snfficiently. havd. to: dfford a fair roofing.

- -The last two.seams are the best/.in, quillity and mest. per-
siktent in thickness and uniformity-ef oheaacter of -aby in the
ftste. These, with all the strets of the Cenl Formation in
Kansas, dip on an average of :ahou: thage foet to the mile
tomard the northwest,.and: sre.seon s far. weet as Manbaitan
sl Fort Rilay, where they disappesnt ander the mare reopnt

*Bee Missouri Report, by Swallow.
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femations. -Consegriently, -these edal seains underiie: the
whole of the eastérw :parf of the Bfate to'that extent: #a
fact,: every gdalegichl indication shows thiat-they Iie, confoimn.
ably; firther west; in:a position nearer to the surface thad
imany of: the-coal beds in Bngland, which are there wroaght
to supply that country with fuel. These two seams, we hes-
itsfe not to say, will hereafter supply the State-with cedl to -
the neglect of -all pthets; -and ;perhaps the Osage seam. wil]
be. dltinately disregasded, and only the. thiek Cherokee bed
worked. [They are but a little over-one hundred feet apdrt,
in a vertiedl position; and when .anoe:a shaft from the. sur-
face has:pdnstrated the strata to the former, the ecomomfcal
indncements will be. strong to go an addRtional hundred feit
bo:the latter, and work in.a bed of coal six feet-in thickness,
instend of one-half @s much. Phe advantages of working &
athick sedm, instéad : of one that is thin, is very apparenf.
©On a vein that'is twenty inches thick, in drifting,-a man dose
well .to obtain twénty bushele & ‘day. On one thirtywix
inches, he can procure sixty to seventy bushels, and if itls
six foet ho can:-obtain two hundred bushels. Where the bad
i8 less than four feet, e must spend & portion of his time in
removing the shals-above or below, in order to make space
fufficient to ‘miné.the - coal, ‘and -the removal of this shale
i8. more than “his dabor on the bed. In addition, the
mxehinary tecefitly irvented for mining coal cannot be-used
%o advantage umless the coal is.over four feet i thickness.

* The objections 'to deep mining, afier the shaft is onee open-
dd, is more appdreat-thmn real. A ‘man:can ‘work as com-
fortably. three humdred foet below'.the surface as at thisgy.
The cost of raising tle coalthree or five hundred feot is very
emnlkon each ton.” TPhe' groatest apparent objection i the
trouble which may occur from the influx-of witer. This,
kowever, is not so great ayin many other States. Abott dne-
forrth of fhe total thickmoesislimestone, and the other thirwe-
fotrtlis aré shdles. . The gvest preportion of: the latter:is
womposed of Sy, * which doos not aliow water to penetreté
froely. Thoierwhehave: bébn obliged todig ‘deep'ivells i Han-

"+ These clay shales are froquently improperly called sospstone. ‘The lgiter ogb-
Weance i mbt Hrit frr the State. ¢ ' S
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e know how slowly the water percolates these blue shales,
abd how moderate is the supply in artesian borings. = This
feature, which is objectionable in wells is favorable in mining.
Should any seam of sandy shale allow a free flow of water,
it can be closed around the shaft by cement.masonry without
much expense.

- The first cost of the shaft is the only serious item. The
price at Leavenworth, by the first contract, was $10 per foot,
or $1,000 for one hundred feet of vertical depth. The high
price of labor in 1864, made this a loosing business for the
contractor. The latter contract is about.§17 per foot.

To supply a population of only 5,000 with fael, it will be
cheaper to expend $10,000, or even $15,000 in shafting and
machinery to mine a six foot seam "of coal, than to work &
thin one at the surface. Few.are aware of the immense
quantity of coal in a bed of this thickness. " A few figures
will explain it. A seam of coal six feet thick and one mile
square, contains 6,000,000 tons of coal, of twenty-éight bush-
dls to the ton. In other words, every farm of a quarter-sec-
tion, in the eastern part of the State, has under it, in this
coal seam, 1,500,000 tons. - If we compare the relative valna
‘of coal and wood, the résult is quite interesting. One ton of
bal has been variously estimated as equaling from one and
a half to two cords of good dry, hard wood for heating pur-
poses. Take the former fignre ; then 6,000,000. tons of coal
are equal to 9,000,000 cords of wood, o an acre of this coal
seam is equal to' 14,062 cords of wood. We thus find, if all
Kansas, (78,000 square miles,) were covered by a forest afford-
ing one hundred cords of wood to the acre, that. 557 square
miles, or less than sixteen townships of the six foot coal
seam, would equal the whole forests of the State. 'Who can
gay that our State is deficient in fuel §

It has been found, from statistics, that the consumption of
foel, (aside from that wsed in manufactories and by steam
éngines,) is equal to one ton te each inhabitant. On this
bagis, Leavenworth would require less than 25,000 tons per
ammum. Allow the city to cover four square miles of terri-
tory, and this coal seam at six feet in thickness will supply
24,000,000 tons of coal from under its streets and lots, 8o
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that the supply, for all practieal purposes, is inexhaustable.
"We must recollect, too, that rivers do not affect the strata be-
low, and. that: the .coal may--be mined ‘undert’.ho‘ Missouri
river as eagily and safely 'as anywhere else. ‘

" Considering the quality and abundant. qmﬁty eonmined
in this heavy seam of coal,'we eannot:too strongly urge all
-oapitalists not to waste their money in'endeavoring to procure
~ -coal flom the thin surfice segms. None of them can supply
a chaap fuel. Let companies be formied in all the large cities
0 open a shaft at each important point.. ' It will net only sup-
‘ply as cheap fuel for domestic ptirposes, but steam- engines
-can be supplied at so low.a rate that manufactures would
soon spring up among us. Ooal 6aght not, when capital and
competition engage in this enterprise, to-sell in-our towns for
‘more than a dime per bushel. = =~ !

“We are informed by several: gentlemen of rehablhty,
‘there is an extensive bed . of lignitéoal in the western part
of the State, about 125 miles from Fort: Rﬂey : It is of the
kind found near Richmond, Virginia, and was. there mined,
during the rebellion, to over-a thousand feet. "It crops out
in a northeasterly and southwesterly course, across the Re-
publican, Solomon, Saline and Smoky Hill rivers, and is rep-
resented as being formed in'a heavier bed than those in the
eastern part of the State. Future geological investigations
are necessary to determine the extent and value of this de-
posit of coal. But -enough i8 known to settle the question
that that pertion of the State:is not deficient in fael.

LIME.

Good lime is furnished from beds in various parts of the
- State, and isso common thatno particular notice is necessary.
‘We beliove every county in the State is furnished with an
abundance of this most useful article. The numerous stone
honges built from. limestone, which .may be seen in every
town and city, show the quantity and quality of  the material,
The sections. taken in the. yarious. partions of Kansss, show
that nearly one-fonrth part of theatnhof the OOdIm
mmdenpbythﬂmm T

!



[ 3 GEOLOGIOAL SURVEY.'
uum

](u!hle s butn mice mlzy of hmeatane, whigh xhuaﬁm
aoﬁ, uniform grain, and.ie sueesptible of ‘& higher polish thak
the common variety. The best marble is,fonnd eithiarin'the
older formations.or.in: that portion of the more recent whidh
bes:been subject 0 igneows agtion. Our lime strata ‘which
frrnish the best marble, do not yield laxge :blocks. BRt; im
mazy cases, labe. may be..obsained: for all putposss ordinavi:
ly reqnired - for internal  uses or. omnaments. They takie 88
higk a polish a8 most of the American marbles, which sfe
faund in the markets of onrlirgecitids. We have seen spc-
imens from Fort Spott, Mapleton, Garnett, Burkingarie, Law -~
renee, Doniphan county, and other places, which compaye
favorably with the same article from New England and New
Xozk.. They are of varions, daik shades; seldam either white
or-hlack. The best which we have seen polished wad fromp
the hydraulic lime stratemmedr Lawrence. . Thisis of vations
shades of huff, sometimes inelined to brown, often taking: a
fine mellow tinge which is fraly beautiful. No attempt has
yot been made to work thede various beds, it there is goed
Tesaon toemdudetbtt,pmﬂb the marble iy heegiplied
to any puxpose iv which the amicle, is -used.: Undonbtedly,
thete are many other places in the State where as geod mae"
bie can he found da-at thane.named.. As the wealth of owr
population inctesaes, thewe will ba a.growing demand, which
our home quarries dah easiky anpply, without sending beyond
the bounds of the State.

. HYDRAULIC LIMESTONE

Hydranlie ceme'nt, ‘Sgernent,? or “ivater ‘lime,?is mich
ased in our State. “Romarr%ement”m 4 nice variety of the
dine article. -Hydraulic linmiestotie, of-that: kind of limestete
which contitins the nsmal eléments riecessary to mike good
eemeut’,:bfoundmvhnumparﬁaot’ﬂw Stuite. 'B:e!ﬂg“ﬁﬂl
Rbinart‘cement ig madeFréin nodulés of mignekian limeatthb,
AWl Soptiria; whidki' ave found Ghiserisfitited tifough e
London clays. These Septaria, like thié ritagmesian émrestisne)
are composed mainly of lime, magnesia, silica and alumina.
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Ii’iﬁmms ‘6§ are found ' ninhefoiis:places. “Wo.weieed

y-omibisbanlaiof the- Masitls dos Cpames, in Lilnm cowsity,
ih Dotiglis and Wntidoite edwities, &c: The putest: whith
~ came under our observation were'at Burlingdme, and at-Gras-
hoppet Feills; about- fhee wrilés niédthiwest.of the town. They
ard wshilly dark browh awd of uaborm texture, but'in a fow
o' Burkiigame and Douglae wefound the suiphuiret * of Joad
and zine.”" They are usudlly smill; weighing from twé toten:
pownds; bt those in Limn écunty meesared hifty -inches in
dametér. T all the loculities they originated -in the clay
shales. - Strata of hydranlic ¥ine are, however, found so fre-
quently in our State, and more easily obtaiied and worked,
thab’ it is mot probable-that these Septivia will be used, tn-
less ‘their quality -should - be found. snpdﬁor to the other hy-
draulic limes. '

" A'bed of brown hy@saulic 1hméstone was worked, sbbut
eight or ten years ago, by the lite- Dr. ¥, Barker, at hisfarm
four miles northwest of Tawretice. Mot being familinr with
fie niantficture of the aﬂndle,hb pmbhbly did not -suceebd
asweﬂasapersonofexpéﬁeﬂw Smlhemmdeagoadw
Hienit, which was used by various. buildérs. &t Lawrence, for

. effitérne and other similar parposes. Miny of the eisterns
dre: b6l in wse, with ‘the-- ‘eeiviettt in - good condifion. They
fow & durabifity whick corapares faverably with the besb
Hentueky cements nowssold in our Bfate. Dr. Barker was
intendifig to pursne thé business more systematieally and ex-
téneively, wher K déath’ closed: the‘opemtxons No onehins.
worked the bed since his deseske. ﬂisexpmment, 60’ fir 48
it was tried, was petféctly satisfictory, aiddlie stratum has ot
the qualities of a good hydraulic cement. Should capitalists
develop this branch of our resources, it would undoubtedly
b a souree-of ‘profit to ‘thern, as well as-4 benefit to the State.
We are now using cement brovght from Lowisville, Kentucky,
t’(ﬁsﬁande, byt water, of ‘¥50-miles, when as:good anarﬁc{e
an Bé-manufactarbdas cheaply here, o the *Gost-oF trans-
Mm, alarge #tem, cordd be saved. An additional: ad-
Vithtage wothd also be gitined in-having e eenfen&rea&y“ﬂir
s aa 800 mmmsae mmoweu knowﬁth&tft rosenes

'Sulpmdes e ‘

4
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best qualities rapidly after leaying the kiln.; Vicat, the best
suthority on hydraulic lime; sgys that.a larger stock shoald
never be made than is wanted for immediate consamption ;
otherwise it soon becomes an inferior article. - .

This stratum' is quarried near the top of the bluffs west of
Lawrence, for building stone.- It:yields slowly to the crum-
bling influence of the atmosphere, and we think will net be
found a first claes ‘stone for external purposes. It takes @
good polish, and makes a pretty marble for mantle-pieces and
other ornamented 'articles.” Its color varies from baff to
brown, and in many cases gives a fine, mellow shndmg equal
to the buff Italian. ~

This bed of hydraulic imestone extends across the country
over Leavenworth and Atehison counties, and also southweet-,
erly, nearly, if not quite, to the southerly bounds of the State,
and probably it will be found to retain good cement proper-
ties in the whole of that extensive area.

The analysis of various limes used in the- manufacture of
cements, shows ‘quite a difference in the' relative proportions
of the elements,-though producing an equally good. artiole.
As the art now exists, a practical test in the kiln and cistern
is of far more importance than the analysis, and it is to be
hoped that ‘the subject will be thoroughly tested on this bed
in various places, so that all our large cities may be supplied
from their immediate deposits, without loss or cost from trans-
portation. A very fair, but not critical, test may be made by
placing the hydraulic limestone in the upper part of a com-
mon lime kiln,and gf¥ing it &, uniform but lower degree of
hep.t than in the bm-mng of the commen limes,

GYPSUM

Gypsum, or snlphahe of lime, commbonly called plaster of
Paris, or plaster,” is found i in numerous places in the Stata.
A bed from four to ten feet in thicknegs crosses. the valleys.of
the Big Blue and Little Blue rivers, from four to .séven miles
above.their junction. - It is seen in.the banks of both streams,
and has been struck, by sinking wells, at varions poipts be-
tween the two rivers.., It is of nniform grain and purity, and
much resembles the best of the Nova Scotia gypsum t.hn.t is
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imported-irito the perts of New England, and used by the
farmers of those States. It has been used:in the.internal
finish of several houses in Marysville, and was found to oper-
ate as well as the Eastern plaster, making a nice, white “hard
finish ” to the walls. When carefully prepared, this coating
i8 very smooth, and may be washed as easily as marble, whmll
it ‘much resembles. : .

Another bed was traced from near the month of the Saline
river, on the southerly side.of the Smoky Hill, in an easterly
direction, more than ten miles. At the point ﬁrst named, it
oonsists of several strata, from a few inches to two feet in
tblckness, interstratified with clay shales. Some of these
gseams consist of beautiful fibrous gypsum, varymg from white
to pink, and quite pure. At Gypsum creek the bed is mass-
ive, amountmg to sixteen feet in thickness. Some of it as-
sumes the selenite variety, and other portlons contain imper-
foct imbedded crystals. This deposit is a portion of Nos. 6
and 7 of Meak and Hayden’s section of this part of the State.

We are informed that the same deposit is found at other
pomts within twenty miles, even thicker than at the localities
named. Gypsum is also found in the vicinity of the salt de-
posits, on the Solomon, Salme and Smoky Hill rivers.

In the arts, gypsum is apphed to & hundred purposes, par-
ticularly in taking casts, in stucco work and other ornamental
designs for furnishing nice buildings. But more practically
b is used by the farmer as a fertilizer, andinthibrespect it
‘will be invaluable. While it is excellent for erops in various
ways, -its great worth, to the Kaneas soil, consists in its hy-
grometic quality, or virtue as an' absorbant-and fixer of cer-
tain volatile matters which are useful in plants; and partica-
larly in retaining moisture in a conditien that rendersit avail- -
able to the roots of plants; and thus countaracting thedrying
and evaporating effect of the sun and winds. - This is-an im-
portant quality, which our farmeis will readily appreciate, es-
pecially in those portions of the State which are liable to
drouth. It retains the moistare to such s degree that a crop,
particularly of roots, manured with it, will sometimes be saved
when an adjoining field will be dried up. Even a singlb
bushel of the powder, on a quarter of an acre of land, will

’"
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sliow 2 decided improvement in the erep, Its dlbctm
H!yibetseen for.several yoam after it is used:

ALUM.

'We haye noticéd the presence of alum in quite a number
of places in the State At Zeandale it is found in srall crys-
tals; also, at. several points on Mill creek, in Wabauisee
connty In the eastern part of T. 4, R. 10, west, it is found
in .connection’ with a seam of hgmtecoaL It is associated
with native sulphur. . A similar deposit is seen on Chapman
cresk, in T. 11, R. 2, :east, about twenty miles west of Fort
Riley, with the additional associate of salt- -petre or nitrate of
potash. It is.also found in various places on the ‘sonthern
side.of the Smoky Hill, from Salina eastward, over a tract of
fifteen or twenty miles in extent. It exists in a anﬂicient
guantity to make a commercial commodity, whenever capltal
and labor shall become more abundant in our State,

In England, alum is manufactured from alum slate and an-
alagous minerals, in which it becomes necessary to calcine
snd pulverize the material before the alum can be extractéd.
But in our deposits the article is so free that the manufactire
will be much more éasy and economical.

FREESTONE, OR_SANDSTONE.

- This is found iin. varions beds scattered in most.every, conm-
tv. The buildings in Legvenworth, Lawrenee sud othee
places attest to its noatnees and. mniformity - of .grain. The
gypagogne, ak: the former place, shows its geod qualthes for

owmenhlcarvwgs
- . Asde fromits weea %8.» building: mkmnl, itn: adtpﬁ»ho&to
other domestic exticles mekes it important: We bave soen
numereas. grihdstonés made of: it, which gave a.goed, shiagp
gvit. There is sueh a great divetoity ib its:chetBateristiosdn
this. reipeot; that great-care dhould be saken. inselocting  the
best; but, wiwnthis:is: dene, a8 geod whebitones and-grind-
Isbomes. dan be mrade: hamds m houghl bywrw
fromi Sk Lowdh. .

W
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Be far 85, we have exsmjined. the arep of Kansas; the pros-
mmmtﬂmmngtbatltmllemrbemm&unmpg
Stiste. - The.gealogical character of itaformations is not fayor-
able;for metalic. produets. But as.all aur ebgervations have
hegn copdined to the eastern half, fntu!emveetagauons onrtb.e
W frontier maay prove more favorable. . .

Jron—This metsl is found in most all geological fonmr
mo but in. Kapaes, 50 far ay our expminations have ex-
tanded, the gpentity is limited, At.a;fow. points some ore
hes heendound. About four miles southwest from Garmett,
i Andgrepn.cguuty, is rather & singalar deposik of -izon. are,
M Jigaahovathe limg strats, in the open prairie, and is agood
aAcle, and of a fair degree of purity. No. atfampbhubeen
madeto:-develop its extent.

The range of sand rock blpff, tsor miles. welt of ‘ullﬁon,
2aps- the barders of Clsy and Washington ecunties, farnishes

SR guemtity of iron ore. Some. portions. of the ledge
Qonsmined, bnt.a.small percentage, whilasat other, points large
gRApsities contained from. twenty. to, thirty percentage of iron,
I¢in.eany of access amd mining, masses of :iflaying loosely on
thesurface. But the great obstacle in ite practical use, is the
searcity. of faelin that vicinity. Timber is not, abundant, and
the swxface coal is of an inferior gpality: The iron ore, con-
sqguantly, cannot: be considered as of mngh practical valge,

We have been shown a specimen, of the, brown hematite
iron ore, from the western part of: the Sigteyaf, very superior
gpality, and containing neazly sixtyper eept-of iron. Should
the depasit prove extensixe and: ensy. of. yceeas from. our pra-
posed railzoad, it would- be valusble; even warg it qeoeacaryto
teansport fuel to the lnoality.

. Zipgd.—The usual ore of lead, from which most of the lead
_Qf,mmmovoe is obtained, ia the sulphuryt or sulphide.. Jt
" ggeurs most abundantly in the Silurian foxmption.. The prin-
gipal.deposits of the United States and Gregt Britain are foppd
in it. In Missouri, lead exists in the lower part of the Gosl
Maagures. As all the texritory of. Kanees; thus, far. explered
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by any geologist shows no rocks so old, the prospect for any
paymg quantity of this metal in the State is small.

The indications of lead in the vicinity of Potosi, in tinn
oounty, however deserve a passing notice. Lead has been
known, for more'than twenty years, to éxist there. AtMine
creek may be seen ‘excavations which are said to liave been
made 'in mining for this ore. Judging from- the trees that
have grown over the debris thrown out from these excava-
tions, it is probable that the operations were carried on abont
twenty five yearsago. “Tiff” (calc spar) oxide of manganese,
zinc blendé and small‘cubes of sulphuret of lead, are found
in the ncmxty ‘We examined the location carefully in the
' spring of 1864, and ‘were compelled to arrive at the conclu-
gion that the appeabhnee of the deposit was’ agamst the prob-
ability of lead being found in paying: quantitzes Since that

time some small shafts have been sunk, with no proﬁtuble re-

sult, although some lead was obtained.’

-Gold, Sibver; dbo.—The origin of gold and éilvér liesin the
Igneous rocks, and are‘only found in the stratified deposits
when they have nndergone changes consequent upon subter-
ranean heats. " As we have yet found no changes of this kind
mKsnsas ms timsloss: to expect to ﬁndtheprecxonsmetahin
our State.” What the western portions will develop we can-
not say’; but -we are sure ‘that the easbern, or settled parts,
contain no gold or silver bea.nng rocks. ‘This is a sufficient
answer ta sll inqairies from those who think they have fonnd
traces of these metals in Kansas. :

Tin.—Frequent reports have been in clrculation that this,
usually rare mineral, is found here. Several fine specimens
of rich proxide of tin have been, on several occasions, pro-
‘duced by the Iidians. As their statements concerning them
were, in some cases, not true, it still remains an unséttied
question whether they ongmabed in the State. A spatimen
‘was' presented to Gen. ‘Hugh MecGee, of Leavenworth, which,

on snslysis; provéd to be a proxide, «containing 76 per cent.

1t 'was sald to hve been‘fou'nd on the banks of the Smoltv
'Eli fiver.” "l e

' geolbgialloulityoftmismmﬁarto that ofthepre—
cions metals, but more restricted in its range. It has been
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found* mosﬂy il “vains- travemng gmn!be ‘gheiss; mici-slate
and othi¢r métamorphic Tocks: | Dntil we find these, or some
‘emptive rocks breaking thibugls the recent stratw, 'we must
conclude that it 18 riot nativé to Kansas. ‘~“The Western: portion
-of ‘the Staté; hiowever, is-s0 far a geologwal temxlﬁcogmh
that it is possible that some local igneous action may have
brought tin to the surfice. -The qitestion 18 the more import-
ant, a8 none is ‘now’ ‘fonnd th the ﬂmted States in suﬂlcmmt
qnanﬁnestopayforwarhng AR o
: R T S S T B C IR
A rnmor.nm;

Petroletim, or mine#til oil, i8 séen in rumerous places in the
State. The Indians have long been in the habit of collecting
it from the surface of springs, and using it for medicinal pur-
poses. It is found most abundantly in Wyandotte county,
and the border counties southward as fir-as the: Indisn Terri-
" fory. ' At Baxtér Bpribgs, in the south part’ of Cherokee
eounty, ‘it is said to be found il etmaxéerable quantitlés At
“fio ‘point in the counties named s it seen in more than a thin
film on the surface, but it is found' 4t 5o - many different }blaéeb
that it is reasonsble to suppose- that- alarge body may éxist
‘below. The nature of ‘the clay shalés'which' composé & lirge
‘portion of the depomts for severor eight hundred feet below
the surface, would not readily allow it to come np, if it were
there. Shou}dr it b found in paying quantmes it is probab!e
thatit ‘will be below the Coal Measures, -

The 6t that is found-on'the sarfuce of the springs is no eri-
terion’ of its charactet 4n the fountdins far below; for the
lighter and best pmducth evapotatﬁ ‘riipidly as it comes'to -the
‘mﬂnence of sun and 'ni¥. - Ta 4 short time, only-the heavier
eléments-and impuritiés vernain.” ‘This will account for the
“bitwmia (¢ pxtch”) fo&ndmmmypm pamculaﬂymnmm
county. - LRI e

Iméeenm ma.ny plisbes i this: Sueefmue nazso -fteriias in
the bérdar.kotnties haed.'! We lidbe. Hokicot i Broym,
‘Adehisoh, Lemwm ‘arg! Rﬂey seoutties,and if thie salt
zfmmy[)nl bo yaiod vhee thow g0 aniing nogo ne

"*‘!v&'y'oné mmmameoammu
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-awave.of the uncertainty of the respls v boring Sox petrelenxe.
Not ane wellin ten, evem ir Penngylwania, has proved.s sue-
oopa.  Yeb the rich retnms of; the: fortunaje wells. fully. cpmg-
pensato for the loss-on the.others, snd the balaueg.af: the. em-
towprise is favorable to thq pablic, althom somomquuﬂs
lose by the operation.

The result of our observations in Kansas ig, that the. ingi-
oapigns are sufficiently strong to jyatify . the .expendifure. of
capital to test the quality of the il whjch certainly does.exigt
to some extent. No one should invest in the business more
than he could afford to lose without embarrassment. The
question cannot be censidered as settled without numerous
horings to & depth of eight hnmdred or one thousand feet.

SALT. :

- While Kangss is-relying for.ite supply of salt on New York,

- Michigan and Sagimaw, there is an abundance of that article
‘within the State; sufficient, if; well developed, to: supply the
whole valley of the Mississipgpi, even were.its population ten
fold’ greater than at present.

The « buffalo lieks ” or %tramps” so oommonmmostovery
equnty of the State,in.most cases owe their origin to -the
presence of the salt brine, even when it does not appear in
the shape of springs at the surface. Numerous wells in va-
rious counties, sunk for fregh water, have produced only salt.
These cases have ogcurred st Mound City, Marmaton and
Emporia, a¢ well as fregnantly among the farmers on,the prai-
ries, At QOsawatomie.gepne of this kind has been turned to
[practical benefit, produqing an excellent article of salt. The
brine, in this instanoe, was meh at & little over 100 feet from
.the surface. So sptigfaptory. has begn the reqult of the well,

 that & new.company has been. formed, which is sinking a larger
artesian bore, hoping to obtain a larger supply of bripe,

. The valleys of the - Verdigris, and. Fall rivers.bhgye;salt
-springs which sapply. part, of the lJoga] demand, theugh o
«exertions have been made te:dévelopithesnpply. The waer
from open springs or wells only being used, which-is pagh
dilnted by the snrface stxomusi: -No ajbemapt has been-made
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to test the full strength or supply found at any considerable
depth. So numerous are the indications of brine at various
placss, that fature efforts will undoubtedly farnish a large
«quantity of salt from that part of the State.

- At Walnut creek, in Brown county, is a large and good
spring, which is now occupied by the Leavenworth Salt and
Coal Oil Company, and promises to be the most productive
in the eastern part of the State. From a series of pumpings
made in our presence, we found the supply of brine sufficient
to manufacture one hundred bushels of salt every twenty-four
hours. Thespring is an open well about fifty feet deep, and
evidently mnch diluted with surface water. The strength of
water was about double that of the ocean, yielding one bushel
of salt from one hundred and seventy-five gallons of brine.
The company are now sinking an artesian boring, to go below
the influence of surface water.

A very large deposit of crystalized salt exists south of the
" great bend of the Arkansas river, in which it lies in beds
from six to twenty-eight inches in depth. In one instance, two

‘Government wagons were filled in a few minutes, without be.

ing moved.. Thesalt is so compact as to require a hatchet to

cutit. These deposits are undoubtedly caused by the drying

-up of salt ponds or salt branches of the Cimmaron river.

But this is sitnated so far from the settled portions of the

State, or any regular route of transportation, that at present it

is of no practical value.. A railroad toward that region would

make it of vast commercxal importance.

The great supply of salt which is to meet the demand for
Kansas and the neighboring States, lies at various points in a
tract of country about thirty-five miles wide and eighty long,
crossing the Republican, Solomon and Saline valleys. The
signs of the deposit are seen in numerous springs, but more
ﬁ-equently in extensive salt marshes.

. A description of one of these marshes will be good for
.large numbers of them, as they are very similar in their for-
mation and appearance. - Take thatin T. 4, R. 2, west of the
gixth principal meridian, in the Republican valley, about sev-
enty-five miles northwest of Fort Riley. It is sometimes
called the Tuthill marsh. The valley here is wide, gradually
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rising to the high prairies, so common in that part of the
State. The marsh covers nearly one thousand acres, more
or less impregnated with saline matter. About one-third 'is
entirely void of vegetation, which the brine will not allow to
grow. It is perfectly level, and at the time of our first visit
was as white as a wintry snow field, with a crast of erystalized
galt. The marsh is of recent Alluvial formation, composed
of sand and loam, from twenty to thirty feet in thickness,
brought down by the wash from the high prairies, which rise
gradually on three sides. In this allnvium, at various depths,
are found the bones of- “buffalo, deer and antelope, who have
probably mwd_e this a resort for salt for long ages past, as they
are ‘seen to do at the present time. Underlying this is the
Triassic rock, which in Europe furmshes 80 much salt that it
is termed the Saliferous system.’

The incrustation of salt is frequently three-elghths of an
inch in thickness. This is scraped up and used, in its nataral
state, for saltmg cattle, &c.; but, for domeitic purposes, it is
‘melted by being mixed thh about twenty gallons of water to
a bushel of salt, when the mechanical impurities, sand, &e.,
readily settle. The salt is again returned to a solid state by
evaporation. The marsh, after scraping, produces a second
crop of salt in from five to-seven days of dry weather, and
after repeated scrapings dtiring the past three years, yields as
foll a supply a at first. The brine exists in nearly equal
quantities and strength in-all parts of the marsh, and can be
obtained by boring a few feet, or digging pits. No definite
salt spring shows itself at the surface, but the supply must
come from numerous points below, though coming from one

. great central reservoirorsaltbed. According to the observa-
“tions of Mr. J. G. Tuthill, who lives near, and has made bor-
ings in over one hundred different places, to a depth of twenty
or thirty feet, there is a very uniform supply and strength of
brine. The water preseved for analysis was obtained by me
by a boring made at random. It was found at four feet from
" the surface. -The density, by the salometer; was 24 deg., (8.16
Baume, or specific gravity of 1.0421,) with the thermometer
“at 60'deg.  This should give a bushel of saltfor one hundred
~and thirty gallons of the water, (not counting thé impurities,)
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whlchls three times the strength of the ocean. It ‘wastaken

at our second visit, immediately after a heavy rain, which must :

have diluted the brine.

The marsh receives the drainage of the valley slope, about
two miles in width and five miles from the north, and, conse-
quently, the brine as it comes from the source below, must be
constantly weakened by so large a body of surface water.
That from the north comes down in a stream ten or fifteen
feet wide, and about a foot in depth, in a sluggish current,

and, when near 3 clump of trees at the north end of the marsh, )

suddenly disappears, and is not again seen till it reappears

below thg opposite part of the valley, toward the Republican .

" river. A part of this stream, in its subterranean course, may
pass unmingled with the salt water; buta large portion must
percolate into the loose soil occupied by the brine, and help
to dilute what would otherwise be a very strong solution. -
Every indication tends to the conclusion that by an artesian
boring brine can be obtained equal to the strongest now used
in any part of. the United States. = Scarcely any other spring
east of the Mississippi gives so strong a brine at the surface.

The extent of the marsh also shows that the nain source of .

the salt cannot lie far below. It is a fair inference that the
strength of the brine is in proportxon to the extent of gronpd‘
affected.

The soil of this and the adjoining valleys affords excellent
farming land, and good fresh water i is obtained as soon asthe .
borders of the marsh are passed.

The other .salt deposits on the Republican and Solomon
rivers and their tributaries, are similar to that above de-

scribed ; extendmg across the country in a southwesterly di- -

rection. The Indian troubles prevented us from visiting those
on the Saline river, but from reliable 1nformat10n, from various
quarters, they must be as good as any we have vmlted

The large quantity of salt, within the tract desxgnated, 8 .
evident from the fact that the waters of the Solomon and Sa-
line are so impregnated as to have a saline taste from pomts
eighty miles above their entrance into the Smoky Hill rivér."
The waters of the latter, when the stream runs low, also show; '

the presence of the brine. The. supply of salt suﬂiclenf; to —
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meet this daily and hourly.amount thus carried down must be
immense.

STATE SALT SPRINGS.

The twelve State springs lie in this territory, and call for a
brief notice.

Spring No. 1is in 8. —, T. 10, R. 6, west of the sixth
principal meridian, and covers several springs in the valley
of Salt creek, a branch of the Solomon. The indications are
not so good as in other places within four miles. The location
is so far from any great traveled route that the spring cannot
be of practical benefit for many years. Springs Nos, 2, 3
and 6 are good, but are located on Salt creek, above No. 1,
and farther from the settlements; and for that reason cannot
at present be made available. They are in T. 8 and 9, of R.
8. Springs Nos. 4 and 5arein T. 13, of R. 1 and 3. By
some singular oversight in the location, neither of the two
contain any salt spring, or salt deposit of any kind.

Springs Nos. 7, 8, 9 and 10 are all in one large salt marsh,
in 8. 20, 29, 30, 31 and 32, T. 4, R. 5, and 8. 5, 6, 7 and 8,
T. 5, R. 5. The marsh covers about three thousand acres,
and is go gimilar to the Tuthill marsh, first described, that no
further description is necessary. The brine is found in all
parts of the marsh at a few feet below the surface, with equal
- indications of quantity and strength. They are about seven
miles from the Republican river, and nine miles from the
projected route of the Union Pacific Railway, Eastern Divi-
gion. The location is excellent, and springs are valuable.
Abount six miles east of these are Springs Nos. 11 and 12, oc-
cﬁpyihg a salt marsh in 8. 7, 8, 17 and 18, T. 5, R. 4, and
cover an area of three hundred acres, which, like the other
marshes, is.void of vegetation. It is, in nearly every respect
like the Tuthill marsh, with every indication of a large sup-
ply of brine. The nearest point of the Republican is one
mile, and the line of the proposed railroad is within four
miles. T S :

" These .springs are all leased by the State, and the six last
named will soon be in operation. Could those first named be
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.re-located it would be an important gain to the State. Atthe
_time of their location, the commissioners were not allowed to
select springs beyond the first gnide meridian west of the
sixth principal merdian, as the public lands were not surveyed
west of that line; while one-half of the salt territory lies
there. The whole of that region is now surveyed, and could
Congress be induced to allow these springs to be re-located,
-they could be selected in the Saline valley, within ten miles
'of the proposed railroad and the road of the present overland
express. This is the more important, as salt is now carried
over this route to Denver, and the manufactare would be on
the nearest point to that market.
The geological position of the salt deposits of the world in
. this connection, becomes important. It has been found: in
“the Tertiary formation in Lower California, on the Colorado
river, Greece and Western Asia.’ In the Permian,in parts of
England, Ireland and Russia. In the Coal Measures, in Kan-
-gas, Valley of the Kanawha, Western Virginia, and at some
places in Ohio, Pennsylvania and Michigan. In the Devonian,
in Russia, Pennsylvania and Ohio. In the Upper Silurian,in
the celebrated Onondaga Salt Group, New York. But the
greatest deposits are in the Triassic, the most of the beds of
rock salt being found in this formation. In Germany it oc-
curs in the Muschelkalk, or middle of the Triassic. InIre- -
land, England and France in the Upper 'Triassic. The cele-
brated salt mines near Cracow, in Poland, arein the Triassic.
This bed has been penetrated over 1,200 feet, and is twenty
miles wide and over five hundred miles long.* The bed in
Cheshire (Triassic) supplies most of England with salt, and 8
large quantity is sent to the United States. The following
section at this mine is interesting:
No. 1.—2 feet of soil.
No. 2.—8 feet of hard-pan.
No. 3.—386 feet of marl and indurated clay.
No. 4.—7 feet of open gravel.
No. 5.—90 feet of marly earth, with seams of crystalized gy’peum
No. 6.—75 feet of rook salt. .

* No. 7.—80 feet of stone, containing veins of red rock salt.
* No. 8.—T76 feet of rock salt.

* lZaapp’s Chemijcal Technology, p. 248, vol. I.
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Ko. 9.—15 feet of rock salt: This layer contsins less earthy matter

than those above or below:it, and is'the only.one workady

, No. 10.—180 feot rock salt: A shaft has been sunk to thid depth.with-
out passing through the sirata.

7168 foat of Fook and edrth.
345 feet of rock salt.

573 feet total.

“The immense beds of Cheshire and Poland become more
interesting to us when ‘we consider that our main salt territory
is in the same geological formation.

The purity of rock salt is exceedingly various. While the
crystals are sometimes entirely pure, the beds are so mingled
with foreign substances as to be of no value until the salt is
disselved and purified, and then returned to a solid form. ' In
many instances fossil mfhsona enter abundantly.into its com-
position.

‘We are not aware that rock salt is found in paymg qumm ‘
ties in any part of the United Statee except at Holston, Va.

The number of gallons of brine regnisite to make a bushel
of salt, from springs at the snrface, can be seen by the follow-

ing table; . .. . N . , ‘
Kspawha, Virginia, - - : - < 860
Montezums, New York, - - - - . 600
Conemaugh, Pennsylvania, . - - - - 800
Sciotd, Jackson county, Obio, - - - -7
Shawneetown, Illinois, - - - - - 1280
-- Hnrrig’s Springs, Missouri, - -~ - . - - ‘265
Blythes's Springs, Missouri, - - - - 340 -
East Saginaw Salt Company, Michigan, at 70 feet, - ,600
. Scribner’s, Grand Rapids, Mlchlgsn, - - - 392
Sea’ water, Nantucket, - ~ - - - - - 350
Great Sult Lake, - - L. - = - 20
Brown county, Kansas, - - . " about 200
Taylor's Spring, Verdigris, Kansas, - - - 280
Tuthill Salt Marsh, Kansas, - - - - 130
Wells after boring from 100 to 1,500 feet :
. Kanawha, average, - - e - - 77
do  best, - - - e e - 82
" Onondaga, average, - P SR - 84
de best, - - - - - - 30
East Ssgfnnw Salt Gompany, - - . .- 80
Montezumsa, N. Y., - - - - - 50

Z;nesvillg, Ohio, - P . - 9%
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.. Grand River, Arkansas- - - - e - 80
Mnskingum,Ohxo, . - - - 80

" Pomeroy, Ohio, at 1,200 feet, - L .. 56
Prussisn Minden, at 2,516 feet, - - - - 165

‘.. Rodenberg, Germany, - - - T )
Schonebeck, Germany, - .- - - - 112
Cheghire, England, - - - - 251022

: MANUFACTU‘BE OF SALT.

The most usnal method of ma.kmg salt, in this country,
by. boiling the byine in iron kettles, holding from eighty to
one hundred gallons each. A “block,” consisting.of about
gixty, cornected go that the brine can flow from those nearest
the, fire-grate to those more distant, placed in two rows, is the
usnpl arrangement at Onondags, New York. One fire-grate
is, sufficient for thirty; kettles, After being seftled in large
cistexns, the water is tun into the kettles over the fire, and
then flows from one ‘to: another, as it becomes boiled down,

til} saturation:and erystalization take place in those nearest
the smakestack. In the early part of the process the impu-
ritiea settle in the bottom of the kettles, and form a “pan”

8o solid that a cold-chisel is required to remove it. Formerly .

it. was the cnstom to a]low the fires to go out.once a week, ip
- thick. Thﬂs is called bittern. Tp vamte thls a‘_false bot-
tom or loose inner lining is plaged in the kettle, with a handle
rising ifi;thecenter. Agthe impurities settle, the false bot-
tom is taken out and the “pan” is easily removed withoyt
stppping. the. fire. In the kettles nearest the fire the bittern
seittles most freely.

‘Ag:the brine’ pasaes mm the. kettles most distant from the
ﬁ:e, it ceases to boil, till, in.the last, the temperature falls hp

190 and. even 160 deg, Asmcrystahzes,xtlstakenoutand‘

allowed. to drain, thoroughly, when it is ready for the market.

A:blodk o6 Onondaga yields forty-five bushels of salt toacord

~of -good-whod, . But thig-is when the brine is. very strong, re-
gnixing the evaporstion of but thirty-five gallons of water to
the bashsl, Where.coal is cheap, ss in Kanawha valley, the
pressse by boiling is earried on to great advantage, In that
valley, when borings were made, int some instances so copious
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a supply of gas rushed up that a simple contrivance was
made to convey the jet under the boilers, and thatsaved,in a
great degree, the expense of fuel. As some accidents occur-
red in its use, and fuel is abnndaut, the use of the gas hasbeen
nearly discontinued.

Another, method of mannfacturmg salt is by graduation.
In this case, high, narrow frames are erected, and the spaces
between the open walls filled with thorn bushes or other fag-
ots. The brine is pumped into cisterns placed on the top- of
the frames, and allowed to trickle slowly down over the fag-
ots, which thus give a large evaporating surface. The brine
is allowed to fall five, six or even eight times, according to its
- strength. As the graduation houses are from thirty to fifty

feet high, this operation requires much labor orsteam power.
A loss; too, occurs (about 12 per cent.) from small drops of
brine being blown away. At Nauheim, a glass placed six
hundred feet distant was found incrusted withsalt. AsKan-
gas is liable to strong winds, this method will not be found ad-
vantageous. Should any one desire to try it, he will find it
more fully described, with plans and diagrams, in the Patent
Office Report for 1857, in Knapp’s Chemical Techpology,
Vol. I, and Ure’s Dictionary of Arts, Manufactures and
Mines, Vol. IL, either of which will give the reader a full
idea of the details of the method.
" But the best method of manufacturing salt, particularly for
Kansas, is by solar evaporation. In this process, the brine
is first placed in large and rather deep vats and allowed to
settle. The mechanical impurities are thus readily precipi-
tated. The water is then drawn into shallow vats, and as the
process of evaporation goes on, portions of the chemical im-
purities are precipitated. This is owing to the fact -that sul-
" ‘phate of lime, and some other substances, are held in solution
more firmly and in larger quantities, in weak brine than in
strong. In this way frequently three-fourths of the impuri-
ties of weak brines are thrown down before the salt begins to
assume & 8olid form, The brine is next drawn into cryitel-
izing vats, where it takes the solid form, but in coarser crys-
tals than in boﬂmg, and is, at Onondaga, for that reason,eﬂod
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“ coarse salt,” and the boiled -called “fine.” . For mble s.nd
dairy parposes, 1t13ﬁrstgronnd. -

This method of making salt is extenmvely used in thesouth
of France; the West Indies, and on the coast of the United
States. At the salt works of New York, about one-sixth part
is made by solar evaporation. - It always makes a detter arti-
&le; and at Onondaga:eommands from five to twenty per cent.
higher/price.. The objection to it is that it requires more cap-
ital and more time. But, notwithstanding these disadvan-
tages, the ‘costof making at New York and at Saginaw, Mich-
igan, is not over two-thirds as great. for solar as for boiled
galt. If golar evaporation is the most economical method in
New York, where fuel is cheap ‘and the climate cool and
moist, our climate must contribute a decided advantage over
Rastern ‘manufactories. At Onondaga, the number of
days in the year on which rain falls is one hundréd and twen-
#y-two, while the records at Fort Riley show only sixty-eight.
The salt territory is even dryer than at Fort Riley. Again,
Onondaga and Sagiriaw are situated about three degrees of
latitude farther north, giving a long winter, during. which no
solar salt can be made, and but little except during the sum-

_mer months. 'While here, owing to our well known dry and
mild climate, evaporation goes on during most of the year.
Blodgett, in his Climatology of the United States, ssys that
the amount of rain in our salt territory is about three-fourths
thatof New York. But a very great advantage in evaporation
is gained in the peculiar dryness of our winds, which can be
fully appreciated only by those who have traveled in that
‘part of the State. " Buffalo meat, when hung in the summer
air, will readily cure withoutsalt. All these canses combined
will undoubtedly give an evaporating power three times
greater than New York; or, in other words, an ordinary vat
or “cover,” 16x18 feet, which at Onondaga gives fifty bushels
of salt a year, will give us one hundred and fifty.. Solar
evaporation must then be the most profitable method of man-
ufacturing salt in Kansas. One objection which is raised to
solar evaporation is that chloride of calcium will penetrate the
_wooden vats, even when no crack is visible, and carry with it
a portion of salt. It will even penetrate through ma.gy kmds
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of earthenware. ' As this, hewever, has & tendeney to purify
the salt, it nearly compensates.forthe lops,; Bus the chloride
of calcium, by the anslysis. of the salt, is not found at the
Tathill marsh, and, if found jat other points, exists.in..very -
small: qumhhea, go the objection dees nothave much weght
‘when applied to the manafagture of: salt in Kansss,
A large portion ‘of the.cost of the vate in New York and
Michigan is in the sliding covers. which are used -to..protect
the brine from rain. At Turk’s- Igland, the south of France
and many other places,wheresolarevaporation is the method
employed, no covers are:used, ag the: lose fram, an. ogeasional
rain is.not equivalent to the additional cost.of preparing the
roofs: The amount.of rain-in our salt territory is only three-
fourths as much as at Onondags, and it may be found to be
economy to use open vats only.
" The number: of “covers” in New Yoxk, in 1864, was

43,200, spread-over anarea of several hundred acres, Should
it be found unnecessary to employ them here, a large’ reduc-
tion of capital in carrying on: the . buginess will take place. .
This reduction: would probably: be: enfficient to hring the cop-
ital employed in splar evaporation. on an equahty with that
used in the manufaetnre by boiling.

:All brines and -salt coptain more or less; 1mp1mttes, sueh
as..corbonate of lime, sulphate. of lime,. sulphate. of soda,
chloride of magnesium, chloride of -calcium, &c. One great
object in the: manufacture of ealt.is to t‘ree it (or the bnn&) .
from these ingrediénts. . . -

- The following table will shew the :pement:sge of mpunties
in the watér of various spnnga before boxlmg, and of the mlt
aftér boﬂmg : :

) - Water. | s.lt

Tuthill Msrsll, Kansas, oL 109 285

. Bast Bsgmaw Salt Company‘, Mich., .. 2380 o
do "do do do do 24 well, . 1866 o
" @rest Salt Lake, . . .0 . 98 tiit -
* : Warm Spring, near Gren Salt Lahe, . .. 2017 T.08
. Sen Water, averageabout, ... . . . 2800 . 400, .

- Onondsg&,-wqrqge of,ﬁv,o wellg, .. - 6.51 v

Py
h ’l’n all onses wﬁere this word is nsed itis mtended to mclude :!l solld mbstnnoet
MM aalt orehbﬂac of sodfum.
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Kanawha, ‘do threewells, . . ...2L66 3.15
.. Bdbougbech, Prossia, . . . . . 7.07 . 2.19
Dieuye, Franoe, . . . . 15138 191

"By comparing: thege relm}ﬁs, it will be seen that while all
brines, during evaperation; precipitate a portion of their in-
greiliants before they do the salty and thus aid its purity, dif-
ferent springs  vary in this moet important characteristic.
‘Other:things being equal, weak brines precipitate a larger pro-
portion than strong.

Different snbstances have a different point of solubility,
aecbrding to the strength of the brine, being usually more
soluable in weak. But their proportion is a constantly vary-
ing ratio, dependent on the combinations. Thus; sulphate of
lime (gypsum) is most soluble in hrine, standing at 12 deg.
of- the salometer, but combined with oth¢r substances may be
_-equally soluble when it is stronger. It will be seen that-the
brine from the salt marsh precepitates 83 per oent. of its im-
putities by evaporation.

‘Various methods have been practiced to remove these im-
purities. Lime was formerly used, in small quantities, in
settling the brine, but as this has a tendency to unite. with
the chlorine of the salt, and form ehloride of calcium, (ohe of
the worst and most unhealthy imparities,) it has now. nearly
fallen into disuse. Alum, in small quantities, is also someg
times used, and found to be far better, for while “limed” salt
and “ alumed” salt were placed side by side in the same store
house, the former would absorb water from the atmosphere,
and become caked almost as hard as stone, while the latter
would remain dry and uncaked. This ability to remain dry
and loose is one of the best practical tests of the purity of
salt; for while pure salt does not absorb water from the air,
but remains dry, impure salt absorbs moisture freely, which,
in its turn, attracts dust and.any light particles of matter.
This absorbent power is owing to the presence of the chlo-
rides of magnesium and calcium, which are both remarkably -
deliquescent. There is another method of purifying salt,
considered as good as by the alum process, and as possessing
some advantage over it. This is to mix a small amount of
common clay with the brine in the settlmg tanks. This car-
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ries a portion of the impurities to the bottom witho# any
chemical union, and in this respect it is preferable toall other
purifiers. These three methods have all been ‘thoroughly

tested at Onondaga, and so fully has the experience setiled:

“the question, that the superintendent, for 1852, says th“t “ fhb’
public interests wonld be promoted by the entire prohibition

of -the use of lime.” He adds, also, the following significant

- remarks: “It haslong been known that if brineis auf’wed
to stand exposed to the air for some days, it needs DO other
preparation.” Large reservoirs, for the latter purpose, could
be made at small cost,of clay, which is sbundant nesr-all o
springs and marshes. ' ‘ '
No refining process is used at Turk’s Island, or most of the
-West India Islands. C
The cost of making the salt, per bushel, and presenting i
to the market at various points, is interesting to manufacturers:
At Valencia, Spain, B 2

At Berre, France, . . . . . . . 0B
In the West Indies, ... .. . .08t0.12
At Mazatlan, Mexico, S S ¥/

The above are by solar evaporation.
Kanawha, Va., . .

The Saginiw, Michigan, enterprise gives the follo
“items as the cost, at that place, per barrel, by artificial heat,
in 1863: ' :

17-

Labor, . . . . . . Lot 20
Wood, . . . . A T 2
Barrel, .85
Packing, .04
Nails, &e., .02
National tax, P b ]
Total, . . . . - $1.08
Or, per bushel, = . . . 22
Or, per bushel, without barrels, . . 16. -
Cost, by solar method, for 2,000 barrels: G
Labor, . .. . e .. $2,000
Barrels, . .. . . . . . . . . €000
Packing, &., - . . . . . - .. . 1500
Interest on capital, at 7 per cent., . L . 8,080
. . : . . [T —
Tota, . . . . . . . .. $14580
Per barrel, . - . . . . . . .. 78

"Per bushel, . . . .- . .. 1B
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Per bushel, without barrel, . . .084

We are informed that this was more tha.n the cost at Onon-
daga at that time ; yet salt, at this time, is selling for 82 per
bushel in many parts of Kansas. o

‘We are frequently asked, when a weak salt spring is found
at the surface, how far it will be necessary to penetrate into
the earth to obtain strong, paying brine. Thereis no definite
rule on this subject, except what is applicable to particular
localities. Even in the same locality, various wells meet with
brine of different density at the same depth. In most cases
stronger brine can be obtained by boring, provided the sup-
_ ply is reached at-a lower level. But a spring at the surface
may approach in an obliqne direction from a distance, and the
boring pass through the upper. or diluted portion, and then
obtain only fresh water. At Prussian Minden, a very weak
brine at the surface, furnished, at 2,515 feet, a bushel of salt
. 10165 gallonsof water. A wellin the Muskingum valley,
Ohio, which yielded a brine containing a bushel of salt to,600-
gallons at the surface; gave a bushel to 50 gallons at 1,000
- feet. Inthe Kanawha valley, springs at the surface giving a
bushel of salt to 350 gallons of water, at 750 feet gave a brine
- yielding a bushel to every 32 gallons, while in the same bor-
ing, at a depth of about 1,500 feet there was no increase of
strength. A boring at East Saginaw, gave a brine at 70 feet
. which required 2,600 gallons to make a bushel of salt; but
. at 639 feet gave a bushel for every 30 gallons of water, the.
brine standing at 1 deg. in the former, and 90 deg. in the lat-
ter case. The Bay Oity well, at the same :place, gave an
équally strong brine at 518 feet.: The brine at Saginaw is
usually strongest at from 500 to 650 feet, beyond which it
grows weaker. At Onondaga, New York, the brine aver-
aging 72 deg. by the salometer (35 gallons to a bushel of salt)
is found at 310 -feet, and after that depth is passed the brine
- grows weaker. "At Liverpool, N. Y., the well is but 100 feet
deep. ‘At Pomeroy, Ohio, at 1 200 feet, the brine gwes a
bushel to 56 gallons. -

- The most regular incréase in boring which has come under
our notice, was that of the East Baginiaw Company, ata well

-
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about three-fourths of a mile northeast of the village, on the

banks of theriver. It was a8 follows, viz: .
At 90feet the brane stood at1°salometer. At 531 fi. the brinestood at 44°salometer.

At 102 [ [ cc so ‘t At 559 ‘c ce 6 60° [
Aton & < cc 6 100 € At 569  ¢¢ . g4 ‘e
At 203 “« e LIS 7 (R At 606 [TIEERT ¢ ggo -6¢
AMB? ¢ ‘e ¢« 9go “ At 639 o 6 ¢ ggo cc
" At 516 € 6 400 “

By these examples from various places it will he seen that
" no rule exists by which the strength of the brine can be. esti-

mated prior to actual test by boring. In the eastern part of

Kansas, in the Coal Measures, though good and profitable
wells may be found, we cannot expect that any two wells will
give brine of the same strength at the same depth. The ex-
tensive deposits of thesalt group on the Solomon, Republican
and Saline rivers, however, give the best reasons to beliave
that a fixed rule may be found for that geological deposit, sim-
ilar to that at the Onondaga syatem. Or, full as probably, a
bed of reck salt may be penetrated, to which a shaft may . be
sunk, and the dry salt mined like coal. This idea is favored
by the fact:that nearly all the large deposits of rock:salt are
found in the sameé geological formation, viz: the Triassic. The
analysis of the salt from the Tuthill marsh shows the entire
absence of chloride of calcium, which isone-of the pecriliari-
ties of rock salt. .

THEORY OF SALT SPRINGS.

The theory of salt springs is this: Below the surface, at
various.depths, are deposits of salt, either in the form of rock
salt or saliferous shales or sandstone, in which the article is
more or less disseminated. The surface and subterranean
streams of fresh water come in contact with the salt, and are
changed to brine. This brine either directly or indireetly rises
to the surface. In its course upward it mingles with surface
streams or other fresh water, and becomes diluted. On this
- account the brine, when it issues as a spring, is-seldom suffi-
. ciently strong for profitable use in salt manufacture. ‘We
know of none in the United States which, for anything, more
than-a small local demand, are used in their natural state, or

as they are found at the gurface. Ifwe can, by any means,

t
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‘bring this saturated brinie, before its dilution, to eur tanks, we
ean manufacture a bushel of . salt:from less than 25 gallors..

This is aftempted, and frequently with great success, by
‘boring down below the influence of surface water. The fresh
‘watter i8 kept from, flowing in, by tubmg, and the brine rises
-almost to the top of the well. '

PURITY OF - THE SALT

* “An item not to be overlooked in ponsidering’ the character
and value of the Kansas salt, is its relative purity. The an-
alysis of the salt from Osawatomie, made by Dr. C. T. Jack-

son, of Boston, is as follows, as contained in his letter:

. Bomn, June 28, 1862.
DEAR B1k: -] have made & chemi¢A} analysis of the swmple of salt sent me by
Mr. Chestnut, of Osawatomie, Kansas, and find it consists of—

Chloride of Sodium (pure salt).. T (¢ 4
Chloride of Magnesium (Murlateotnngnuin).‘..........; ............... 0°482
Chloride of Calcium (Muriate of Lime).........c.ccoeeiuienninerininna... '0.708
Ox1de Of TXOM. ....uvneivreeneessiinneeninensesnninnenns errecereras U * 0.560

"Sulphate of 8ods................. feuennas ereenerhaaiansenanss Leeerenenens 0.365

100.000
The saline spring is uncommonly strong, and with proper methods of manufac-
ture will give an abundance of excellent salt. I remain,
Your obedient servant, &c.,
CHAS. T. JACKSON,
State Assayer.

All of which is respectfully submitted,
N WM. CHESTXUT, President.

) Herry D. GILLETT, Vice-Pres’t.
A. GOVE, Secretary. o

N Jompax, z
ARLES G. Directors.
Hn:rlxmx
This gives about 2 per cent. only of impurities.
The analysis of the salf and brine from the.Tathill marsh,
made by Prof. C. F. Chandler, of the School of Mmes, Co-

lumbia College, N. Y., is as followr ------

. s Ry Bl

Chloride of BOMMIM ... ....coceeriviieneenneensienns...06.680 - 4.708 2;,861.20
‘oo 1,950 0578 848.23

.. 0.216 '0.157 ' 95.41

Chloride of Magnesinm. ............ieeeueenuueeunn..n.is 0300 - 0:381  140.89
Sand and CIAY....iooiviiniiii it iei e iaeaaens 0.050 0.010 0.61
WALEr ... e om -94.271 87;827.35

©100.000 99.900 60,778.10
Density of brine, 1.0421—6.18 Baume. o ’
Total saline matter in brine, 5.779. T

Chloride of Sodium per U. 8. gallon of 281 cubic inches 6.53 oz.
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This gives one bushel of solid matterto 110 gallons, or one
bushel of pure salt to 130 gallons of brine. The water wag
taken by me from & boring, within four feet of the surface.
The salt, I took from one of fifty kollow logs, in which it was
being made. The percentage of solid impurities is 2.55, and
contains no chloride of calcium. No attempt was made to
purify the salt, as the parties making it had no previous
knowledge of the business. The ordinary market salts of the
United States contain from two to six percentage of impuri-
ties; a larger portion being nearer the latter than the former
standard. ‘

By a recent]y patented method, a very superior ¢ medlcated
salt is manufactured at Onondaga, and sold at high prices,
under the name of factory jilled,” for table use and dairy pur-

Spnngs the analysxs : \
Chloride of Sodfum............ ettt eee e eens e 91,600
Sulphate of Lime (oomblned)....v ........................................... 1.124
Lo L 6 + - T 0.227
Sulphate of Magnesia.............ooiiiiiiiiiiiiiii 0.077
Carbonate of Lime.................. T 0.162
WRLET. .o oouniun i r e et b e 0.810
100.00

This gives but 1.60 per cent. of solid impurities. The cel-
ebrated “Steved Ashton salt,” of England, contains about the
"game quantity. " They are acknowledged to be the best salts
in the world, and are prepared with great care. It will be
seen that our unrefined salts are not far inferior.
We give below a statement of the lmpuntxes of vanous
commercial salts: .

Foreign. : ' Per cent.
Salz .. ettt teetiteeeeteeegeaesi e e aa e aeras preesiaaas 3.12
ChmmSallns, ance ....................................... 2.12

SeaBalt of B, MAIO.........cocuiiiii ittt et iiiiiieraaeeeeaas 4.00
“Common SCOttiBN’? . .. ... ...t re s aa, 6.45
ft. Ubes, best............... reeeeeerre e rans POt 2.86
R 2 QUAHLY. . ceemeneneeeeeeiiae e e eereaneeees FUTTUTRR 7.21

“  gd quality.................. e J O 11.04
_ Droitwich, BRGIADA. ..........ereeeaernitnerianaannnns [RRT w37

. Domestlo. . L A
,Ktnwhn, best of six snslynh ............................................... 1.85

iz poorest of six analysis. . ..

¢ average of six analysis.
Great Salt Lake, (G. H. Cook)....... : .
Onondags, BVETBEE. .....ocvririrniiins el el ‘) 5
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Salt Marsh, EKanems®.. ...l e, Y
Osawatomie, ¢ ........ B ittt eeiriere s et taietiraas s aasaaresans 2.08
ThiGde' who aré intetested in “the analysis of salt; will find
in this Néw Ameriéan (,yclopoedla, and in the-Annual Report. -
of theSuptrintehident of the’ Onotidaga:Salt- Spring,- states
ments of thit ingredients fotind-in-the silts of the principal -
sources of the srrpphes -of the-world: - The reader will' he:
struck tvith the remarkable purity of iall er nearly all.of the -
spécitnens examined. THi3 is o strongly appuent«that the:.:
conclusion s irrevxshble that they :are- choive selections, and-
not fair sumples of the ordmary commiéreial srticle sent 4o
market from the v arious placés named: - Thus, fourteért sam:-
ples of foreign * salt;’ from. Vie; Ftarice Ghes!me, ‘Ergland; -
(“fine cotmmion, i Brmsh bay, fighery, rock: salt; % oommeny”) -
from Holland, Angmlla, Clracao, ‘8t:: Kitts and 8t. Maxins,
are found to contain less than 1 peir cént. of impurities, and.
ten of- them having' no ‘¢hloride of calcium, and the othier
four onIy a trace. Oheshue “ extra rough common”" has but
1.48 per cent. puly And‘among- the: most impure-‘afe the
stoved salts, viz® Ashtdn’e 1171 yNoik’s, 8.07; and Gadeton's,.
1:89 per cent.” If such were the comrhon grticles from those
places, éind at the lowest prioes; would the stoved saltbe sent.

'~ outat hloh pricés, nth find réady sale as'a very saperior arti-:

cle? - Nii¢ hnalyses of - Ametican salt, from Pitteburg, Onon--
daga, Saltéille; Pai; Texds; Holton; Vi, are alsofund to con:.
tain less than 1 pei-cent. - And seven'sa.mples -froih Ononds-
ge are marked’ as less than’ 165 pér cent. - -If these were an -
average, or fair samples, wouldt it pay to refirie salt, by & chom-
icdl process, at several txrhestlh.e cost-of ‘the ardinary but bet-
ter article, as is* done in mahng the “facfory filled ¥ - Men
do not pay a-high ptice; when-they:can get a better'commod-
ity forless moriey. “We are therefore compelled to come.to-
the ‘conclusion ‘that- the cages quoted are to be considered as.
chofce selections, ahd 1ot average samples of commercial salt.
We are’satisfiedithat the ordinary article found ir the Kandas
nidrket seldom cohtaini less than 3 per centage of 1mpun'ties

*Tite ampany a4 Brownlqopmsy, Kausas, alsi it thvelr salp has bt 1 pes eat.
of impurities, but we do not think that statement reliable.

‘
‘
.
A ot %o
PRI LY
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STATISTIOS OF BALT.

The amount of salt oonapmed’ in qhe United States, in 1860,
was about: 80,000,000 . bushels, or nearly one bushel to every
inhghitent. A larger quantity per head was used at the
North than st the South, so. that our Western States consume
fully éniebushel to each individual. As civilization and the
arts increase, this per capita is found to increase in a larger
ratio. - Onehalf. of our national consumption is imported,
and, of the domestic product, New York furnishes nearly one-
half. During the four years from 1861 to ’64, inclusive, she
made, qn an average; 7,803,870 bushels per annum. New
York salt stands first in the market, which arises principally
from -its unjferm character, and this uniformity comes from
- the rigid system, of State inspection, which Michigan and other

States would de well te copy. ‘.

. -Michigan, stimulated by & bonus of ten cents per bushel-
commenced the salt manufacture by making 20,000 bushels
in 1860, which increased to 2,331,780 bushels; and in 1864
replaced New York salt in the port of Chicago glone to the
extent'of 1,700,000 bughels.. Very little salt is made west of
the States of Ohio and Michigan, and Kansas should not only
replace the salt from. those States, but also in the St. Louis
market. -We haye the natural supply, and the railroad facil
ities for doing:it. .The Unjon Pacific Railway will be com-
pleted to our salt territory as soon as the works can be built,
and then the Eastern. salts gshould be met half way in trans-
portation. The present consumption in Kansas is nearly
200,000 bushels per annum, saying nothing about the Denver
market, which receives its supply from the East. Missouri,
Iows, Kansas, and the adjoining territory, are estimated to
_ consume 2,500,000 bushels yearly, and the amount is rapidly
ineressing. . We can supply all this and more, and thus add
millions of wealth to our State. We predict that ere many
years Kansas will-become one of the first salt-producing States
in the Union. Our salt resources appear to be perfectly in-
exhaustible.

The abundant supply, ourdry climte, and the good market,
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offer an extra inducement for capitalists to develop this article
of daily and hourly consumption. '

For an easy and convenient method of ﬁndmg the strength
of brine, instruments are used called hydrometers and salome-
ters. The former, by Beaume, is in common use amongscien-
tificmen. ' By simply putting it in any.liquid, itshowsbya
tube graduated from 0 to 100 deg. the density, compared with
pure distilled water. By Beaume, saturated brine stands at
26 deg.*’ Thesalometer also takes pure water ap its standard
or 0 point, and pure saturated brine as 100 deg, Consequent-
ly, the instrument sinks from 0 to 100 deg., according as the

quantity of salt.approaches full strength. Thus, brine at 10
deg. by the salometer will give a bushel of salt. for every 256

gallons.

The following table, calculated for Beaume’b hydrometer,
the salometer, peroentuge of salt and specific gravity, we take
the liberty of copying from the Geologwal Survey. of Michi-
gan, (1861) by Winchell. It is at the same time scientific,
practical and rehable .

Ouupwomvuyormmbﬂm h 1. m or about gne-fifth part
Reavier than water. - ) .



o8 GBOLOGIPAL SURVEY.

TABLE,

Gwmgaomnpmonof diffrens aqpméiomfowheamngtﬁ
o Brindy froth 2w 10 saturation.

*From this table the properties and capabilities of any brine may be
asoertained by knowing its sirength as shown by the salometer. Suppose,
for instance, the salometer shows 53 degrees. The table shows at a glance
that this corresponds to 18.78 degrees of Beaume’s hydrometer, & specifia
gravity of 1.100, and a percentage of 18.62; while a wine pint of the
brine would furnish 1092 grains of solid residue, and 44.7 gallons would
‘produce & bushel.”

Trere
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This tabls is calculated for pure solutions’of salt. When
the strength of the brine is taken by the salometer, the per-
centage of impurities must be added. Thus, the instrument
in the brine at Tuthill’s marsh, stood at 23 deg., which gives
one bushel to 109 gallons; but, adding 17 per cent.’ for im-
purities, shows one bushel of pure salt to every 128 gallons,
nearly.






APPENDIX.

The following letter from O. B. Gunn, Esq,, who, as Chief
Engineer, made the first survey for the railroad in the Kan-
sas Valley, is valuable in showing the relative heights of
various places in the northeastern part of the State:

* Aromison, Kaxsas, Feb. 11, 1865.

Prof. B. F. Mudge—Dear Sir: Your favor came duly to hand. * * #
The rise from Wyandotte to Fort Riley is as follows, starting from low
water in the Missouri river at Wyandotte :

Wyandotte to.Lawrence, 39 milea, rise 62.022 feet ; average, 1.66 feet.

Lawrence to Topeka, 26 miles, rise 60.04 feet ;. average, 2.03 foet.

Topeka to Manhattan, 50 miles, rise 120.06 feet ; average 2.04 feet.

Manhattan to Fort Riley, 17 miles, rise 54.03 feet; averagedB.02 feet.

Total distance, 182 miles; total rise, 297.052 feet; average per mile
.2.250 feet.

The foregoing elevations are the surface of the water in each oase.
The distances are by railroad surveys, and are, probably, not more than
two-thirds of the distance which the water actually travels.

Starting from low water in the Missouri river at Atchison, the eleva-
tions are as follows:

‘Water in Grasshopper at Muscotah, 164 feet above the Missouri river.

Water in Big Blue at Irving, 317 feet above the Missouri river.

It is about 60 miles from Atchison to Wyandotte, by water. § Assuming
that the Missouri river falls one foot per mile, which is not far from the
mark, it brings the elevation of.Atchison, when reduced to the base of
the Wyandotte levels, to an elevation of 60 feet; Grasshopper at Musco-
tah, (same bage,) 224 feet; Big Blue at Irving, (same base,) 877 feet;
elevation of Big Blue at Manhattan, (same bage), 242.022; rise from
Manhattan to Irving, 134.078. * * * * * *

Yours truly, 0. B. GUNN.

The following élevations are from explorations and surveys

for a railroad route from the Mississippi river to the Pacific

Ocean—Vol. XI. They are barometrical measurements,
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taken at camps, and therefore are not so accurate as those
given by Mr. Gunn, but are sufficiently so as to "show the
total rise in crossing the State westerly, and to show the
gradual increase of height. The elevation of the camp above
the surface of water is not given. The mouth of the Kansas

is about 850 feet above the ocean.
Near Shawnee Mission, Johhson Co,, long. 94° 80 gbove sea, 991 feet.

Cedar Creek, near Olathe, - - - - - « « 1,047 feet.
Tecumseh, - - - - - - - s« 1284 feet.
Ten miles west of Fort Riley, - - - - ¢« 1,459 feet.
Mouth of Saline river, long. 97° 40/ - - s« 1,692 feet.
Mouth of Walnut creek, on Arkansas river, - 4« 1,872 feet.
Near Arkansas river, long. 99° 85/ - - « e 2,004 Teet.
Fort Atkinson;¥ long. 100° - . - - ¢ 4¢ 2 330 feot.
Santa Fe croseing of Arkassas,jlong. 100° 40/ -~ <« ¢ 2,437 fget.
Near Arkansas river, long. 101° 20/ -, - ¢ 2,692 feet.

Near Arkansas river, west line of State, long. 102° « ¢ 3,047 feet.

The result of all the elevations shows a rige for the first
hundred miles of a little over two feet to the mile. . For the
second and third hundred miles, about six” feet to "the -mile,
and for the last hundred miles, about- seven feét, or a ‘total
rise of 2,200 feet in 400 milés. This shows a very easy grade
for a raijoad route. Elevation of Fort Scott,} 1,000 feet;
elevation of Fort Leavenworth, 896 feet.

.#From reeords of the Foxt. .
{From the Fort records. | .

N



ERRATA.

Page 5, line 17, for “ northeastern,” read * northwestern.”
Page 30, lines 80 and 33, for “proxide,” read * peroxid.”






