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LETTER OF TRANSMITTAL.

OrricE OF THE GEOLOGICAL SURVEY,
JEFFERSON Crry, MISSOURI,
December 24, 1892.

To the President, Qovernor David R. Francis, and the members of the
~ Board of Managers of the Bureau of Geology and Mines:

(GENTLEMEN :

I have the honor to transmit, herewith, a Report on the Mineral
Waters of the State, by Prof. Paul Schweitzer, assistant geologist.

The investigation of: the mineral waters of the State was one of the
first subjects to engage the attention of the present Survey. Missouri,
although not in possession of many handsomely improved resorts whose
waters are of such wide reputation as to attract many visitors from
abroad, has yet a great number of mineral springs, many of them of
undoubted medicinal value, which are patronized by citizens of the
State. The majority of people are unable to avail themselves of the
cures of the well known but distant resorts, and, hence, have recourse
to what is provided at home. The investigation and the preparation
of this report were, hence, undertaken principally for the following
reasons: (1) To determine the composition and character of the waters
and their values as compared with other waters which have acknowl-
edged medicinal virtues. (2) To furnish an exact and full statement
of the results reached, particularly for the use of physicians. (3) To
supply certain suggestions for the guidance of the citizens of the State
in the use of these waters. (4) To make the fact of the existence of
these waters authoritatively and widely known with the object of inter-
esting others in developments and improvements at the different local-
ities.

As is stated in the preface following, the examination of the min
eral waters was first begun under direction of Mr. A. E. Woodward,
assistant geologist ; after the latter’s death it was continued and com-
pleted by Prof. Paul Schweitzer. The part thus contributed by Wood-
ward is well-nigh the only product of his professional career which can
stand as a memorial of his short but promising life. It is thought,
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therefore, that a short sketch of his life is appropriately introduced
here. '

Amos Erastus Woodward was appointed assistant geologist on the
Missouri Geological Survey in December, 1889, and reported in Jeffer-
son City early in January, 1890. The division of the Survey work
assigned him was chemistry and mineralogy, and, as included within
these subjects, he began at once an examination of the mineral waters
of the State. He was the son of Erastus Woodward and was born in
Charleston, Massachusetts, May 4, 1866. He subsequently moved to
Somerville, Massachusetts, where he attended school and ultimately
was graduated from the high school of that place. He entered the
Massachusetts Institute of Technology in September, 1884, and was
graduated from there in June, 1888, in the department of mining
engineering. While a student in Boston he gave much attention to the
geological side of his profession, and applied much of the spare time
of his college terms and of his summer vacations to visits of points of
interest in the vicinity. During the summer of 1888 he was attached,
as assistant geologist, to a field party of the U. S. Geological Sur-
vey under the charge of Mr. C. W. Hayes, and was engaged in map-
ping the sedimentary rocks of northern Georgia and Alabama. Later
he was assistant in the geological department of the Massachusetts
Institute of Technology. During the summer of 1889 he held the
position of chemist and assayer to one of the lead and silver smelt-
ing companies in Castle, Montana. It was soon after resigning this
position that Mr. Woodward accepted the appointment on the Mis-
souri Geological Survey. He continued with the Survey for a little
over a year, resigning the 1st of April, 1891, to accept the position of
chemist and metallurgist of the Cumberland Mining and Smelting Co.
at Castle, Montana, at a great advance in salary; shortly before he
was taken sick he was appointed superintendent of the reduction
plant. This position be held up to the time of his death.

Itis seldom that there is such unanimity of expression concerning the
character and promise of a man as in the case of Woodward. His
assistants and instructors in college, and his superior officers in the
various positions which he held after graduation unite in expressions of
esteem. ‘‘ His record as a student was one of the best.”” ¢‘I also
knew Mr. Woodward to be prompt, energetic and conscientious in

his work.”” ¢‘ He was my pupil at the Institute for three years, and a
better student or a finer fellow I have rarely if ever seen.”” ‘¢ All his
work was done in the most prompt and thorough manner.”” ¢‘I found

him an energetic worker and a careful, accurate, scientific observer.”’
““ Mr. Woodward was considered a most trustworthy and honorable
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man.”” These are quotations and extracts from some of the letters
written by different professors and employers with whom he was
associated,”and in these expressions the writer cordially joins.

On coming to the Geological Survey, Mr. Woodward plunged into
the work with all the ardor and energy natural to his temperament.
The Survey was just then being organized and the burden of work was
necessarily great upon all. In his department a laboratory had to be
practically designed and equipped. He took hold of this work with
great interest, providing all details with careful thought. He even
went so far as to purchase out of his own pocket expensive instruments
which were used by him in the interest of the Survey. During the
delay incidental to such preparation, work necessarily accumulated and,
after things were in working order, Mr. Woodward was at his desk or
in the laboratory at all hours. By eight in the dark winter mornings
his work would be started and often the midnight hour would find him
still at it; it was an enthusiasm born of true love for his work. It was
necessary, in order that too serious delay might not arise, that field
work should be prosecuted during the winter of 1890, and several
weeks were spent by Woodward in the field despite the inclement
weather. After this, office and laboratory work were again pushed with
the same ardor. The atmosphere of a laboratory is at no time condu-
cive to the best of health and when to this is added overwork and a
long continued spell of such a sedentary occupation, the effect upon
one’s constitution can readily be imagined.

During the late autumn of 1890 and the winter of 1891 evidence
of nervous exhaustion was noticeable in the case of Woodward. It is
true that he lightened his work considerably during that time, and,
had he not been subjected to additional physical and mental strain, he
would probably have soon regained his natural vigor. The new work
which he took up, however, necessitated an entire change of climate ;
he removed to a high altitude, which is, in itself, injurious to some con-
stitutions and, in addition, he was subjected to the mental strain of
organizing and starting new work. About three weeks before his
death he was taken down with mountain fever and was obliged to take
to his bed. His sickness at first manifested only the usual symptoms
that accompany this lingering illness; but gradually he got weaker
and weaker under it. In previous years he had received medical
treatment for heart trouble. This same derangement began again to
reveal itself as his body grew weaker from the effects of this prolonged
fever. Daring the last few days, to all appearances, the fever was
beginning to leave him, but the new bodily trouble was increasing in
its virulence. The attack of this second malady was more than his
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impaired strength could stand, and on September 18, 1891, shortly
after noon, he quietly and peacefully passed away.

An incident which adds especial pathos to the circumstance of his
death was the fact of his betrotbal at the time to a young lady living in
California. The day of his death was the day fixed for her to leave
her home to be married in Helena, Montana. A dispatch announcing
his death on that very day prevented the journey. We seek in vain to
understand the purpose of this sudden ending. Sadly we recognize that
in place of the fine shaft which this promising life might have reared
for itself as a monument, we can only direct attention to this rough
hewn and half completed column.

At the time of his resignation, Mr. Woodward’s work covered buf
about half of the State. Part of his results had been published in
Bulletins 1 and 3 of the Survey; but much remained unpublished and
unwritten. Many of his notes were merely in note book form or were
roughly written out on sheets of paper. Most of the samples of water
collected by him, however, had been analyzed and the results calcu-
lated out. In the following report those descriptions which have been
derived from Woodward’s notes have been credited to him by Prof.
Schweitzer by the addition of the initial (W.), and similarly with
regard to the analyses. The photographs for almost all of the illustra-
tions in this report were taken by Mr. Woodward during his trips into
the field.

With this fragmentary material Prof. Schweitzer began his work and
expanded it rapidly. The subject was, however, not a new one to
him. During the many years that he has held the position of professor
of chemistry at the State University he has had submitted to him for
examination mineral waters from all parts of the State. He has thus
had opportunity to become thoroughly familiar with all the different
waters, and has been led to give the subject much thought and study.
The nccessary field work to supplement what had been done by Mr.
Woodward, was conducted by Mr. J. D. Robertson during the summer
of 1891. He visited a large number of localities in ‘the central and
southern portions of the State, made the necessary descriptive notes
and collected most of the samples for analysis. He is duly credited
with this work in the following report by addition of the initial (R.)
after the heading of an analysis or description made by him. The
analytical work on these samples was conducted by Prof. Schweitzer
and, in addition, all of the results of Mr. Woodward’s analyses were
recalculated by the former. The plan of the following volume and
the arrangement of the matter is almost entirely Prof. Schweitzer’s
and to him is due the credit of it. He is also the exclusive author of
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the three chapters of Part I. The vast amount of labor involved
in all this analytical work and in the calculation of the results can only
be imagined by one who has had experience in such work. I person-
ally feel -grateful to Prof. Schweitzer for the manner in which he has
done this work, as well as for the readiness with which he has accepted
suggestions and agreed to modifications, which seemed necessary from
time to time.

The plates of this volume constitute a very prominent feature. They
have been liberally introduced not so much, if at all, for their scientific
value, as in order to convey a clear, graphic idea of the location and
improvements of the various springs, facts which have much weight in
determining the future of any resort.

For assistance in prosecuting this work the Survey is indebted to
many citizens of the State, the names of all of whom space will not
permit us to include; among these, however, we wish particularly to
mention Mr. Leslie Marmaduke, of Sweet Springs ; Mr. Henry Strother,
of Marshall; Dr. J. H. Britts, of Clinton; Mr. T. O. Stump, of
Monegaw; Mr. E. T. Keim, of Kansas City; Mr. F. C. Frost, of
Plattsburg ; Judge E. H. Norton, of Platte City; Capt. John Halstead,
of West Plains; Mr. John Clark, of Warsaw; Mr. L. F. Jones, of
Cagsville ; Mr. Kim. Winston and J. Mr. G. Martin, of Nevada.

The printing of this report, as well as of the preceding Vol. 1I, on
the iron ores of the State, was done by the Nixon-Jones Printing Co.
of St. Louis. The creditable manner in which they have done the
work speaks for itself ; but when it is understood that these two reports
were both set up, printed and bound almost entirely within the period
of a little over a month, the result is truly remarkable. With this un-
avoidable haste it was, however, impossible to prevent some imperfec-
tions creeping in and some mistakes escaping detection. To this cause
must be attributed, in a large degree, such errors as may he observed,
either in the facts stated or in the literary character of the report.

Very respectfully submitted,

ARrRTHUR WINSLOW,
State Geologist.






PREFACE.

It is proper to make certain statements in regard to the preparation
of this report. Designed originally by the head of the Geological Sur-
vey and partly executed by its subordinate officers, it fell to the writer
first to extend and complete the chemical work and later, after the
untimely death of Mr. Woodward, to gather together the threads run-
ning through field notes and memoranda and weave them into a whole.

To prepare a REPORT ON THE MINERAL WATERS OF THE STATE, that
would call attention to their variety and value without seeming a mere
advertisement ; that would give reliable information concerning their
character ‘without being too concise or too technical; that would be
useful and acceptable to the people without giving up its scientific pur-
pose of adding to our knowledge of the geologic history of the State,
was the problem to be solved. No similar work existed to guide aim
or execution and, while the subjects of science are doubtless not
antagonistic to the demands of utility, yet each is pursued in so differ-
ent a manner as to render equal justice a matter of exceeding difficulty.

In how far the task has been accomplished, how successfully scien-
tific accuracy has been made to go side by side with practical usefulness,
must be left to the decision of others.

May the work, which has been largely a labor of love, prove serv-
iceable to the people and at least suggestive to the medical profession.

P. SCcHWEITZER.

(xi)
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THE MINERAL WATERS OF MISSOURI.

BY PAUL SCHWEITZER.

CHAPTER 1.
THE ORIGIN OF MINERAL WATERS.

Introductory Remarks. — Muriatic and Alkaline Waters. — Sulphatic and Chalybeate
Waters. — Sulphur Waters.

INTRODUCTORY REMARKS.

Definition of Mineral Water. The term ¢¢ mineral’’ is usu-
ally applied to any natural inorganic body having a definite
chemical composition. In this sense water itself is a mineral
and to speak of a ¢ mineral water ’’ a tautology were it not that
the term has, by common consent, assumed a very restricted
meaning. According to this a mineral water is not a water that
holds mineral matter in solution, for none but the purest distilled , . ==
waters are free from this ; but a water, either natural or artificial, b b
that possesses medicinal virtues. As these virtues depend in
most cases upon the presence within the water of certain chem-
ical constituents, those waters which contain these are called
mineral waters.
The constituents of mineral waters areplainly derived from the
body of the earth itself, either by a simple process of solution or
by solution preceded or accompanied by chemical action. In, .
discussing, then, the origin of mineral waters, the inquiry may from thesoil.
advantageously follow these separate leads and begin with the
simplest, that of mere solution.
The Process of Formation. All atmospheric waters descend-
ing upon our globe, hasten to lower levels. They either form on
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its surface the various streams, creeks and rivers or penetrate to
a greater or less depth the outer shell of the earth, whence they
issue to he eventually reunited in the all-embracing ocean.
During this passage the solvent power of the water is active and,
in proportion as it meets readily soluble substances, becomes
charged with them, to be called, as the case may be, a soft or a
hard water, a water surcharged with mineral matter or a mineral
water proper. All such come from the interior of the earth,
though, not all, having this origin, are called mineral waters.
Some one or more constituents with a distinct and noticeably
curative effect upon the human body in ailment are required to
give them this character; and, just as these constituents form
the basis of the classification adopted, they likewise prove a
guide in the present discussion. Muriatic and alkaline waters
are the products of a simple process of solution; sulphatic and
chalybeate, as also sulphur waters, those of a process of chemical
action and solution combined. The former remove from the
rocks, through which they force their way, what is ready formed
and soluble, the latter are witnesses or agents in producing what
they afterwards retain.

MURIATIC AND ALKALINE WATERS.

The muriatic waters, as detailed elsewhere, are solutions of
mineral matter, that at one time was a portion of an ancient
ocean ; as this had changed during geologic times through evap-
oration, heat or mutual interchunge of constituents, so the
muriatic waters of to-day are varied and represent in their com-
positions the various conditions of these fossil oceans ; quality of
mineral matter, therefore, is what interests the geologist; quan-
tity, is what constitutes its commercial or therapeutic value.
This vast inland ocean, covering the interior of the north Amer-
ican continent for thousands of square miles, became encroached
upon by the land forming to the east and west and north, with
islands rising here and there out of its waters, until it was forced
back to its present site. During such uprisings of the lands
many small portions of the sea were cut off permanently or for
a time to leave their mineral contents behind as witnesses of
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their former existence. These minerals are reached to-day by
the percolating waters and re-appear once more in the form of
springs or artesian wells, or when near enough to the surface,
as licks or seeps such as are represented abundantly in Mis-
souri.

Sulpluretted Hydrogen, its Occurrence and Source. There is
one constituent, however, of these brines that requires special
mention; hardly any one of them is entirely free from it, and S A
yet its presence has not been deemed of sufficient importance to Bee
disturb either the classification followed or the present discus- hydrogen.
sion ; this is sulphuretted hydrogen, a gas contained in the mu-
riatic waters of Missouri, in quantities all the way from a trace
to a little more than a tenth of a grain per gallon. This latter
quantity (more accurately 0.1549 grains) represents about eight
cubic inches of the gas per gallon, or one cubic inch per pint.
Muriatic waters from other States and from Europe contain,
likewise, rarely more, while a number of alkaline waters with 100
grains or less of mineral matter to the gallon contain five and
six, and sometimes ten times as much of this sulphur compound.
It seems plain, then, that muriatic waters with 400 to 2,000
grains of saline constituents, and, at the best, only two tenths of
a grain of sulphuretted hydrogen, must owe their therapeutic
virtues chiefiy to the former, while alkaline waters with only 50
to 150 grains of mineral matter and one to two grains of sul-
phuretted hydrogen owe theirs in all probability mainly to the
latter. The two, therefore, belong to different classes of mineral
waters and not to different groups of the same class, a view still
further supported by the fact that the muriatic waters contain
the hydrogen sulphide free, simply dissolved in the water and
easily volatilized, so that when they are taken internally and have
to be diluted on account of their strength, the sulphuretted
hydrogen can scarcely be of any medicinal value. The alkaline
waters on the other hand contain it in part at least, in combina-
tion and it is, therefore, more lasting and certainly much more
effective therapeutically.

The origin of the gas in the two cases is probably also differ-

. : e By i - Plesie Sulphuretted

ent; in some instances it is certainly so. The muriatic waters hydrogen pro-

. 4 v : ; 4 ) duced by reduc-
receive it as the simple result of the action of organic matter in tion.
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the presence of carbonic acid upon calcium sulphate ;1 it is acei-
dental, as it were, and therefore variable, as is shown by careful
analyses made at different times of the waters of the same spring.
In the alkaline waters volecanic action (heat) is more offen the
effective cause. Steam and metallic sulphides, often doubtless in
the presence of carbonaceous matters, act upon each other under
great pressure and with much energy. As a result of such
action gases are evolved, one of which is hydrogen sulphide,
which escape and are usually taken as the evidence of distinctly
voleanic action. But it is plain that wherever such active forces
are at play to-day they are merely the after tossings of the
tremendous activities of former ages. No ocean or lagoon could
exist for any length of time over an open volcanic hearth.
The water would either conquer and close up the voleanic vents,
rendering perhaps other and more distant openings necessary ;
or would be subdued, and by the rising of a crater-like orifice
above its surface be crowded further and further back. In
neither case could sulphuretted hydrogen, thus generated, find
salt waters to impregnate; but, before escaping, the gas might
easily meet waters in levels higher than those of the present
saline deposits, which would absorb it, and in proportion to
their distance from the seat of voleanic action, the waters would
appear in the form of hot or cold sulphur springs. Such springs
are usually alkaline and not represented in Missouri; the two
typical sulphur waters described later derive their sulphuretted
hydrogen like the brines from reduced sulphates.

The Alkaline waters of Missouri furnish a second class of
waters, purely the result of solution, though some such waters
in other parts of the world may have a different origin. Their
sources areshallow, generally in the immediately underlying lime-
stones and sandstones, and in proportion as the latter are pure
and contain but little soluble matter, these waters often con-
stitute, from their absence of deleterious organic substances,
admirable types of domestic potable waters. Their normal

1 This action is so well established that in bottling waters containing much
carbonic acid and calcium sulphate great care must be exercised not to let
fibers of straw or similar organic matters get into the bottles, since in such
case sulphuretted hydrogen would be sure to make its appearance.
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constituents are 10 to 20 grains of calcium carbonate with some
sodium and magnesium carbonates and a little lithia and sodium
chloride. Such waters are sometimes obtained by drilling to a
greater or less depth, as is illustrated by various artesian wells
in the western part of our State.

SULPHATIC AND CHALYBEATE WATERS.

The sulphatic and chalybeate waters originate otherwise,
resulting generally from recent chemical decomposition. The
extent of this decomposition, depending upon the quantity of
water, the porosily of rock and other factors, determines
naturally the strength of such mineral waters. This may vary
in different seasons, and is influenced by rainfall, which explains
what might otherwise seem mysterious in the different analyses
of the same water.

Epsom and Glauber’s Salls Springs. Dolomitic limestones
and limestones containing gypsum produce the Epsom and Glaub-
er’s salts springs ; magnesium sulphate and calcium carbonate
result from their interaction, the former of which is very soluble
and constitutes the main ingredient of the Epsom salts springs or
wells. Such waters are nearly all obtained from wells or shafts,
sometimes only ten or twenty feet deep; they contain in addition
variable amounts of other sulphates but rarely chlorides or car-
bonates. If the limestones above mentioned are associated with
marls rich in alkalies, or with other rocks containing alkaline
carbonates or silicates, the conditions are given for the formation
of Glauber’s salt springs; these may be alkaline or neutral, as
sodium carbonate or magnesian sulphate happen to be in excess.
They are usually of a more varied composition than arve the
Epsom salts waters. In this way doubtless originated the water
of the B. B. spring in Pike county and of the Lineville mineral
well in Mercer county.

Sulphatic Waters Containing Iron and Alumina. Still
different is the manner of formation of members of the third
group of the sulphatic waters, viz., those that contain variable
yet considerable quantities of aluminium and iron sulphates.
In these cases oxidation precedes decomposition (metathesis)

Epsom salts
springs in dug
wells.
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and coincides, in a measure, with the process which evolves the
waters of the third group of Chalybeates. The primary seat of
production of all these waters are beds of pyritiferous shale so
numerously represented in our State. These shales contain finely
disseminated pyrite and carbonaceous matter, with clay and
sometimes calcium carbonate consolidated into a solid and fine
grained mass. Such shales are prone to change in the presence
of oxygen and moisture, giving rise then to the formation of
ferrous sulphate, and often to free sulphuric acid, which in turn
acts upon the finely divided clay, thereby exchanging a portion
of the iron for alumina and magnesia.

A similar change occurs with many of the coals themselves,
which are often highly charged with pyrite and other mineral
matter distributed through their mass in seams, sometimes visi-
ble and sometimes not. The Carboniferous age that gaverise to
these coals, had, in the interior of our continent, replaced the
salt water ocean by vast stretches of low land through which
mighty rivers forged their way to thesea. Luxuriant vegetation
throve under the rays of a fervid sun. This was submerged from
time to time, wholly or in part, by inundations, of which to-day
yet furnishes illustrations, covering the vegetable matter with a
layer of clay, repeated at intervals, till a catastrophy changed the
course of events and started another era. Many of the coals
thus formed contain from 30 to 40 per cent. of ash, a considera-
ble portion of which is oxide of iron. This latter could at no
time have been a constituent of plants ; it existed then as it does
now in the reddish colored clays, which yield it readily to acids.
The first change in the formation of coal was the reduction in
the presence of water and organic matter, of the sulphates
naturally contained by all plants to sulphides ; these, in return,
reacted upon the iron in the clay and produced the variously
constituted pyrites which now undergo oxidation again and are
the real source of that class of mineral waters referred to.!

1 In proof of the facts stated, the results of an investigation, made a number
of years agn and published in the Catalogue for 1875 of the University of the
State of Missouri, are here recapitulated; the details may be examined in the
original paper.
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COMPOSITION OF SUBSTANCES OPERATED UPON.

ASH OF COAL. CLAY. LIMESTONE.
Per cent. Per cent. Per cent.

Silicas. .. N B e D RO O R S i 14.3438 77.7061 0.3149
EerleMDTIden K i e B Sy 75.8962 3.0772 0.1013
Manganic Oxide..... oa sdlo 5 s Ta Bera e s mie aiate e 0.9901 0.2314 ceeees
ATUTINE s o »'oe wloiasle o reteralia i barenara TN 7.4578 10.2891 0.0946
Lime..qeeees P T S e B S e eleixte < 103980 0.3788 55.3006
Magnesia.... ...... ST R e oo 0.3881 0.2722 0.4000
Potassa..... T B S VR ot e s el e g 007605 =5 v Sawaals
DoAY < oviors Mo smET Ransne seis SR S e Adgerrys 5 1.5250 0.0025
PhoSphorIC PentoXide: vie e sonaosvsinsysse 0.1404 0.0214 0.0021
Sulphur  THORIAC s« o+ s el riasmmaeisaos 0.7126 Wi s e & TR AASE
Carhon THOXIAES shns st rs e ile stis s cwes o omsnam 0.6426 43.4505
VAL Tt e o) SRR T LR B N U P e e S
Chlorine s el T T el e re e ae el 0.0037

Rotalcs oodsis RO T A 100.3270 100.4051 99.6702

The coal itself, in addition to the ash constituents given, contained much sul-
phur in the form of sulphides, sulphuric acid and free sulphur.

On washing the coal with small quantities of water at a time and permitting
oxidation in the intervals a solution was obtained which contained the follow-
ing substances in grains per gallon:

SOLUTION FROM WASHING COAL.

S ORN LS T S o nd R R e S o TS . 0.4258 grains per gallon.
AT A% S ol e DT S W A s tata w S cuoT et T b e 8.3996 ¢ LD
Ferric Oxide......... R 1 olelatals’s S T 55.0412 ¢ ¢
Ferrous Oxide:.cccceveeecass T i I 169.:5829 «  ¢* £
Tl 0% 5.0nreio's " 84 vale v alen ik, widien dlseleienls ML o 3 il 189 Tds L=k &
Magnesia.......... S ias i uiula o ten mimie e ewie /st a e o ulls . 0.8374 ¢« £
Sulphur Trioxide...ceeseeeena. S S AR e s 322.9250 ¢¢ v
SDOTAL 250 s sl a ot sraaiviels o ek Ao slee s o .. 576.0093 grains.

United as follows:

T o T S R o D A D T o o 0.4258 grains. .
Aluminium Sulphate........... s e s e v Sl el 28.1634 ¢
Ferric Sulphate......... o1 eteiata ke s e e e erota ot «eses 137.6081 ¢
Ferrous Sulphate...... T e e Ty s 358.0083 ¢«
BTG [T 0T S0 i e A e e e P e 45.6508 ¢
Magnesium Sulphate...ceeeceeeiiannnes oo bialwnieae 2.5122 . ¢«
Sulphur Trioxide (free).........c....... atele oee 8.6457 ¢
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On treating this liquid with clay and limestone separately, for two days, and
then filtering off the solution and subjecting it to analysis the results calcu-

lated again in grains per gallon were as follows: —

SOLUTION AFTER TREATMENT WITH CLAY.

Silea svos v AL yestate s e R A RO o N (e e A A e 9.9459
A T N A e S0 s ok oot n oM w9 s Hovars wayio Dot PR PR S e e R [ U
HeET L ClORIACIN S oo e iyt e riic.e: » by e din S e rare Shel SlarE s s Vs 0.4375
Ferrous Oxide..... Oy A A R O b o T S . 114.6422
ARG oo et loeTeinis kO P et e ) SR B S A 44.1522
Magnesia...cooceicene ay sedves W e e el S g 13.8826
T T M (553 5 N Uit b on G s B R S o o A 269.8486
Total.. «ese L S S M o W I e B DA e N T IO S 468.1499
United as follows:
] LT R R e R RN 9.9459
Aluminium Sulphate..csve eoevsseises a7 htaseres 76 et s roratiaN s RNz o 50,7587
Ferric Bulphate v s v siamemans i LA S S e R 1.0937
FOrrOUS BUIPDIALE « o0/0 0% 5 sintel s siansisisiv) i visoibtas srstassrans o sieis baisutsornrs DAL 2 2
Caleium Sulphate ..o vive ool vessicinose e sinmasnnevinlyswsaesse 107.2268
Magnesitim SULPHALE - cleteisc ot wainis e oiniots ot et his o liiels siats slommins 41.6478
Sulphur Trioxide (free).........cceevveiiiiniainiinnne... 15.4595
Patallsa iz s S P S ISP ISP 468.1499
SOLUTION AFTER TREATMENT WITH: LIMESTONE.
SHichs e st Ao WEAE oS R R e 1.8372
AN 28 ¢ e o s sl ctupiets T e S o B 7.5249
Ferric OXide..cscecons coce soasvanisesseesnomonnsonssioonasse wsues Ao
Terrans DXIAe s < siehei velsryslsrityrsa s sale e ST oA el v 127.0401
TATNG o b0 s s v el sesmin oonin 1816 A NI O ) LS e e o O 78.7202
Magnesia......... Creenasenasiones e S R . 1.4292
Sulphur Trioxide..... b B G S S P R R R O 240.1490
Totale. oo o vuenns Ayl e s gl inu gt dhn 456.7066
Carbon DIoXTde . v eve s el santaiti v Gater s el LA AT o s s e e SR 37.2492
439.9558
United as follows:

IR T /e ats sel e uis s'm e dMsotel bt e fala wiarn Vo atmta)s. wiueieh o RBNE Sia' E oo 1.8372
Aluminium Sulphate------ APCRT s R TIRR y e, FE "W s e o Bl BT S T
Ferrbus SulBhee o ol S e e s T e S R - 203.8689
Calcium Sulphate.............. S e S A 191.1776
Magnesium Sulphate ...oceeveavaniaiioionns et onsns vsoe s 4.2876
Ferrous Bicarbonate......... e R A R A e s e e 67.7258

by e S S K e e S T b T s e oo W 439.9558

grains
‘e
113
13
‘e
‘¢

grains.

grains.
13

grains.

grains.
(43

grains.
43

grains.

grains.
“

114
3
€

113

grains.

Bach of these solutions represents a fluid closely resembling a mineral
water, and the last, by continued treatment, alternately perhaps with clay,

will counterfeit the third group of Chalybeate waters to perfection.
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Different, however, is the genesis of the first and second groups
of chalybeate waters, as defined in a subsequent chapter of this
report ; the complete absence of calcium sulphate, not to men- Pure chalybeate
tion other constituents, utterly precludes their connection with pesied with coal
coals or shales. The waters of the first group, holding but very
small quantities of mineral matter in solution, take their origin
in sandstones, as do the waters in Cedar county, which are so
remarkable alike for their large percentages of hicarbonate of
iron and for their comparative freedom from other salts. These
sandstones, forming often beds of considerable thickness, are
porous, and organic matter reaches them continuously in the
percolating waters. It is this organic matter which reduces their
ferric and manganic oxides to forms which are subsequently dis-
solved as bicarbonates and, accompanied by minute quantities of
alkaline and earthy salts, give rise to waters, that in the classi-
fication have been termed pure chalybeate waters. The second
group of these waters carries a greater amount of saline matter,
simply caused by a longer flow before issue through impure lime-
stone beds often associated with sandstones, or by a direct
generation of the waters in the ferruginous limestones them-
selves. Many of the chalybeate springs within the State furnish
examples of this mode of formation, which will plainly appear in
studying the geology of the counties in which they occur.

SULPHUR WATERS.

The sulphur waters, as already indicated, are alkaline and con-
tain, besides free sulphuretted hydrogen gas, sulphides or sulphy-
drates and in some instances even thiosulphates. These latter
are, doubtless, generated by oxidation of the former and are
with a high degree of probability present in all waters, which T lon phates b
exhibit a perceptible discharge of gas. This gas, bubbling up oxidation.
through the water at irregular but short intervals, or even in a
continuous stream, consists by no means exclusively of sulphu-
retted hydrogen ; mingled with it, and oftenin very considerable Gaiiol i
quantities, are carbon dioxide, nitrogen, oxygen and sometimes waters.
corburetted hydrogen readily recognized by its inflammability.
The first three gases point plainly to a more or less close con-
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nection of the water with atmospheric air and oxygen, thereby
rendering the process of oxidation spoken of readily com-
prehensible.

When strongly alkaline such waters possess but a feeble odor,
as all their hydrogen sulphide is in combination and often, in
fact, increase the intensity of their odor by standing on account
of the gradual decomposition through contact with air of their
sulphides and sulphydrates. ’

As to the origin of the gas much might be said in speculation ;
many sulphur springs are thermal in their character, and those
found in mountain districts greatly outnumber the ones in the
plains. Exhalations of hydrogen sulphide together with sulphur
and carbon dioxides characterize the regions of many and per-
haps all active volcanoes; steam and metallic sulphides decom-
pose each other readily with production of sulphuretted hydro-
gen gas. What, then, would be more inviting than to ascribe to
all sulphur springs a volcanic origin! Heat from the bowels of
the earth, whatever its cause, obeys promptly our imagination
and enters into action; yet while such connection must, per-
haps, be conceded in many cases there are others that demand a
different explanation. The one most applicable in such is the
reduction under pressure of the sulphates of the alkaline earths
by organic matter and the subsequent decomposition of the sul-
phides, thus formed, by carbonic acid. Even then it seems diffi-
cult to deal without heat,® though pressure may take its place
and effect all that heat would. In this manner ave probably gen-
erated the two sulphur waters, so far come to our notice, as also
the hydrogen sulphide of many of the brines within the borders
of the State.

1T, Sterry Hunt, Chemical and Geological Essays, 1875, page 99.
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CHAPTER II.

THE ANALYSIS AND COMPOSITION OF MINERAL
WATERS.

Introductory Remarks.— The Collection of Samples, —The Analytic Work and the Calcu-
lation of Results.— The Unit Used for the Expression of Results.— The Classification
of Mineral Waters.

INTRODUCTORY REMARKS.

The determination of the composition of the mineral matter
held by a mineral water in solution might seem to be a com-
paratively easy matter. The methods for separating and deter-
mining silica, oxide of iron and alumina, lime, magnesia, alkalies,
sulphuric, muriatic and carbonic acids are known in every detail
and are quite exact in their results. Yet the experienced
chemist holds the analysis of a mineral water a problem of no
mean difficulty, partly on account of the relatively small quantity
of solids dissolved, and partly on account of the necessity of bring-
ing to bear upon each operation much knowledge and judgment in
order to obtain results that can be relied upon. If, in addition,
lithia, baryta or strontia, bromine, fluorine and phosphoric acid
are to be looked for and brought into weighable forms, the
difficulties are much increased, as every chemist who has given
attention to the subject will concede. Yet, while skill and
experience are necessary for a correct solution of the problem,
it is not impossible to solve it, as is witnessed by the large
number of analyses of mineral waters whose correctness is
supported by indisputable evidence.

Therapeutic Information Necessary. The mere determina-
tion of the constituents enumerated is, however, not enough ;
it is only the first step in ascertaining the character of a mineral
water; for, while a knowledge of the amount of silica, lime,
magnesia and other bodies in a water might satisfy chemist and
geologist, it does not alone answer the main question for which

Analyzing a min-
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cult.
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mineral waters are analyzed at all. This question is the effect
of such waters upon the human system; and though, in the first
place, the proximate constituents searched for would, in a
measure, account for these effects, the analysis of mineral waters,
to-day, is made for the purpose of learning the probable effects
which it will exert upon the system. In other words, the ques-
tion is a medical rather than a geological one, and to answer it
intellicibly to expert and layman the information derived from
analysis must be put in a different form.

Popular Superstitions. It is true another question approaches
us at the start, and that is whether the therapeutic effects of a
mineral water may be inferred at all from a knowledge of the
chemical composition and physiological properties of its com-
ponents. Much has been said and written on this point, which
was clouded, down to comparatively recent times, by a more or
less openly avowed belief in a vital force, the existence of a
mysterious power, active and present in all the operations of
organic nature, a subtle spirit, potent but alike intangible as it
was incomprehensible to reasoning intelligence. Remnants of
this mischievous faith appear yet in many of the circulars printed
and distributed by the owners and operators of mineral water
resorts, and they find a fruitful soil in the minds of multitudes,
still living under the influence of the inherited superstitions of
long gone-by centuries, when disease was thought to be a separate
individual existence, a real Spiritus morbi, in the bodies of man
and beast.

To predict the effects of a mineral water from a knowledge of
the properties of its components, is éntirely possible, though not
universally easy. Man’s constitution, idiosyncrasies, physical
and psychical inheritances, as well as the effects of his environ-
ment and life ave so infinitely varied, that broad knowledge, long
experience and ripe judgment alone will enable the medical
practitioner to safely venture an opinion. To furnish the facts
which make such opinion possible is the duty of the chemist,
and the data which he furnishes form the most secure basis
attainable.

Proximate Constituents. The substances mentioned above by
name, merely give an idea of the ultimate composition of the fixed
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residue of a mineral water. Oxides and anhydrides, it is
true, appear in the schedule of analysis, not elements; yet they
really represent only quantities of silicon, calcium, potassium,
sulphur as sulphydride or as sulphate and nothing more, and
some chemists indeed, tabulate their results in this manner.
This, as already stated, suffices sometimes from a chemical point
of view, but is entirely inadequate to reveal the medicinal char-
acter of the water ; it would be like attempting to represent the
nature of granite or gneiss by percentages of their ultimate con-
stituents. Something more is demanded and is offered by most
chemists in a table of calculated proximate eonstituents, which is
usually introduced by the statement that the wultimate constitu-
ents, or the substances actually determined in a mineral water,
are supposed to be united in the manner indicated, a statement
which plainly seems to involve an element of uncertainty.

The reason for thus guardedly expressing an opinion is not
far to seek ; two soluble salts like magnesium sulphate and cal-
cinm chloride or sodium chloride may be mixed without ap-
parently reacting on each other after dissolving; does the solu-
tion, however, yet contain the two substances we dissolved, or
have buases and acids apportioned themselves differently, is a
ather difficult question to answer. We know that by heating
~such «a solution to boiling, or by cooling it below freezing,
calcium sulphate on the one hand and sodium sulphate on
the other are obtainable. We also know that the ¢¢ law of maxi-
mum work *’ demands, in all probability, an altered arrangement
of the constituents. Yet the latter law has so far received no
exact expression, because certain factors, bearing upon it, are
insufficiently known. When thoroughly known they will prob-
ably affirm the rule, now assumed, that, all things being equal,
the strongest base goes to the strongest acid. The practical value
of this latter and commonly adopted rule for calculating results
is so plain as not to be lightly given up for a mere conformity
with a theory, when the latter itself is yet somewhat uncertain.

These introductory remarks are deemed in place here on account
of the importance attached to the best ways of recording analyses
of mineral waters, and of classifying the latter by some scientific
system. It now remains to give the necessary information re-
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garding the work done in preparation for this report, so that
the product may receive fair and correct judgment.

THE COLLECTION OF SAMPLES.

For most of the waters examined one gallon was considered
sufficient for analysis: this permitted the determination of
carbon dioxide, sulphur trioxide, chlorine, silica, alumina, oxide
of iron, lime, magnesia, potash aud soda ; if, besides, manganese
was desired, another gallon of water was taken. For rarer sub-
stances, eight gallons at least were required. The bottles for
holding the water were of half-gallon capacity, with common,
or, better still, wine corks, driven into their necks with a ¢¢ cork
driver.”” They were packed, six in a box, and safely trans-
ported to their destination.

In taking the samples from a well a gallon or two of the water
was pumped or drawn up and the bottles first throughly washed
with it; they were then filled as rapidly as possible, corked and
labeled; from a spring, the rubbish from its mouth was removed
and the water caught directly into the bottles, when that could
be done, and, in every case, the water taken was watched to be
clear and free from floating particles; whenever this condition
was not directly attainable, the water was quickly filtered through
a folded filter of good paper. ;

The tests at the spring or well were few in number; lead
paper for recognizing the presence of free hydrogen sulphide,
blue and red litmus paper for ascertaining the reaction of the
water, a good thermometer for taking its temperature and that
of the air were deemed sufficient ¢¢ apparatus > for this investiga-
tion. In addition, however, the flow of water was measured as
accurately as circumstances permitted, and any points of interest
or information that might subsequently prove of value, were
noted down. The waters thus sampled and packed were sent to
Jefferson City or Columbia for analysis.

THE ANALYTIC WORK AND THE CALCULATION OF RESULTS.

Outline of Method of Analysis pursued. Ttisnot considered
necessary to give here details of the analytic operations per-
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formed in the course of the work. These are found in any of
the books that treat of the analysis of mineral waters and are
supposed to be known. A few statements will explain what
seems to be in need of explanation. Silica, ferric and aluminic
oxides, lime and magnesia were determined in the same sample
of water (400 to 1000 c. c.). The silica was, in every case,
tested as to its purity, by volatilizing it with H Fl, and the Determination of
onstituents.

residue, if insignificant, was neglected, or, if weighable, tested
for sulphates by fusing it with sodium carbonate in a plat-
inum dish, and accounting for it in the proper manner. In this
way the barium sulphate reported in some waters in the Appendix
was found. Oxides of iron and alumina were usually, and cal-
cium oxalate was always, precipitated a second time; and
magnesia, where it appeared necessary. was concentrated by
evaporation and freed from oxalates and other salts of ammonia
by ignition before precipitation. Iron, phosphoric acid, sul-
phuric acid and chlorine were determined each in a separate
sample of water; chlorine volumetrically, and gravimetrically
when present in sufficient quantity, as were likewise the other
three bodies.

Alkalies (sodium and potassium ) were determined in 200 c. ¢. to
1000 c. c. of water as chlorides, after considerable manipulation,
and potash, when present, invariably as the double platinum salt.

Sulphuretted hydrogen and the total amount of ecarbon
dioxide in these waters was rarely determined, as the requisite
attention and preparation, in addition to the great task already
set, could not be given to it. Further, it hardly promised a
sufficient reward for the time, thought and care that would have
been required to properly execute this work.

It might here be in place to say, that the salts of lithia, which
appear in several analyses made by the author in the appendix,
demanded in every case considerable quantities of water. Proof
of their presence can now so easily be had, that the statement is
ventured, that but few mineral waters within the State are devoid Fresenee °flithia-
-of lithia; it is a constituent of most of the limestones found
here and is readily detected by the spectroscope in a solution,
prepared by pouring small quantities of water at intervals over
roughly pulverized lime rock.
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Given then the ultimate composition of the fixed residue of a
mineral water and accepting the principle that the strongest bases
combine with the strongest acids, the question of finding the real
composition of the mineral matter, held in solution, is not yeta
simple one. Other considerations in the chemist’s mind affect
the calculation of the results and deserve consideration here.

Silica (Si0,). Silica is a never failing constituent of every min-
eral water and is usually reported as such andnot in combination.
The hydrous silicates, which the percolating waters encounter in
their passage through the rocks, are attacked, decomposed, dis-
solved, and as a result of the combined action of water, carbonic
acid, oxygen — not to mention the presence, in many instances,
of organic or inorganic acids — a small quantity of colloidal silica
remains in solution; not mere usually than from a fraction to
one or Lwo grains per gallon. Is the water alkaline, the case
may be different; a larger amount of silica in conjunction with
considerable sodium of potassium carbonate justifies the assump-
tion of combination ; care must, however, be exercised in making
sure that the silica is pure, free from sulphates of the alkaline
earths that are apt to contaminate it, and that the water really
contains carbonated alkalies. No neutral, or acid reacting water,
not even a water containing but mere traces of alkaline carbon-
ates, can be supposed to carry sodium or potassium silicate.
Almost any limestone yields, on washing with water, a filtrate,
which contains slight amounts of silica, sodium carbonate and
sodium chloride, besides the ever present carbon dioxide, yet
not in the proportion in which the two former might be expected
to appear as the result of a dissolved silicate, for silica is the
larger constituent of the two in solution. It is probable there-
fore, that waters containing silicates are rare and are found,
perhaps, only among the hot springs of this and other countries.

Alkaline Chlorides. These constituents are derived in every
mstance from deposits of ancient seas, or from fresh water
deposits, that retained minute quantities of these substances,
which only under very exceptional conditions are entirely ab-
sent from telluric waters. Chlorine is, therefore, united to the
alkaline metals even when sulphates are present, and only in
cases where its quantity is insufficient for the amount of these
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alkaline metals present do either sulphates or carbonates appear
in the calculated results. This conclusion in all probability is
correct, even considering the relative strength of the two acids;
an addition of magnesium or calcium sulphate to a solution of
common salt involves at the ordinary temperatures of our atmos-
phere and earth no change or division. For similar reasons,
lithia whenever occurring in a water of neutral reaction, is cal-
culated, as chloride or sulphate rather than as carbonate, even
when it may seem more natural to assume it to have existed as
carbonate in the rocks (<. e. limestones).

Chlorides of the Alkaline Earths. These compounds are
calculated first, as magnesium and then as calcium chlorides ; for,
though calcium hydrate deprives the former readily of its acid,
and proves thereby, apparvently, the reverse order as prefer-
able, the presence of even so feeble an acid as carbonic acid,
not only arrests, but reverses this action.

Sulphates. Sulphates, as already indicated, appear in the
form of alkaline sulphates only when there is not enough chlo-
rine present to neutralize the alkaline metals. More sulphuric
acid goes to combine with magnesium and calcium in the
order mentioned. Two cases may occur, the one in which
calcium and magnesium is found with a less amount of sul-
phuric acid than will satisfy both, plus carbonic acid; the
other similar to the first, excepting that the carbonate is replaced
by chloride. The first conforms to the experimental result;
calcium sulphate in solution decomposes magnesium carbonate
and converts it and itself into magnesium sulphate and calcium
carbonate; the second is less plain, for while moderately con-
centrated solutions of magnesium sulphate and calcium chloride
would certainly react upon each other, more or highly dilute
solutions, such as mineral waters are, retain larger amounts of
calcium in solution than is possible through the solubility of
calcium sulphate alone, a fact which probably weighs in favor of
the view entertained.

Other sulphates, in addition to those mentioned, could exist in
a water only when, after providing alkalies and alkaline earths,
sulphuric acid remains over. This occurs in some springs within
the borders of the State, whose origin is traced to the oxidizing
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effect of atmospheric agencies upon béds of shale or pyritiferous
coals. In such cases both alumina and iron occur as sulphates,
and when, even then, a surplus of sulphuric acid is left over, it
becomes a matter of importance to know exactly the state of
oxidation of the iron. If allis inthe form of ferrous oxide, then
sulphuric acid exists free ; if more or less ferric oxide be present,
then all the acid may be in combination. A glance at the third
group of sulphatic waters in Chapter VII, as also at some waters
in the Appendix, will illustrate the point, and it suffices here
to say, that the existence of so large an amount of sulphuric
acid as well as of ferric oxide is easily accounted for by the man-
ner in which these waters originate. If the amount of alumina is
small, it may not be worth while to calculate it as sulphate, but
report it simply as dissolved (colloidal) alumina.

Ferrous Carbonate or Sulphate. These bodies in a water
may offer a problem of increased difficulty to the conscientious
chemist. Two cases may arise and the one is as simple as the
other is complicated ; if the iron on standing is completely pre-
cipitated from the water as ferric oxide, which, to be sure, in
some cases takes a week, the conclusion is justified that it must
have existed as a carbonate only. This will be the case in all
so called pure chalybeate waters, that is those whose total guan-
tity of mineral matter is small, and at the same time free from
calcium sulphate. Boiling in an open vessel for half an hour
accomplished the result quicker, and may be substituted for it as
a perfectly reliable test for recognizing such waters ; but to war-
rant the conclusion, attention should be paid to the fact, that the
whole of the iron must have been precipitated so that none
remain in solution, for partial precipitation, as is well known
occurs also in the case of waters that carry the iron as sulphate.
In the presence of considerable quantities of calcium sulphate the
writer, in his experience, has often met with what, at the time,
seemed puzzling and divergent results. A number of experi-
ments were, therefore, undertaken to settle, if possible, the
question at issue, and are here communicated. They lead, as
will be seen, to the conclusion, that, when a water contains
caleium sulphate, calcium carbonate being present or not, the
iron which it may contain exists partly as carbonate and partly
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as sulphate, and is not wholly precipitated from such water by
either standing or boiling.

On the State of Combination in which Iron Exists in Chalybeate Waters.
(Substance of a paper written in 1875.)

In calculating the results of an analysis of a chalybeate water many diffi-
culties are met with in the grouping of the bases and acids; this is especially
the case when sulphates and chlorides of the alkaline earths are present, for
then the question naturally comes up whether or no a part of the iron does not
exist as sulphate or chloride. In all analy<es so far come to my notice,
sulphate of lime was a never failing constituent, and my experiments,
I believe, fully prove its incompatibility w th carbonate of iron; a partial
decomposition takes place, by which sulphate of iron and carbonate of
lime are produced and the latter is precipitated, unless excess of carbonic acid
and high pressure prevent it. No matter whether carbonate of iron in solution be
brought into contact with sulphate of lime, or carbonate of lime be brought into
contact with sulphate of iron, the result is always the same; the iron is divided
between the carbonic and sulphuric acids, one-fourth of it uniting with the
former and three-fourths with the latter. If chemists generally have calculated
the iron as carbonate, whenever boiling or removal of carbonic acid by an air
pump produced a precipitate, they have lostsight of the fact that only a portion
of the iron is thus precipitated, while the larger part remains in solution; and
this conversion or division of acids, of which I have spoken, takes place, not
in consequence of elevated temperature, but at the moment of mixture.

A solution of ten grammes of green vitriol was placed in a bottle of three
litres capacity, and lime water added until turmeric paper turned slightly
brown, and a filtered part of the solution gave no precipitate with ammonia.
The bottle was by this time nearly filled with liquid, which held a greenish,
quickly subsiding precipitate of hydrated protoxide of iron in suspension; the
whole was shaken up and carbonic acid was passed through for an hour, when
most of the precipitaied iron had redissolved. The clear limpid and colorless

solution was then filtered off from the slight remaining precipitate and
analyzed. It contained:

GRAMMES IN THE LITRE.
3.7948 gr. Sulphur Trioxide.
2.7942 gr, Ferrous Oxide.
1.0252 gr. Lime.

7.6142 gr.

In precipitating sulphate of iron with lime-water, gypsum is formed, which
remains for some time dissolved in the liquid in larger quantity than is found
to be the case, by experimeniing upon the solid substance with distilled water.
Carbonic acid does not affect the solubility, as proved by J. Davy, so that we
may take all sulphuric acid found to have existed originally in combination with
.ime, as sulphate of lime or gypsum. This would require 2 6564 gr. of lime,
while there are present only 1.0252 gr.; the difference, equal to 1.6312 gr. of
lime, must have been precipitated, and can only have been precipitated as



20 THE MINERAL WATERS OF MISSOURI.

carbonate of lime. To precipitate however 1.6312 gr. of lime from its solution
as sulphate would require 2.0972 gr. of protoxide of iron in the state of car-
bonate, and as all the iron present must have been originally carbonate, the
difference, equal to 0.6970 gr. of FeO, must still exist as such in the solution.
There might perhaps be an objection raised to carbonate of lime being precipi-
tated in the presence of carbonic acid, while carbonate of iron is held in solu-
tion; but the former yields up its carbonic acid much more readily than the
latter, as I found by placing both of them side by side under a bell jar, with
caustic potash and potash and pyrogallic acid. Carbonate of lime separated
completely in a few days; carbonate of iron had formed only a slight precipitate
after a month, and yielded by boiling a copious precipitate of oxide.
The composition of the solution then was:

2.0972 FeO as Sulphate of Iron.
0.6970 FeO as Carbonate of Iron.
1.0252 Ca( as Sulphate of Lime.

3.8194

The proportion between the iron as sulphate to that as carbonate is exactly
as 3:1; we might therefore expect that under the same or similar conditions
one-fourth of the iron present would be precipitated by boiling. The experi-
ment was made at the time with a portion of the same liquid, which was boiled
three successive times, the precipitate being filtered off each time, dissolved in
acid and reprecipitated and weighed. The second and third precipitate con-
tained, or were altogether, basic salt, as sulphuric acid was found in them in
larger proportion than was required for the lime that was mixed with them.

Per cent.
First precipitate.c.cceeccaeceann. i Y S eeess.0.7058 FeO = 25.26
Second precipitate..... PR A R S A ey 0.1613FeQ =" 5,77
Third precipitatess stvs . ciiesivemmmasswverss w0079t FeQ = 2,85
Remained in solution........c.ooeens iz satie ot 1.8474 FeO = 67.12
2.7942 100.00

Another experiment was made by putting aside a part of the solution and
filtering off the precipitate which had formed after the lapse of a month, and
boiling then the filtrate:

Per cent.
Precipitated by stanading....se.eve vocsvenne eoesse0.0.7438 FeO = 26.62
Precipitated by boiling..... b S O s 0.1795 FeO = 6.42
Remained in solution...cccoiceeveecces o S +00-+1.8709 FeO = 66.96
2.7942 100.00

The results of these experiments, it seems to me, prove satisfactorily my
proposition; namely, that carbonate of iron is decomposed by sulphate of lime;
the reverse, however, is equally true and equally supported by facts. ‘Car-
bonic acid gas was passed through lime water, which was kept cool by placing
the bottle in snow, until much of the precipitate, which had formed at first, was
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redissolved. The fluid was then filtered, and with proper precaution — that is,
exclusion of air — mixed with a small quantity of sulphate of protoxide of iron.
The solution remained clear and colorless. - It contained, by analysis, 1.4816 gr.
of FeO to the litre. A portion of it was boiled, whereby a precipitate formed,
which was filtered off and analyzed; it was perfectly free from sulphuric acid,
proving the absence of all basic salt, and amounted to —

Per cent.
Precipitated .......... Sagesemes cevssssnnesss0.3397 gr. FeO = 23.93
Ih Aolation: iovosssvataws sam 3 e T e 1.1419 gr. FeO = 76.07
1.4816 gr. 100.00

It seems to me, then, that in calculating the results of an analysis of a chaly-
beate water, containing much gypsum, one-fourth of the iron present should
only be counted as carbonate, and the rest as sulphate.

In calculating, then, the iron in a mineral water, the character
of the latter should, in all cases, be ascertained, in order to repre-
sent truly its condition in the water; ferrous carbonate alone
exists in all pure and saline chalybeate waters (first and second
groups); ferrous carbonate and sulphate exists in all semi-chaly-

beate waters (third group) and ferrous sulphate, either alone or Ferrous suiphate

mixed with ferric sulphate, exists in all vitriolic waters (third
group of sulphatic waters). If the calculations in the third
group of chalybeate waters has not been made in correspondence
with these ideas, it was because the inherent difficulties led to the
acceptance of a departure from this rule by chemists generally,
when expressing the results for every-day use.

Carbonates of Alkalies and of Alkaline Earth. These com-
pounds are represented in the composition of a mineral water
whenever a sufficiency of chlorine and of sulphuric acid is
lacking ; but not only this, since carbonates of the alkaline earths
are insoluble, they must all appear as bicarbonates, in which
condition they exist in all waters without the least doubt or
uncertainty. Such representation is perfectly justifiable even
when no complete determination of carbon dioxide has been
made, since the amount of the latter exceeds in all cases that
needed for the purpose of combination.

The question of calculation may then be dismissed with the
following schematic arrangement showing the order and manner
in which the various constituents of mineral waters have been
combined :

besides ferrous
carbonate in
semi-chalybeate
waters.
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SCHEDULE FOR CALCULATING PROXIMATE CONSTITUENTS.

1. Si02. (or silicate). 7 Ch: Clg: 12. Ca SO4.

2. Al; Os. (or sulphate). 8. Liz S04. 13. Fe SO4.

3. Li CL 9. Nas SO4. 14, Feg 3804,

4. NaCl. 10. K2 SO4. 15. Al 3S04. .

5. KCl 11. Mg SOs. 16. Fe Hz 2 COs.*

6. Mg Cl. 17. Other bicarbonates.

THE UNIT USED FOR THE EXPRESSION OF RESULTS.

Units in Use. In expressing the results of the analysis of a
mineral water much diversity of opinion prevails; grammes in
a litre ; parts in 1,000 or 100,000; grains in a pint or gallon
are alike used for the purpose. This difference is, however,
generally deplored ; in fact to such an extent has the desire for
uniformity made itself manifest, that the question has been
taken up by the American Association for the Advancement of
Science, but withoutl, so far, meeting with a generally satisfac-
tory solution. Grains per gallon in the United States and
England, grammes per litre in France and parts per 1,000 or
100,000 in Germany are probably the preferred standards.

Controlling Principles. Which standard to select, depends
altogether upon the view we take of the object of such an analysis.
If it be simply to furnish a basis for the investigations of chem-
ists or geologists regarding the chemical affinities of certain sub-
stances, or the manner, extent and origin of their solution, then
grammes per litre or parts in 1,000 would probably be the most
serviceable expression. It might almost seem superfluous to point
out the difference existing between the two, if it was not for the
fact that the writer, in looking over a considerable number of

* This symbol, though doubtless expressing the present views of chemists
on the structure of chemical compounds, is open to objections. No bicar-
bonates of iron or of the alkaline earths have ever been obtained in solid form
and, if existing at all, must be very unstable. It may be questioned, therefore,
whether such bodies really exist, or whether they are not merely carbonates
dissolved in carbonic acid; just as sulphates, even barium sulphate, dissolve in
concentrated sulphuric acid. Besides, it is desirable to indicate in a chemical
analysis of a mineral water the individual as well as the total amounts of min-
eral matter in solution, aside from any water, that may be in combination or
not. I would suggest the use of the symbol: M COz. COz or Mz CO3 COz as
may be required, as advantageous; it eliminates the water; it suggests the solu-

tion of insoluble carbonates; it distinguishes combined from semi-combined
carbonic acid.
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analyses of mineral waters in which parts per 1,000 and grains
per gallon are given simultaneously, has found this difference to
have been lost sight of. Grammes per litre would be parts per Gximmes perliure
1,000 only when the litre of mineral water weighed just 1,000 %%
grammes, which can, of course, never happen. Thereisthen no
way of connecting parts per 1,000 with grammes per litre, unless
the specific gravity of the water is known. This determination
is often neglected, partly because it must be made at the springs
before any of the gases have escaped, and partly, also, because
it is considered of little importance. The expressions above
criticised were evidently founded upon a determination of
grammes per litre; from this was calculated grains per gallon
and, by a salfus, grammes per litre became parts per 1,000.

If the analysis, however, has a different object viz.: to enable
the physician and educated layman to form an opinion, not
alone of the character of the water, but of its strength —a
kind of estimate of the quantity of active substance in
a dose —then, for this country at least, grains per gallon™hisisa ot of
or per pint is a comprehensible, and, in every way, prac- "%
tical mode of expression, that especially in a report, largely
designed for the use of intelligent citizens, should be adopted
and retained. In recognition, however, of the desire of easily
comparing the waters here investigated, with those of foreign
countries, grammes per litre of the immediate constituents and
the specific gravity is recorded side by side with the old and yet
vital standard of grains per gallon.

THE CLASSIFICATION OF MINERAL WATERS.

The Need of Classification. As, in describing the unit of
expression for recording the results of analvses of mineral
waters, concessions were made to the side of utility, so likewise ., roation
must the cluims of utility have a voice in the selection of a mistconsider
proper classification. That a classification, —¢¢a systematic ,
arrangement of the facts or phenomena,”” — of the different
waters is desirable goes without saying. A central thought,
binding the individual members into groups and the groups into

classes, and these again into a whole is not only evidence of
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comprehensive knowledge, but also a light by which additional
knowledge becomes attainable. Philosophy, therefore, as well
as convenience, demands thought, system and arrangement.
Obstacles to Classification. Yet, it is plain that nature her-
self is a unit, a succession, an evolution without division, which
means breaks, and that any classification must of necessity be
i artificial, a means to an end rather than the end itself. And
what should this end be? An attempt at illustrating the geologic
history of our earth, whose strata are broken through in every
conceivable direction by telluric waters, that in part reach again
to light and offer in their dissolved substances, a key which
invites to use. Certainly, no mean or undesirable object. But
the mineral waters are as varied as the earth’s crust. The
chemist has ascertained their compositions by the thousands as
the physicist their temperatures and pressures, and yet new
combinations appear with almost every new mineral water that
is analyzed, that call for adjustment, alteration or improvement
Mineralwaters  of the plan. Never, indeed, can we hope to reach that ideal
i success in our efforts to read nature (that perfection in our
arrangement or classification, which properly locates and firmly
connects every link in a chain of evidence), which results in
perfect light where before there was darkness, in absolute cer-
tainty, where before was error. The futility of ultimate ideal
success is, however, no argument against making the attempt at
a useful compromise; a lofty ideal must be kept in mind and,
if a true one, will encompass any plan, whose object is an
orderly yet serviceable arrangement of facts. The discernment
of unity in diversity is alone meritorious and will bear fruit.
Guiding Principles. In this report no classification of the
mineral waters of the world is attempted, simply because Mis-
souri does not possess types of all the waters found on our
globe, a fact which justly restricts and simplifies our plans, as it
has simplified and restricted our labors.

The utilitarian side of the proposed classifications is manifest
in the direction of enlightening the masses rather than the few,

A clasgification to . . . e Wiy o A .
be of use. for in that lies the very idea of utilitarianism’: light for the
many; knowledge comprehensible as it should be applicable,
and applicable in enabling men to form a judgment as to the
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realization of hopes from the use of mineral waters upon the
basis of statements, such as a report addressed to them as well
as to the men of science may naturally be expected to furnish.

I have not attempted, here, to criticise the classifications of
others ; all, as it appears to me, possess merits and rest to a cer-
tain extent at least, upon a knowledge of the uses and effects
of mineral waters upon the human body. These effects are re-
ferable to certain substances held in solution, and, when pre-
dominant, can be named without thereby either asserting or
denying a modification in these effects by the presence of other
bodies associated and dissolved with them. The names of
classes then, in which the mineral waters are placed, are conno-
tative and tell their own story; each class is subdivided into
groups as may be necessary or desirable, the whole representing
a plain, practical,and, as is thought, a scientific arrangement. By
a slight addition, this classification could be made so complete as
to embrace all mineral waters, including those not as yet repre-
sented in the State of Missouri.

SCHEDULE OF CLASSIFICATION.

CLASS I. MURIATIC WATERS.

Waters containing, as their main constituents, sodium chloride or com-
mon salt.

a. First Group.
Waters containing, besides sodium chloride, also calcium chloride, mag-
nesium chloride, calcium sulphate (magnesium sulphate absent).
b. Second Group.
Waters containing besides sodium chloride, also magnesium’ chloride,
calcium sulphate (calcium chloride absent).
c. Third Group.
Waters containing besides sodium chloride, also magnesium sulphate,
calcium sulphate (calcium chloride and magnesium chloride absent).

CLASS II. ALKALINE WATERS.
Waters containing sodium carbonate or magnesium carbonate.

a. First Group.
Waters containing sodium carbonate with or without magnesium
carbonate.
b. Second Group.
Waters containing magnesium carbonate only.
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CLASS III. SULPHATIC WATERS.
Waters containing one or more sulphates as their main constituent.
a. First Group.
' Waters containing sodium sulphate or Glauber’s salt.
b. Second Group. ’
Waters containing magnesium sulphate or Epsom salts.

c. Third Group.
Waters containing ferrous sulphate, ferric sulphate, aluminum sulphate,
either singly or together.

CLASS IV. CHALYBEATE WATERS.

Waters containing as their most efficient constituent some ferrous car-
bonate. f

a. First Group.
(Pure Chalybeate waters.) Waters containing ferrous carbonate, mag-
nesium carbonate, sodium carbonate (magnesium sulphate and calcium
sulphate absent).

b. Second Group.
(Saline Chalybeate waters.) Waters containing ferrous carbonate mag -
nesium carbonate, magnesium sulphate (sodium carbonate and calcium
sulphate absent).

c. Third Group.
(Semi-Chalybeate waters.) Waters containing ferrous .carbonate, mag-
nesinm carbonate, magnesium sulphate, calcium sulphate. (This latter, as
explained previously, involves the existence of ferrous sulphate.)

CLASS V. SULPHUR WATERS.

This class might naturally be divided into three groups: waters contain-
ing sulphides only; waters containing sulphides and sulphydrates, and
waters containing: free sulphydric acid, sulphides and other thio-com-
pounds. Since no determination of sulphur in this direction was at-
tempted, the two waters, subsequently mentioned, are not grouped but
simply placed within the class.
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CHAPTER III.

THE THERAPEUTICS OF MINERAL WATERS.

The general uses of Ordinary Waters. —The use of Mineral Waters.

To enter here into a complete discussion of the medicinal value
of mineral waters can neither be expected nor will it be attempted.
Some general statements, however, seem not only desirable but Geriszal state:
appropriate, especially since the effects of mineral waters upon attempted.
the human organism are more accurately observed and better
comprehended by most people, than are those of any other
medicinal agent. Yet in this, as in other popular conceptions
which should be based upon an understanding of cause and effect,
dissuasion and encouragement, denial and assent, are linked
together.

THE GENERAL USES OF ORDINARY WATERS.

Bathing and Drinking. Bathing and drinking are the two
forms in which mineral waters may affect our system ; but not
only mineral waters, even the common potable waters of our
homes will, under proper conditions, produce a marked effect
which it may be well enough to recall and to understand. We
usually bathe for purposes of cleanliness, and, as cleanliness is
next to godliness, the habit should be encouraged, extended and puehs o necessity
practiced; physical well-being precedes moral and mental well- :;,’0_1;‘; i gy
being and cannot prevail for any length of time where the habit of A
bathing is neglected. We evaporate daily an average of 20 to
30 ounces of water, with various saline and gaseous matters in
solution from our skin; this is effected by a system of pores,
distributed over the whole of our body, whose number is esti-
mated at 7,000,000 and their combined length at 28 miles. A
part of the solids, consisting of salts with mucus-like and
epithelial matter remain behind and will, in time, effectually
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prevent the very important normal action of the skin as a purifier
of the system, unless attention be paid to keeping the pores open
E;%g‘;,r;ﬂgg;leémm and free. So far, then, bathing is nothing but an act of domestic
hygiene and, though practiced for thousands of years by all
nations that have left their impress upon the development of
mankind, its close connection and agreement with the modern
spirit of medicine is only in these latter days observed and
: _appreciated. To prevent disease is the higher and nobler
To prevent dis- T e E o
ease rather than mission of medicine, and a graver and more important politico-
slonof medi-  gconomic factor to a nation than to cure it, is well expressed by
the inscription over some old baths, ¢¢ in balneis salus,”’ and might
be inseribed with propriety over every public and private bath-
house to-day.

Hot and Cold Baths. A special medicinal function of the
bath is to act by hot or cold water —in distinction to the
temperate water used in ordinary bathing — upon the system;
hot water to induce more abundant secretion through the skin,
as well as to induce absorption of medicinal agents, held in solu-
tion ; cold water to produce a shock with its subsequent salutary
reaction ; the former is temporarily weakening, though its final
effects may result and often do result in the cure of diseases that
through long standing have become chronic, difficult of treat-
ment, well-nigh incurable and a burden to the person afflicted
with them. Such cures, as a matter of course, take time and,
like every truly medicinal measure, should be under the direct
charge of an expert physician. The latter needsexplanation as to
the meaning of ¢¢ shock.”” Our body is furnished on the outside
with a net-work of capillary blood vessels, the distention or
contraction of which induces a greater or smaller flow of blood
Vaso-motor &y8-  through them; redness and paleness of the skin are respectively

the visible signs of such conditions, which at the same time is
accompanied by a greater or smaller transpiration of liquid, the
perspiration of the body, and the sensation of more or less heat.
A system of nerves, the vaso-motor system, regulates the disten-
tion or contraction of the capillaries and a sudden partial or
complete immersion in cold water causes these nerves to make
the capillaries to contract. Such contraction may extend to the
inner organs of the body, producing spasms accompanied by

Effects of baths.
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difficulty of breathing, the whole of which is called a shock. The
immediate effect of such shock is a greater effort of the heart,
stronger contractions, a fuller pulse which sends the blood to all
parts of the body ; this continues some time after the reaction
sets in, by which the capillaries are nearly as much more extended
as they had previously been contracted. As there is now less
resistance to the flow of blood through the fine ramification of
the arterial system, an actnally greater quantity of blood passes Reaction upon
through all parts of our body, including the brain. This pro-
duces a greater vitality, a feeling of increased strength, courage,
joyousness and mental power, which, though in itself desirable,
may further, by its powerful psychic reaction upon the body,
result in permanent improvement to the whole system.
Digestive Action of Pure Water. In a similar manner, the
beneficent action of water, even when free from medicinal agents,
becomes apparent through the digestive tract. In such cases
large quantities of hot (not warm) water result in increased
activity of heart, lungs, skin and kidneys. This latter organ ypoie proa-
performs a most important function, which is to remove from }gEmore
the blood all those deleterious bodies, which naturally occur in it
as the result of vital processes, besides those — mostly mineral
substances — that have found their way into the circulation in a
purely mechanical manner. An increased quantity of water,
then, must stimulate the action of the kidneys, because blood
possesses a normal degree of concentration, below or above
which it can deviate but slightly, and such dilution increases its
volume and at the same time its intra-arterial pressure. This
stimulation, this greater activity of one organ, involves, however,
in every case, better nutrition, and better nutrition means better
and more blood for all the organs of the body, improvement, if
not cure, of ¢¢old troubles,”” better health and greater strength
and endurance.
Influence of Surroundings. Thus it appears that water alone
when properly administered, is a powerful agent for the restor-
ation of health ; more so yet, a mineral water, especially when sl
used in conjunction with an enjoyable change of place and diet,
two most important factors in its action.
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¢ Cure vacuus hunc adeas locum
ut morborum vacuus abire queas?”’

was the inscription above the baths of Antoninus at Rome:
¢ Come to this place free from care that you may leave it free
from disease.”” The psychic agency in the cure of disease is
powertul and in no instance to be neglected; change of place, of
surroundings, if possible of climate; a diet different from the
one we have been accustomed to, though it may not be better;
cheerful companions, exhilarating and reasonable recreations will
often do wonders. Aided by the proper use of mineral waters
a ‘¢ cure,’” then is as pleasant in many instances as it is effect-
ive and to be recommended to and preferred by the afflicted
to the pills and lotions, which to be sure must sometimes be
swallowed, but which as a domestic remedy receive altogether
more attention than they deserve. '

THE USE OF MINERAL WATERS.

The Manner of Drinking. As to the manuer of drinking a
mineral water, much depends on time, circumstances and indi-
viduality. Quantity, it must be borne in mind, is an important
factor, but a just measure of moderation is here likewise neces-
sary. The time-honored custom of rising early and taking before
breakfast one to four glasses of the water, amounting to not more
than a quart in all, is to be recommended. The water should be
taken slowly, glass by glass, allowing an interval of a few
minutes between the first and second and between the third and
fourth glasses, and from ten to twenty minutes between the
second and third ; this latter interval should be passed in walk-
ing and a walk of a halfmile or a mile at the end is recommended.
In the case of the stronger mineral waters this morning potion is
sufficient and is preferable totaking the water at any other time of
the day. Chalybeate and other less potent waters may be taken
differently and in larger quantity. The time which experience
has set for a ¢ cure > with these latter waters, under ordinary
conditions, should be reckoned at not less than four weeks; a
shortening of this period by a greater daily consumption of
water is unwise and sometimes even dangerous.
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After this general statement the different classes of mineral
waters may be passed in brief review as to their medicinal virtues,
confining our remarks, however, to such observations only as will
admit of easy and of general application.

1. Muriatic Waters. The use of muriatic waters, of which
ocean water is perhaps the best known type, for purposes of
bathing is as old as our race. The effect in general has already e laien I st
been sufficiently described, and is heightened by the powerful =
blow of the surf, wherever this is obtainable or called for; feeble
constitutions neither desire or bear this well, however, and require
still-water bathing, which is provided under about similar con-
ditions to the ocean bath, by a number of watering places of the
State. Several of these possess brines of the denxity of ocean
waters—about 2,000 grains of mineral matter to the gallon —and
are often near springs of different character, by which their use-
fulness is extended. The composition of the brines differ as a
rule, from that of sea water. This is an advantage, rather than
otherwise, when they, at the same time, are to be used for drink-
ing. Only the feebler of these brines, however, are adapted for
this latter purpose, andshould be thus used with caution or after
consultation with a physician. The bath, either alone or aided
by the internal use of waters in diluted form, is invigorating, Need of prevent

i ng chill when

increases the action of the skin and becomes by absorption of bathing.
some of the constituents a genuine tonic ; scarcely any one using
it will fail to derive benefit from it, provided only attention be
paid to securing the proper reaction, so that the chill, incident to
the bath, give place to warmth and glow of the skin. This, of
course, requires a proper regulation of the length of time one
should remain in the water, which may vary from 5 to 20
minutes, the simple rule being to leave the water before the
second chill supervenes. ;

The temperature of the water for invalids should be between
85° F. and 90° F., and its strength between 900 to 1,800 grains
of mineral matter per gallon. In fact, the former provides
already a very acceptable salt water bath, with its usual con-
comitants of a sensation of moistness of the skin after rulbing
it completely dry and a feeling of itching and burning, produced e
by adherence of the saline matter to the skin and its introduc-
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tion into the pores. When the water is to be taken inter-
nally, it should invariably be taken in the morning in small
quantity and, where necessary, diluted. It thus stimulates
the mucous membranes, increases the flow of digestive fluids,
aids the metamorphosis of albuminoid tissue, and, while ap-
parently tending to reduce the body weight, increases the
appetite. The resultant more perfect nutrition induces a
general restorative action of the body, giving it better color,
better blood, greater vigor and improved health. Though
tempted to indicate the diseases which might be expected to be
benefited by the muriatic and other waters to be here described,
it is thought best to leave this to the members of the medical
profession who are better able to perform this very important
duty.

2. Alkaline Waters. The alkaline waters of Missouri are, in
a measure, different from those of other States and of Europe;
the abundant supply of gaseous carbonic acid which character-
izes these latter to such advantage, is here reduced to a moderate,
but yet perceptible quantity. If the cause which, in many of
the foreign springs, is assigned to explain the presence of this
gas, 4. e., connection with present or past volcanic action — be
true, the relatively small amount in Missouri waters is the
necessary consequence of their different origin. The percentage
of mineral matter in them conforms, however, to that in similar
waters elsewhere, being small and permitting many of them to
be placed in the list of potable or domestic waters. Only a few
are truly dietetic and still fewer really medicinal. These latter
contain alkaline chlorides, sulphates, salts of magnesium and
often lithia.

The alkaline waters, on direct contact or taken internally
exert a marked effect upon all mucous membranes. Secretions
are increased, rendered more fluid and, in the case of the respir-
atory passages, easier to raise; their use, therefore, is indicated
in catarrh, either recent or chronic, provided only there remain
a certain degree of irritation. It extends further to inflammation
of all mucous membranes in general ; catarrh of the stomach,
intestines, especially when accompanied by chronic diarrheea, and
that form of dyspepsia which is connected with an excess of acid
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in the digestive tract. In all such cases a greater quantity of
water than has previously been mentioned, must be consumed,
thereby, at the same time, increasing the activity of the skin
and kidneys; sight must not be lost of the fact, however, that
long continued and large doses of alkaline water may impair
digestion and exert a deleterious effect upon the blood
corpuscles.

Lymph, bloed and all secretions of mucous membranes contain
sodium. carbonate or bicarbonate as a never failing constituent.
Without further theorizing as to its function, suffice it to state
that it aids oxidation, and much of it in the blood may induce so;?xﬁusmoﬁﬂgﬁgﬁw
such rapid metamorphosis as to produce anmmia, for which rea- g
son the medicinal use of alkaline water has often to be followed
by that of a chalybeate. As to effects and results of bathing
nothing need be added to the statements made before.

3. Sulphatic Waters. 'The four groups of sulphatic waters —
Glauber’s salt, Epsom salts, Alum and Vitriol waters —find each a
representative in Missouri. The two last, from similarity of origin
and character, as fully explained later on, have been placed in a
single group. They demand here a separate treatment, as they
are not in any case hygienic, but strictly medicinal, and have
only in common their use in medicine, . e., in small doses, and
their non-use for bathing.

Glauber’s salt waters contain, as their main constituents,
sodium sulphate with variable amounts of sodium chloride and
alkaline and earthy carbonate. They should be taken in the
morning in one or two doses of half a glass or a glass each, to Glauvers saita
be increased only by special direction. They are mildly laxative e
with a tendency to retard albuminous metamorphosis, while aiding
the oxidation of fat, and are therefore conservative rather than
construetive ; but in cases of catarrh of the stomach and intes-
tines, accompanied by loss of digestive power, relief or cure
through the use of the waters encourages the formation of new
tissues and results generally in an increase of body weight.

Larger doses of the water, of course, prevent such effect by

rapidly carrying the contents of the digestive tract through the

body so as to prevent complete absorption; it is possible there-

fore to make a ‘¢ cure’’ either restorative or reducing. The
3
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alkalinitygof the water, as has already been pointed out in the
case of the alkaline waters proper, exerts a salutary effect upon -
the liver, increases the flow of the bile and relieves or cures
any existingleatarrh of the gall ducts.

Epsom salts waters contain magnesium sulphate as their chief
constituent, with alkaline sulphates, but no chlorides or carbon-
ates. In small amounts, taken just as the Glauber’s salt waters
are, they are laxative, giving the feeces a dark color. They are
diuretic, and induce albuminous metabolism, as well as oxida-
tion of fat; sodium chloride and urea appear in the urine in

Epsom saleave 1arger than normal quantities, and, though the appetite increases,
st the body weight diminishes, forbidding the use of these waters
in fever, congestion of the stomach and all cases of enfeebled
constitution. Strong and vigorous individuals, suffering from
abdominal plethora, hemorrhoids, excessive fat formation and
certain functional derangements of the liver and, perhaps,
Bright’s] disease, are most benefited by them. Too long con-
tinued use, or rather abuse, produces catarrh of the mucous mem-

branes of the intestines and should be discouraged.

Vitriolic waters contain variable, but considerable quantities
of iron and aluminium sulphate; but, as they are powerfully
active and their range of usefulness rather circumscribed, they
should, in every case, come under the direct supervision of a
medical adviser. The experiences gained with them at the two
springs of this kind in the State, hereinafter referred to, may
serve as a guide to their proper use.

4. Chalybeate Waters. The Chalybeate waters derive their
virtues from ferrous and manganous bicarbonates, either alone
or in conjunction with earthy salts and, perhaps, ferrous sul-
phate. They are for number, extent and variety of composition
the most remarkable of the spring waters of Missouri, and equal

Ohalybedte in many instances the most famous springs of the kind in Europe.
oue. STUMEE - As o their physiological function, but little can be said at
present. That iron is a normal constituent of the red blood
corpuscles ; that it is contained in milk, urine, bile, the secre-
tions of all mucous membranes and probably in other parts of the
body, is well known. That salts of iron, absorbed by the stomach
or injected into the blood, do not appear again immediately in
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any secretion is equaliy well known. That ferrous bicarbonate,
as also sulphate and chloride is, in advance of resorption, con-
verted in the stomach or intestinal ducts into an iron albuminate
is highly probable; but, asto the manner in which iron exercises
its special functions, its modus operandi, as it were, we are yet
ignorant and must be satisfied with the bare results of clinical
experiences in its use, which are fortunately as striking as they
are general. Its main effect, on which doubtless the whole of
its efficacy hinges, is the fact, that the number of red blood
. Its effect on red

corpuscles, fallen for any reason below a certain minimum, is lc)llg;dcorpue-
increased by the introduction of iron into the blood. Plenty of
blood corpuscles means plenty of good blood, and plenty of good
blood means, other things being favorable, the normal perform-
ance of its functions by each organ, the overcoming of detri-
mental tendencies, the invigorating of the nervous system, the
acquisition of strength, endurance and the power of enjoyment,
or in a word, good health, courage and contentment.

To attain this improvement of the blood larger doses of the
water must be taken than previously stated. Four glasses, or a
quart before breakfast in the morning, two glasses about 11 a.
m., the same quantity at 4 p. m. and enough more after supper
as will relieve thirst is probably a proper amount. Attention
should be paid to its proper digestion, especially in the case of
those waters that contain ferrous sulphate and considerable Sk L
amounts of other salts (the members of the third group of the waters.
Chalybheate waters), in order to prevent nausea or other similar
disturbances that would interfere with beneficial action. As a
rule, it may be stated that the pure chalybeate waters, those
of the first group can be taken with perfect freedom by the
feeblest constitution, since they are all easily digestible and
comparatively devoid of taste, and, in a manner, relished after
short use.

All persons then, may expect to derive benefit from chaly-
beate waters whose constitutions are enfeebled by excesses, old
age or disease. Anwemia, chronic, nervous and female diseases,
impotency and the host of troubles incident to any or all of
these may advantageously be treated with a ¢¢ cure’’ with iron.
Such patients must, however, be carefully watched or the ¢ cure ”’
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altogether abandoned when their cases are complicated by func-
tional lesions of heart or lungs.

4. Sulphur Waters. To attempt an explanation of the med -
cinal effects of a sulphur water is difficult and apt to result in
disappointment. That such waters are potent in their effects

Whatorgansacted Upon the skin, the mucous membranes in general, and those of

upon.

the air passages in particular, as also upon the liver and the
whole portal region is demonstrated in numerous cases. It is
likewise known that the efficacy of such waters does not depend
so much upon the free sulphuretted hydrogen, which they con-
tain, as upon the sulphides and perhaps other sulphur compounds,
from which after their entry into circulation sulphuretted
hydrogen is evolved.

The free gas inhaled or, in solution in water, taken into the
stomach rapidly leaves the body without producing any apparent

Free sulphuretted effect ; while, when eliminated from sulphides that had entered

waters inert.

into circulation, it manifests its presence by the appearance of a
characteristic absorption band in the blood, as also by its quick
and powerful effects upon the organism at large.

Waters, therefore, which contain soluble sulphides, a rather
unstable and easily decomposable class of bodies, are of much
greater therapeutic value than waters, merely rich in gas, though
the gas be chiefly sulphuretted hydrogen. It is for this reason
very important, in analyzing sulphur waters, to determine accur-
ately the state of combination, in which the sulphur exists in
them, and if this has been done in but few cases the omission is
attributable to the troublesome necessity of conducting a part, at
least, of the operations leading to an analysis, at the springs. It
may be presumed, however, as highly probable that all waters

Alkaline sulphur containing sodium bicarbonate contains their sulphur wholly or

waters contain

sulphides.

in part in the form of sulphide, and all such become active and
valuable therapeutic agents, whose chief effects center in their
action upon the liver and portal region.

The liver, as the organ which manufactures the bile, requires
for this purpose the same elements that make red blood corpus-
cles. It is probable that these corpuscles, like all organisms
possessing individual lives, grow old and decrepit in time, and in
this state, having become useless and even deleterious to the
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body which harbors them, they furnich the material employed by Ettete blood cor-
the liver for this purpose. Toremove them from circulation and Boures of bile,
to produce bile, itself actively engaged in the process of diges-
tion, is the twofold office of the liver, and sulphur waters are a
powerful auxiliary toward this end. The sulphur of those wat-
ers, powerless probably in the case of healthy red blood corpus-
cles, seizes upon and destroys the aged and effete ones, thereby
producing or at least increasing the raw material, upon which the
liver depends for action. The result is more and better bile; a
reduction of an engorged and torpid liver to its natural condi- Sulphur waters*
aid in the for- .
tion; a better digestion and nutrition with a return of strength mation of bile.
and vigor to the whole organism, or a renewal, as it were, of life
with the disappearance of the gloom which so often engulfs the
minds of this class of sufferers.
It is to be remembered, however, that a cure by means of a
sulphur water is destructive rather than constructive, and that a _

. . : Sl - Sulphur waters
generous diet is, therefore, not only admissible but advisable; ggzgrtgggtv‘sgot
and further, that the cure should not be continued for too long a
time.

Besides the effects described, sulphur waters act directly upon
skin and mucous membranes, taken internally or in the form of
baths, or better yet, both results are reached, which, by their sikaiine sulphe-
quickness and completeness of restoring health, are often surpris- cut R ey
ing. In this effect some of the brines take a share, and deserve,
along with the sulphur waters proper, a more generous attention
on the part of the medical profession, than they seem to have so
far received.
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CHAPTER 1V.
THE MINERAL WATERS OF THE STATE.

VALUE OF MISSOURI WATERS —LIST OF MINERAL WATER LOCALITIES.

Value of Missour: Waters. The abundance and value of the
mineral waters of the State are striking; nearly every county
possesses its springs, whose waters have acquired a local repu-
tation. Many of these, indeed, possess virtues of a very high
order, which, in time, must render them famous beyond the
confines of the State, and destine them to become sources of value of and in-
relief for suffering mankind. A very considerable development Eé}:sa%:ﬁn
of interest in these waters has actually taken place during the
last ten years; health resorts with their accompaniments of
modern hotels and modern comforts and pleasures can be found
in half a dozen counties, the aggregate value of which reaches
high up into the hundreds of thousands of dollars. These are,
as it were, the pioneers in the establishment of true sanitaria.
For such to be entirely successful many conditions must concur,
which it is unnecessary to enumerate here beyond the fact that
trained physicians, that is physicians who have given years of
time and thought to the study of the effects upon their patients
of the particular mineral water in question, so as to be able to
advise with intelligence and knowledge, are a prerequisite to
success; without these a watering place is liable to become a
mere place for pleasure or, worse yet, for dissipation, and does
not deserve the name of health resort.

The mineral waters of the State may be properly treated under
five heads :—

Muriatic Waters.
Alkaline Waters.
Sulphatic Waters.
Chalybeate Waters.
Sulphur Waters.

U‘p?&l\')p_a
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For easy reference the 83 waters collected and analyzed by
the officers of the Survey during the years 1890 to 1892 are
tabulated in the following list of localities, arranged alphabet-
ically by counties. Additional analyses of waters from either
the same or different springs, but made by chemists not connected
with the present Survey, are placed in the Appendix and may
be found by reference to the general index at the end of this
volume. Of the 83 original analyses here recorded, 48 were
made by Woodward and Robertson, and 35 by Schweitzer, and
the results are marked respectively by (W.), (W.&R.),or (S.).
The localities were visited and samples collected in a uniform
manner by different individuals and the sources of the various
descriptions are indicated in the same way by initial letters.
Each water of the following list is referred to its class and group
under which it is discussed in the following chapters.

LIST OF MINERAL WATER LOCALITIES OF THE STATE.!
EXAMINED, SAMPLED AND ANALYZED BY THE GEOLOGICAL SURVEY DURING

THE YEARS 1890 TO 1892.
BARRY COUNTY.

Panacea Spring,.......... I S s Alkaline Water....First Group.
BENTON COUNTY.

Boling SPTING s o e v oaienins o stamiese Muriatic Water...Second Group.

Claried Spring. . oiie .oy s ss ¢ ECREE = 4
CAMDEN COUNTY.

(a) Climax Spring...cceeeeveecansss Alkaline Water....First Group.
Cass COUNTY.

(a) McLelland’s Spring........ «+..«Sulphur Water

Hillottis Wielletaan sl s Sl o “ “«
CEDAR COUNTY.

(a) Jericho Spring ..... A .Chalybeate Water..First Group.

(a) Park Spring (Eldorado Sp.)...... ¢ ¢ o ¢

Main Spring (9 Wonders)....c...... £ ¢ ..Third Group.

CHARITON COUNTY.
Deep Well (Brunswick)..... « ++...Muriatic Water....Second Group.

Cray CoUNTY.
(a) Sulpho Saline Spring (Excelsior
SPe)eecesasasessacscrances .....Muriatic Water....Third Group.

1 An (a) in front of a name means that the water has been analyzed before
and the results are found in the Appeundix.
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CrAy CouNTY — Continued.

(a) Roger’s Spring.......... DRI Chalybeate Water..First Group.

(a) Reed’s Springeecccecececenanaes g€ ¢ ..Second Group.

(a) Siloam Spring (Excelsior Sp.).- .. 64 B3 e ¢

(a) Regent Spring (Excelsior Sp.) ... & L B B &
CLINTON COUNTY.

Plattsburg Spring...... FRRETERR .Alkaline Water....First Group.

Hrost's Spring.. et ninile i . Chalybeate Water..Second Group.
Daviess COUNTY.

Jamesport Mineral Well..... e s Chalybeate Water..Third Group.
GENTRY COUNTY.

Siloam Spring.......... S . ....Chalybeate Water..Second Group.
HEeExRY COUNTY.

Artesian Well (No. 1) (Clinton)..... Muriatic Water....Second Group.

Windsor Springeceeccecscsiecevansse Alkaline Water....First Group.

Water Works Well (Artesian Well

No. 2.) (Clinton).....coveeeaee Alkaline Water....Second Group.

Artesian Well (No. 3) (Clinton)..... “ CERR Cly e €

Sand Creek Spring.............. ....Chalybeate Water.. First Group.

Montrose Well:v- o i is v vaanammsses e ¢ .Third Group.
HowARrD COUNTY.

(a) Boonslick Spring. ..... ..oe.o.. Muriatic Water....First Group.

Glasgow Mineral Spring...... L L LU
HowgLL COoUNTY.

SHloam:Spring. cos s e vovisvanicrnnes Chalybeate Water..First Group.

Cure-all or Dixon Spring........... Alkaline Water.... ¢ ¢
JACKSON COUNTY.

Cusenhery SpEing . vooese e sivros Alkaline Water....First Group.

Lithia Spring..... ccoe... PR P . .«..Chalybeate Water.. ¢ s

Greenwood SPring...c..ccoeeevsaens g e e ¢f
JEFFERSON COUNTY.

Sulphar Spring. ttee s el vatii Muriatic Water....First Group.

(a) Afton Spring....... T “ (308 S SR “

{a) ' Coxncll Spring.zeiz . Jvenis . $€ &5 2 ¢

(a) Montesano Spring.............. s L L ¢
JOHNSON COUNTY.

Post Oak Sulphur Spring,........... Alkaline Water....First Group.

PertlesSpring s o eCii ol e Chalybeate Water.. ¢ £

Reed’s Spring......... REi e leisla e s aie s Gln it ™ U L]

(8) Blectric Spring. . so.siicveconns o ¢ ..Third Group.

LacLepe COUNTY.
(a) Lebanon Magnetic Well..... .... Chalybeate Water..First Group.

LivINGsTON COUNTY.
(a) Mooresville Mineral Well....... Chalybeate Water..Third Group.
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MaApisoN COUNTY.

White Spring.....c oy Yice s u oA s Chalybeate Water..First Group.
MERCER COUNTY.

Lineville Mineral Well........... ... Sulphatic Water. (Sodium Sulphate.)
Mo~NrOE COUNTY.

(a)rHarris \Well, wr5 ..t s BT Chalybeate Water..Third Group.
MorGaN COUNTY. -

(a) Alum Well (Versailles)......... Sulphatic Water...Third Group.
McDoxALD COUNTY.

Galbraith Welliceoeh i cnrneiossve . ... Alkaline Water....Second Group.

Nopaway CouNTyY.
(a) Burlington Junction Spring..... Chalybeate Water..First Group.

PERRY COUNTY.
Lithium Spring.....................Chalybeate Water..First Group.

PerTIis COUNTY.

Crystal Spring (Lamonte)... ... ... bulphatlc Water. .. Third Group.
Pixe CounTty.

Elk Eick Speing...... ..licsoedoree Muriatic Water...Second Group.

Louisiana Welllooio, S Ll isi i (U [ £

(2l B. BoSpringsfas stV dos, .Sulphatic Water (Magnesium Sulph.).

PraTrTE COUNTY.
(%) Crystal Spring.'. vosssvdoticas .Chalybeate Water..Second Group.

Rarrs CounTy.
Bpalding -Spring . e o iddoes .Muriatic Water....Second Group.

RanporLpH CoUNTY.
(a) Sulphur Spring (Randolph bps ). Murlatlc Water....First Group.
Salt Spring (Randolph Sps.)........ CLESNN e ] (L
RandolphiBpacicaal oot s, s .Chalybeate Water.. ¢ 2

SALINE COUNTY.
(a) Sweet Spring (Sweet Springs)...Muriatic Water. ..First Group.
(a) Blue Lick Spring (Blue Lick)... &t L/ ety LG ‘

Magnesia Spring (Blue Lick)....... #¢ “ G [
(a) Black Sulphur Spring (McAllister

R R e A A L At L «
(a) Akesion Spring (Sweet Sps Deeen £ £ ST R t
Salt Spring, near Akesion(Sweet Sps. ) & he Suurdiao L6 L
Black Sulphur Spring (Blue Ll(,k) 3 G ikl | e ‘“
Naplon:Bpring. vssw, sssmines siswsoss < ¢ gl (L
Gum Spring (Blue Llck) ..... SR - £ £ ori ek EE b
Salt Spring (Blue Lick).seeeee . vnnn. ¢ ¢ barete, T L
Red Sulphur Spring (Blue Lick).... & & B ‘
Salt Spring (Great Salt Sps.)....... L & e ach] ¢

Sulphur Spring (Great Salt. Sps.)... ¢ ‘e et 5 ‘e
White Sulphur Spring (Blue Lick).. L L ....Second Group.
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SALINE COUNTY — Continued.

Sweet Spring (Blue Lick)...... «....Muriatic Water....Second Group.
Kk FickSpringdas «oh ooiee s tilaa i £« s e e L
Town Spring at Grand Pass......... Alkaline Water....First Group.

Fresh Water Spring (Blue Lick).... (13 [ ...« Third Group.

St1. CLAIR COUNTY.

¢ 0ld Black” (Monegaw Sps.).«.... Muriatic Water. ...Second Group.
ST1. Louis.

Belcher Artesian Well.. . ........... Muriatic Water....First Group.
VERNON COUNTY.

Nevada Artesian Well..ovvaioeeinns Alkaline Water....Second Group.

Artesian Well (Fairhaven)...... . ...Chalybeate Water..Third Group.

(a) Main Spring LR o s GRS T &

(a) Life Well fim S L G

WortH COUNTY.
(a) Denver (Fairview) Well........ Chalybeate Water..Third Group.

45
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CHAPTER V.

MURIATIC WATERS OR BRINES.

Waters containing as their main constituent sodium chloride or common salt.

A. FIRST GROUP OF MURIATIC WATERS. — B, SECOND GROUP OF MURIATIC WATERS. — C.
THIRD GROUP OF MURIATIC WATERS.

The muriatic waters, or brines, as indicated by their name,
contain common salt as their main constituent and are in their
origin related in some way to the ocean. From this body of
water, during past geologic periods, portions were cut off by
R upheaval or subsidence, to exist for a time as inland salt water

e lakes. These dried up eventually, or were partly or wl}ol]y

up oceans. drained back again into the ocean by a subsequent geologic

revolution, thus giving rise to the different brines, which are
found in different parts of the State. All the brines analyzed
indicate their ancient origin; for, while modern seas contain,
besides the chlorides of the alkalies, only magnesium chloride
and no calcium chloride or sulphate, these waters analyzed con-
Differences be- tain either both or at least one of them in considerable quantity.
andancieni — They are grouped in three divisions, beginning with the oldest,
geologically speaking, and each group has its members arranged
according to the quantity of total mineral matter which it

contains:

A. FIRST GROUP OF MURIATIC WATERS.

The waters of the First Group consist of those which contain, in addition to
sodium chloride or common salt (Na Cl), magnesium chloride (Mg Cly), calcium
chloride (Ca Clg), and calcium sulphate (Ca SO4), but no magnesium sulphate
(Mg SOy).

The twenty-three waters under this group are arranged in the
following pages, according to their total residues. A glance at
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the tables shows this to be likewise the order in which the quantity
of magnesium chloride or calcium sulphate would place them.
A common origin may probably be attributed to all of them,
the presence or absence of calcium bicarbonate depending, doubt-
less, in a measure, on local conditions. But few of these waters
can be considered mineral waters in the narrow sense of the Micinal use of
word, 7. e., as waters to be taken internally for medicinal pur-
poses. As substitutes for ocean baths, however, they deserve
consideration, and, as some are found near mineral waters of
different types, their values become enhanced. It is not the
purpose of this publication to advocate one or the other of these
waters; the tabulation is such as is calculated to enable the
physician to select easily, for any given case, the proper water.



TABLE OF ANALYSES OF MISSOURI MURIATIC WATERS — FIRST GROUP.

Contents are expressed in grains per Gallon.
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1 See analysis in special description.
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Bl. L., Saline Co.

Salt Spring (S.),

0.8761
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, 1289 1729
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Bl L., Saline Co.

Red Sulphur Spring (S.),

4
1292 1135

1708.1596
1.0212

TABLE OF ANALYSES OF MISSOURI MURIATIC WATERS — FIRST GROUP.
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It is deemed advisable, in discussing the waters of this group,
to deviate from the order of the table, and to bring together the
springs of one neighborhood. This plan is, in this instance, all
the more proper, since these waters belong virtually only to two
sections of the State, Saline county near the center with an
outcropping in Randolph and Howard counties, and in Jefferson
county and St. Louis in the east. The springs of Saline county
are, therefore, described first.

THE SPRINGS OF SALINE COUNTY.

Saline county, situated in the west-central part of Missouri,
and having the Missouri river for its northern and eastern
boundary, has long been noted for the large number of salt
springs within its limits, which facts suggested its name. The
majority of these springs are very salty, and would, undoubtedly,
be classed as ¢¢saline springs.”” In connection with the salt
water many of them give off quantities of hydrogen sulphide gas,
and are locally known as “*sulphur’’ springs. The temperatures
of all are nearly the same, and the flow remains constant, inde-
pendent of rain-fall. They are all probably of deep-seated
origin, and are not thermal. From the waters of many of the
larger ones, salt was manufactured years ago by evaporation oyer
fire. This work has now been abandoned, and the waters are
at present used only as beverages, or for medicinal purposes.
The location of the principal springs is shown quite accurately
on the accompanying map of the State. Numerous springs
exist which are not shown individually on the map ; but, of these,
many are closely associated with the larger springs, and all are
small and do not differ in character from those to be described.
Among those not described are: —

a. A spring at Arrow Rock, having a good flow, which was
formerly a salt-sulphur water, but which is now reported by its
owner to be very weak in saline matter.

b. A salt-sulphur spring near Miami, section 35, township 53
north, range 21 west, the property of A. J. Caseboat.

c. A sulphur spring near Shackleford (between Great Salt
Springs and Marshall) in section 1, township 5Q north, range 22



MURIATIC WATERS OR BRINES. 51

-west, owned by James Prior, and reported to be a weak salt
spring.

Some springs of strong flow and clear water also occur along
the Missouri bluffs at Grand Pass, but they can hardly be classi-
fied as mineral springs. Some are slightly chalybeate and small
quantities of oil have been found in connection with them; but
the flow of oil has been very weak. Several years ago, on sink-
ing a well at Malta Bend, in section 3, township 51 north, range 22 i
west, oil was struck; and gas has been reported from the vicinity
of Elmwood, section 3, township 49 north, range 23 west.

Most of the salt springs of this county are found in the vicin-
ity of Salt-fork and Black-water branches of the Lamine river,
and seem to be limited to the valleys of these streams. An im-
portant exception to this is the Elk Lick spring in the Lamine
river valley itself.

SWEET SPRING AT SWEET SPRINGS (W.).

Location and Character. Sweet spring is decidedly the
best known of Saline county’s springs. It isinthe southwestern

Sweet Springs
Cos. Groands,

F1G. 1. Sketch map of Sweet Springs and vicinity.
1 is the Sweet spring ;
2 are the Sulphur springs;
4 is the Alum spring;
5 is a fresh water spring.
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corner of the county, in the northwest quarter of section 14, T.
48 N., 23 W., about one mile south of the railway station at
Sweet Springs, on the Missouri Pacific railway.

Sweet spring itself (so called from its lacking any salty or
strong mineral taste) issues from a bluff of limestone, some
twenty-two feet above the low water mark of Black Water
creek. This is the only locality in the county where the water
can be seen emerging from the rock so that the exact horizon of

Flowm‘dcmmmtsits occurrence can be determined. It flows at the rate of 1,100
of this spring. ~ grallons per hour from a crevice in the limestone of ahout 50
square inches in area. A remarkable fact concerning this water,
when compared with that of other similar springs in the county,
is that although deep seated enough to exhibit great regularity
of flow, temperatures, etec., it contains so small a proportion of
mineral matter as to be hardly recognized by taste. This is, in
all probability, owing to the fact that it does not reach the yet
lower levels of saline deposits, which originate the other springs,
but is confined entirely to the crevices of the limestone rock from
which it issues, and is, therefore, destitute of sulphuretted
hydrogen, instead of which it contains carbonic acid gas.

The water flows into a walled basin five feet in diameter

and fourteen inches deep with a cemented porcelain bottom.

F1G. 2. View of Spring house at Sweet Springs.
From a photograph.
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GEOLOGICAL SURVEY OF MISSOURI, REPORT ON MINERAL WATERS—PL. I,

Fic. 1. VIEW OF GROUNDS AT SWEET SPRINGS. Ty
Fia. 2. VIEW OF HOTEL AT SWEET SPRINGS.
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Thence it is forced into the bottling house, where large quanti- collected in
ties are bottled and shipped to various points in the State, and Sersta baste.
elsewhere. The temperature of the water in the basin was
53.3° F., that of the air being 41.5° F. About twenty feet be-
low the level of the Sweet spring, a few feet above Black Water
creek, is a sulphur spring. It has constant flow, but is covered
by the Black Water in times of freshet.

Improvements and Uses. The property is a well patronized
health resort, managed by a company under the name of the
New Sweet Springs Company, owning a well appointed hotel of
130 rooms, valued at $50,000, with outbuildings, lecture hall,
ball-room, pavilions and other improvements valued at a like
sum. A number of private summer residences have been erected
within the company’s park and near the hotel, bringing the value
of the whole plant to about $135,000. A season of about three ¥mentsmate
months, during which conventions and other meetings take ad-
vantage of the facilities and diversions of the place, render the
investment profitable. The water is shipped in barrels and
bottles, either carbonated or plain, the capacity of the establish-
ment being 1,500 quarts a day. The water is used both for
drinking and bathing purposes, though, for the latter, Akesion
water, to be described later, is, perhaps, preferable. A number
of bath rooms with two large swimming pools near the hotel,
each one five feet deep and thirty-two feet in diameter are con-
stantly at the service of the guests. For the use of the water the
direction gives advice which may be found in the printed cir-
cular, issued annually.

Results of analysis of Sweet Spring water (w.):

Grains in Gallon. Grams in Litre.

Silica et ee onrs vess Seasiee (Si0g) 0.3095 0.0053
Alumings. s ceccenceneanne (A)203) 0.1285 0.0022
LAMe v s svaeiciains vioseiscianinns (Ca0) 17.8617 0.3058
MAgNEBIA Jeisenevaie sainn ses (MgO0) 9.2522 0.1584
PotaREA e cesionrs taamane (K:20) 0.0292 0.0005
BOAR V5 e s vatsia e nivslore s (Na0) 52.3529 0.8963
ChIOTIN G s hoh e as i o (cn 83.4445 1.4286
Sulphur Tiroxide.......... (S0s3) ; 5.1751 0.0886
Carbon Dioxide........... (CO2) 136096 0.2330
Water in combination..... (H20) 2.7838 0.0477

184.9470 3.1664
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Grains in Gallon. Grams in Litre.

OXyZen ..o vovss PR () 18.8022 0.3219
Mineral matter............ 166.1448 2.8445
Fixed residue....... S eers 156.5562 2.6803

Spec. Gravity = 1.0023
United as follows:

Grains in Gallon.

2 1 AR e SR, S (S8109) 0 3095
AlOMINg <« vuivasassns o sess (AldOg) 0.1285
Calcium Bicarbonate......(CaHs(COs3)2) 25.0540
Calcium Sulphate......... (CaS0y) 8.7977
Calcium Chloride..........(CaClz) 11.0402
Magnesium Chloride...... (MgClg) 21.9738
Potassium Chloride....... (KCl1) 0.0463
Sodium Chloride..........(NaCl) 98.7948
Mineral matter........... 166.1448

Results of analysis of Akesion water (w.):
Grains in Gallon. Grams in Litre.

BIliea ol veie v en s s ussiaans (Si02) 0.3154 0.0054
Alumina..... R oA b (Al203) 0.1986 0.0034
TGIHe W55 e e s sreinis el lta (Ca0) 84.0870 1.4396
Magnesiad..cccvoaee eieeees(Mg0O) 37.6861 0.6452
POLABIR v visoassesas Sssher . (K2 0) 3.3703 0.0577
Boda s ohess carnusivason o (Nag0) 467.7707 8.0084
Sulphur Trioxide ........ . (803) 32.9023 0.5633
Chlorine....... Sdleeie e e calete (cn ‘ 659.6942 11.2942
Carbon Dioxide...........(CO2) 28.3872 0.4860
Water in combination. .... (H20) 5.8064 0.0994

1820.2182 22.6026
OXTREN, osiisvime's e RO 148.6651 2.5452
Mineral matter.......cevae 1171.55631 20.0574
Fixed residue..c.civceeee 1151.5531 19.7150

Spec. Gravity —= 1.0149
HjS present.
United as follows:
Grains in Gallon.

S{iToayrs St i e R ... (S102) 0.3154
Alumina..... ecesseasuasae (Al203) 0.1986
Calcium Bicarbonate......(CaHs (COsg)2) 52,2582
Calcium Sulphate.........(CaSO0y) 55.9339
Caicium Chloride.........(CaClg) 85.2176
Maguoesium Choride....... (MgClg) 89.5086
Potassium Chloride........ (KCI) 5.3422
Sodium Chloride.......... (NaCl) 882.7786

Mineral matter........coee 1171 5531
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Results of analysis of Salt Spring water (w.):

(2157 (o o LB o M e (Si02)
AT e b eniambss ... (AlO3)
) Y G O S e SR R . (Ca0)
Magnesia..cccovevee coenne (MgO)
POBABRA 5500 vo) wonssvsvve (K20)
BOAN Gz esws x5 e v s By (Nag0)
Sulpbur Trioxide...oou... (S03)
ChIorIne 3 avsevs vesaiee detks cn
Carbon Dioxide, 5. iavuee (CO2)
Water in combination. ....(H20)
OXYZCN v c coiutavienislsocessian 0)

Grains in Gallon.

55

Grams in Litre.

0.2887 0.0049
0.1082 0.0018
87.6506 1.5006
37.2224 0.6373
6.1846 0.1059
472.7913 8.0944
33.4442 0.5726
681.2416 11.6631
15.3294 0.2624
3.1356 0.0537
1337.3965 22.8967
153.5132 2.6282
1183.8833 20.2685
1178.0830 20.0836

Spec. Gravity = 1.0150

United as follows:

L L R R A s e . (8i0g)
Alaming .. 35 niv sevee v ees (Als0s)
Calcium Bicarbonate...... (CaH2(CO3)2)
Calcium Sulphate.......... (CaS0y)

Calcium Chloride..... «e+..(CaClp)
Magnesium Chloride......(MgClp)
Potassium Chloride........ (KCI)

Sodium Chloride..... il ACNAGD)

Mineral matter.... .........

Grains i Gallon.

0.2887
0.1082
28.2202
56.8852
107.9969
88.4039
9.8030
892.2072

1183.8833

HsS present.

The two last springs are likewise under the management of the
parties owning the Sweet Springs property, and are situated on
the north side of the Black Water in the northwest quarter o f
section 16, T. 48 N., 22 W. They are about three hundred feet

apart, both flowing from the alluvial clays.

They areboth saline

and sulphuretted and appear to flow from a common source.
The medicinal properties of the two, it is claimed, however, are
quite distinct, the Akesion water being bottled and shipped away, medicinal proper-
while the salt spring water (together with the Akesion) is
pumped over four miles to the Sweet Springs ground, where it

is used in the bath houses.

Both springs deposit sulphur (white and flocculent) along
their courses, and have each a flow of about 4000 gallons per

hour.

1 See other analyses in the Appendix.

Their temperatures are as follows:!—

ties of the two
salt springs
different.
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Of Water. of Air.
ARCHBIONx s av e slein oo vioio v alns s s mssnicdlaionie slesdiesioss «59.7° F. 35° F.
Salt Spring. ... sesiccoosssess R sevse veesBBLES T, 40° F.

THE MCALLISTER SPRINGS (W.).

Location. The McAllister springs are found in the northeast
quarter of section 17, T. 48 N., 22 W., about five miles east of
Sweet Springs and close to Black Water creek. The principal
springs are three in number, known respectively as the Black

Sulphur and White Sulphuar, and Salt
Dlochenter Creeh | springs. The Black Sulphur and Salt
springs occur near each other and are
both saline and sulphuretted; the Salt
spring water seems to contain more gas
than the others. From the Salt spring is
& deposited a reddish white precipitate of
P’s%‘i‘t";if,‘h‘%f;?&“ o sulphur, while the Black Sulphur is char-
aulphur rings. 5 :
acterized by a black sediment composed
of sulphur and organic matter mixed
with clay and fine sand. A small amount
of Black Sulphur water is bottled and
shipped away; but most of it, mixed with
the Salt spring water flows into the bath
Fra. 3. Sketch at McAllister Douses. The White Sulphur spring is a
Ot thé Sulnia Sovion / few hundred feet nearer the Black Water
B . Ui d e well protected from the weather.

It is saline like the other two.

Of Water. Of Air .
Temperature Black Sulphur Springs........... ST K, 83° F.
s White 66 BE e SN A Nt 52.°°F; 33°F.
33 Salt ¢ S e i g es v 58.° F. 33° K.

Improvements and Uses. The property is owned by private
parties but managed and under the direction of a resident physi-
cian. Itcontains acommodious hotel with thirty rooms, ball-room,

Value of improve- billiard and bowling alley, and some private summer residences,
mentemade Calued at $25,000. The Black Sulphur water is shipped in bar-
rels and jugs. It has been used for twenty years and longer,

the management claiming it to be beneficial in ¢¢ dyspepsia, skin

diseases, blood poisoning, rheumatism, liver diseases and stom-

ach troubles,”” of which proof is offered in a number of letters
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received from parties who have been benefited by its use. An
earlier analysis of this water is given in the Appendix.
The spring has a flow of about twenty gallons per hour.

Results of analysis of Black Sulphur water (w.):
Grains in Gallon. Grams in Litre.

BHCR Lo aeene Sl eaihiste (Si02) 0.2570 0.0044

Aluming....cocones s sile afors (A1203) 0.0818 0.0014

o L e e AU (Ca0) 60.6705 1.0387

MAagnesia . - v s or - siane (Mg0) 27.0029 0.4623

SOUB e ARk S (Nas0) 337.4112 5.7766

Sulphur Trioxide.......... (S0s) 23.7086 0.4059

EhIOTING 2 s s s e e b (C) 462.8116 7.9235

Carbon Dioxide..... vo.-.. (CO9) 33.9362 0.5810

Water in combination...... (H20) 6.9415 0.1188
952.8413 16.3126

OZFZEN o svoinvoc ron A MR T (0) 104.2910 1.7855

Mineral matter............ 848.5303 14.5271

Fixed residue............ 824.6207 14.1178

Spec. Gravity = 1.0064
United as follows: Hs3S present.
Grains in Gallon.

g5 Lot ey e AR el o e (Si02) 0.2570

RPN st o S s (Alz03) 0.0818

Calcium Bicarbonate.. .... ‘CaH2(CO3)2) 62.4735

Calcium Sulphate........ . (CaS0y) 40.3046

Calcium Chloride..... .... (CaClp) 44.5560

Magnesium Chloride...... (MgCly) 64.1319

Sodium Chloride.......... (NaCl) 636 7276

Mineral matter............ 848.5324

ELK LICK SPRING (W.).

Location. On crossing the divide between Black Water creek
and Lamine river, in the southeastern part of the county, we
find the Elk Lick springs, situated on Heath’s creek, in section
17, T. 48 N., 20 W.

Character. One principal spring here is surrounded by
smaller ones. The spring is of remarkably clear, palatable
water, charged with carbonic acid gas and slightly sulphuretted.
It flows at a rate of between 100 and 200 gallons per hour and
deposits a very small amount of sediment, mostly of a black
color. These springs are occasionally resorted to by excursion
parties; hut they have little more than a local reputation.

Water palatable

and rich in car-
bonie acid.
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Improvements and Uses. The property consists of a hotel with
thirty-four rooms, with accommodations for about fifty guests;
two cottages, a dancing hall and bath houses, valued, in all, at
$25,000. Itisowned by J. H. Rector, who keeps the place open

V:‘,,“,‘;,?,’f’gr?,ff;‘:};: for about four months during the year. The springs have been
known for more than fifty years and are claimed by the pro-
prietor to be effective in curing indigestion, scrofula and
rheumatic affections. The water has been analyzed before, but

no copy of the analysis was procurable.
Of Water. Of Air.
PO MDOTBEITE < o wenys SVl brirans s atalam o he Hwmarsisia a et DB T 85100,
Results of analysis of Elk Lick spring water (w. & R.):

Grains in Gallon. Grams in Litre.

STIICH. oo s o sl shmcasiss (Si02) 0.3972 0.0068
Alumina....... SRS R (Alz03) 0.1168 6.0020
Lime. cosviesoniaovensiatecss-(Ca0) 20.1105 0.3443
Magnesia.cccessioeersnnns (MgO) 9.6084 0.1645
80d& coonvess e voelvonss(NagO) 93.6487 1.6033
Sulphur Trioxide ......... (S03) 12.1259 0.2076
Chlorine..... e ears ceeees (CD) 127.1761 2.1773
Carbon Dioxide........... (Cl) 14.6958 0.2516
Water in combination..... (H20) 3.0060 0.0515
280.8354 4.8089
OXygen.soessvess vives N (0)) 28.6618 0.4907
Mineral matter..... oot 252.2236 4.3182
Fixed residue..cs.ccs caus 241.8697 4.1409

Spec. Gravity = 1.0033

Aualysts, Contains HsS.

United as follows:
Qrains in Gallon.

SR s Te Bkes sravave (S108) 0.3972
Aluming......... e dale (A1203) 0.1168
Calcium Bicarbonate...... (CaH2(COs),) 27.0537
Calcium Sulphate.........(CaSOy) 20.6042
Calcium Chloride........ . (CaClg) 4.5083
Magnesium Chloride. ..... (MgCl,) 22.8198
Sodium Chloride..........(NaCl) 176.7242

ineral matter.sen e sviass 252.2242
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BLUE LICK SPRINGS (W. & S.).

Location and Character. Passing down Blackwater on Fin-
ney’s creek, about one mile from its mouth, we find the group
known as ¢* Blue Lick Springs,"” located in the southeast quarter
of section 21, T'4Y N., 21 W. Here a number of sulpho-saline
springs arve scattered along Finney’s creek from its junction with
the Blackwater ; but they culmmate at Blue Lick where a number
of such springs occur within a radius of a quarter of a mile.
Fresh water springs are common and one, which when visited
was flooded with water, is reported to be very bitter or ¢“ magne-
sian’’ when the surface water is low. Asthe fresh water springs
are somewhat dependent on rainfall, are colder than the sulphur
springs, and lack salt, they are probably surface springs and not
connected with those from a deep-seated source.

The ¢ Blue Lick ’’ spring / ///

o

is the highest of the group
and is thus less affected by
the floods of Blackwater
creek. It is sulpho-saline
in character and deposits
sulphur. Its temperature is
54.7° K., that of the air
being 40° F.
At least four or five of F1G. 4. Sketch at Blue Lick.
Rl S » A is Blue Lick spring.
the springs here used as ‘ Black ﬂ{,,l,h“;r A
beverages could be classed « gglﬁnfﬁr?nsﬁmg'
SLR h i A
as ¢ black sulphur’’ or bet- “ Wiite sulphar spring.
A i ¢ Salt sulphur spring.
ter, as sulpho-saline springs. « Red sulphur spring.
¥ ‘ Fresh water spring.
One of these has been pro- S I
« ‘“ Sweet spring.
tected by a tile sunk around
it and is more generally used
than the others of its class. Its temperature is 55.7° F'., that of
the air being 42° F.
The ¢¢ Gum spring’’ is the largest of the group and is said
to furnish, and apparently flows at a rate of about 3000 gallons

‘“ Fresh water spring.
‘“ Sulphur spring.

BriRsHmoEEpoR

Salt and fresh
water springs
occur together.

Temperature

of water.

of water per hour. Like the others, the water is sulpho-saline. Flowof Gum

It is allowed to flow into a large wooden basin forty feet square and

.
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four or five feet deep, which is used for bathing purposes. Onthe
sides of this basin, sulphur is deposited in very considerable
quantities. This sulphur is the so-called ¢¢ white flocculent precip-
itate.”” It is the well-known accompaniment of sulphur springs
and is derived from the oxidation of the sulphuretted hydrogen
gas in the water, of which gas the sulphur remains in the form
of a precipitate. The terms white, black and red sulphur apply
to the pure or impure precipitates of sulphur in the springs.
The water itself issues from a large ¢¢ gum > and a great quan-
ot e it e T Dt Dot iy Th
b eprmes. B85 ) ¢ : o purposes entirely. The
springs are much frequented during the summer months, and the
waters of ‘¢ Blue Lick’’ and Black Sulphur springs are also
shipped to Marshall in small quantities.

A short distance south of this group occurs a ¢ sulphur’’
spring very slightly saline. It is neglected, however, and its
true flow could not be seen.

Salt was made from the various springs here several years

Salt onec made a0 and the lines of ditches where the kettles were placed and
springs. the water evaporated can still be seen.

On a subsequent visit to this locality (November 14, 1892)
the clear, bright weather that had prevailed for a month past,
was utilized to sample six additional springs, and to elucidate
some points, which the previous investigation of these wuters
had failed to touch upon.

The first was the determination of the nature and quality of
the sulphuretted hydrogen in the different muriatic or sulpho-

O o saline waters. Toward this end the spring which at the time of
in these Waters: 1o visit appeared to possess the strongest odor — the Red Sulphur
spring — was selected and the gas, on taking the water from the
spring, fixed by the addition of a solution of neutral cadmium
chloride ; subsequent determination gave
0.0102 grains of H,S per litre, or
0.5957 grains per gallon.

Through the untreated water, which had been carefully bottled

and sent to the laboratory, was passed, on the following day, a
Sl kg current of hydrogen gas which speedily volatilized the free sul-
phuretted hydrogen and rendered the water odorless; in this
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condition it gave no longer the characteristic yellow precipitate
with cadmium chloride. The statement, therefore, made in
Chapter III. regarding the occurrence of this gas in our muriatic
waters as free and accidental is borne out by the results of this test.

The second point was the determination of the whole of the
carbonic acid gas in the waters, as they issue. The Red Sulphur
and the Sweet springs were selected for trial and the carbonic
acid gas determined at the time of sampling. Analysis showed in

Red Sulphur spring water 0.3935 grains of COg per litre and in
Sweet spring water 10 e LA UL A

The first is the exact amount of carbonic acid gas necessary to
keep the calcium carbonate in solution and the second exceeds it
but slightly. The gas evolved by these springs, however, and Amount of car-
especially the latter, plainly exceeds in volume that of the carbon Saurs of thse
dioxide found, and reveals the presence in the escaping gas of
other gaseous bodies, which, in all probability, are nitrogen and
marsh gas.

A third point examined was the comgposition of the white floc-
culent precipitate so often noticed in and about the tanks into
which these waters flow. None could be collected satisfactorily
at the spot, but the water of the Salt spring, which on
sampling was perfectly clear and limpid, separated after a few S o
days standing enough of the substance for a qualitative test. It S Sonte
consisted mainly of white sulphur and silica with traces of
alumina-and calcium carbonate.

The observation of the temperatures of these waters is of
interest. On the morning when they were taken the air was
cool and bracing, showing on a good thermometer 47.3° F. The Temppratia e
waters, just as they issued from the ground, exhibited the follow- CopRine e
ing range of temperature:

Grains of Mineral Matter per Gallon. Temperature,

Fresh Water Spring.« sss.voesvecesescese eses 76,3982 not taken
White Sulphur Spring....veeeeeeeiieeneesa.. 245.4602 54.6° F
Sweet Spring......... B S e O e e A s S A 300.8429 544° F
Blue Lick Spring...cccoevveeicaroaees v i bisle . 558.6126 56.3° F
Magnesia Spring.... i covetionsisosoaarinae 770.3699 54.5° F
Black Sulphur Spring......coccoeeeeveanniaes 1242,0986 not taken
Gum Spring..... R A P 1653.3926 61.7°F
Salt Spring..ooeecovniiniiiiiiii .1681.8886 62.6° F

Red Sulphur Spring....ccceveeereeccesesess.1708.1596 62.6° F



The temperature
indicates depth
from which
water comes.

Water sold at
Marshall.

Analysis.

62 THE MINERAL WATERS OF MISSOURI.

The highest temperature attaches to the water carrying the
greatest quantity of mineral matter, and may perhaps be taken
as an indication of the greatest relative depth reached by it; a
higher temperature, a greater depth, an older geologic deposit
appear, in these waters at least, to be connected, and may prove
so in others. Careful simultaneous temperature determinations
over larger areas might profitably be undertaken in similar cases
by the investigators.

Improvements and Uses. 'The property is owned in partnership
and is operated by Henry Strother of Marshall, Mo. It has, as
yet, no hotel, but several cottages, private residences, two bath
houses, and some stores have been built to accommodate guests
and visitors. The water of all the springs is used for drinking
purposes excepting that of the Gum spring, which is used for
bathing. It is sold to a moderate extent in bottles and barrels,
though no regular bottling establishment has been kept in opera-
tion. A pamphlet descriptive of the waters has been published
giving an analysis, which is printed in the Appendix, and in
which the waters are claimed to be beneficial in kidney and
bladder disease, dyspepsia, diseases of the bowels, cholera fin-
fantum, chronic diarrhceea, general debility, and for other
troubles.

Results of analysis of water of Blue Lick Spring (w.):

Grains in Gallon. Grams in Litre.

Silleatn s eura s stvacive (Si0g) 0.5724 0.0098
AIDTGINRS = e kv ts o atiey o a s (Al1,03) 0.0993 0.0017
1 BT iy T T R O R (Ca0) 42,6685 0.7305
Magnesia .. .. s-os TR o o (MgO) 19.4038 0.3322
i b e L R R e (Na20) 218.6812 3.7439
Sulphur Trioxide ......... (S0s) 23.1362 0.3961
CRIOTINE b= wis s vootugs s v, eia 428 wits (Cly '308.3815 5.1940
Carbon Dioxide......o.... (C 02) 15.8056 0.2706
Water in combination..... (H2 O) 3.2330 00553

626.9815 10.7341
OXygens « svise'vosmsosnises (0) 68.3689 1.1705
Mineral mattev....c........ 658.6126 9.5636
Fixed residue......ccceess 547.4768 9.3730

Spec. Gravity=1.0071
Contains HsS.
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United as follows:

BHICH cao il o s b e s ssmmis (8i02)
Alumina..... L e et (Al203)
Calcium Bicarbonate. ......(CaH,(COs),)
Calcium Sulphate..... «....(CaS0,)
Calcium Chloride.......... (CaCl,)
Magnesia Chloride......... (MgCly,)
Sodium Chloride........... (NaCl)
Mineral matter.............

Grains in Gallon.

0.5724
0.0993
29.0967
39.3315
32.5371
46.0841
410.8915

558.6126

63

Results of analysis of Magnesia spring water (s.):

o} 1D G SR S S AT L (Si0,)
Alumina.......... crennee.(Al,05)
Lime..... St S et (Ca0)
Magnesia: s.s coev sessese, (M2O)
POLAASA: « veaa /oo TR ... (K;0)
S0das.cetivsncreiaceciase (Ma,0)
Chlorine......... oy jegiers (cn
Sulphur Trioxide..... o+ (805)
Carbon Dioxide...........(CO,)
Water in combination..... (H;0)
OXYZOn S evvianseaisoevians (0)
Mineral matter...........

Fixed residue..... siontiiolelal

Grains in Gallon.

2.6869
1.6005
53.2991
23.4750
13.7263
294.4039
404.8806
30.2856
30.9765
6.3361
861.6705
91.3006

770.3699

748.5456

Spec.

United as follows:

BIIGA <xvbie sk et hs e CRIOLY

Aluming..eceeveniiasnnns, (A1,04)
Calcium Bicarbonate. ..... (CaH,(COy),)
Calcium Sulphate..... vese.(CaS0y)
Calcium Chloride.........(CaCl,)
Magnesium Chloride..... . (MgCly)
Potassium Chloride........ (KCl)
Sodium Chloride.......... (NaCl)

Mineral matter.....c......

Grains in Gallon.

2.6869
1.6005
57.0249
51.4855
24.5517
55.7471
21.7566
555.5167

770.3699

Grams in Litre.

0.0460
0.0274
0.9125
0.4019
0.2350
5.0403
6.9317
0.5185
0.5303
0.1085
14.7521
1.5631

13.1890
12.8154
Gravity =1.0066
Li present
H, S absent.

Analysis of Blue
Lick water.

Analysis ofiMag-
nesia Spring
water.



Analysis of Black
Sulphur water.
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Results of analysis of Black Sulphur Spring (w.):

Grains in Gallon. Grams in Litre.

s BIHCA «ovsaneoaenons e (810;) 0.5432
Alumina,....... sisisle oo s iniue (A1,04) 0.0642
R e e S U (67 0 D) 84.2856
Magnesia .. ... S GO0 (M20) 37 6919
L e e RS S e (Na,0) 501.1461
Sulphur Trioxide...........(8S0g) 51.9323
Chiorne. toe . ihidchaeeee (Ch) 669.0164
Carbon Dioxide...........(COy) 39.9992
Water in combination..... (H,0) 8.1817

1392.8606
Oxygen.ccoeeees cosdvonnies (0) 150.7620
Mineral matter............ 1242.0986
Fixed residue............ 1213.9173

Analysis of Gum
Spring water.

United as follows:

0.0093
0.0011
1.4430
0.6453
8.5798
0.8891
11.4538
0.6848
0.1401

23.8463
2.5811

21.2652

20.7827
Spec. Gravity =1.0153
H,S present.

Grains in Gallon.

Bilicady. seni e Garesteaie Worare (Si0y) 0.5432
Alumina....... cesvesseie - (A1,04) 0.0642
Calcium Bicarbonate......(CaH,(CO,),) 73.6349
Calcium Sulphate.......... (CaS0,) 88.2849
Calcium Chloride.......... (CaCly) 44.5570
Magnesium Chloride......(MgCl,) 89.5232
Sodium Chloride.......... (NaCn 945.4912
Mineral matter....... e 1242.0986

Results of analysis of water of Gum Spring (w.):

Grains in Gallon. Grams in Litre.

1 b AR e N s (Si0y) 0.4147
11110 A S R R (Ca0) 113.2570
Magnesif. ccccsvavsevooass (Mg0) 47.6918
BOARE, Wi x oiw on 598 s1aron b wvie « (N2a,0) 678.6074
Sulphur Trioxide..... eoeieei(S0)g) 66.1843
Chlorine..-: ccosoeniiveacen (ch 927.1945
Carbon Dioxide........... (CO,) 24 0650
Water in combination ....(HO) 4.9224

1862.3371
OXYZEN ¢ ccvesnsevessseasas(0) 208.9443
Mineral matter.. ... e 1653.3928
Fixed residue............. 1636.4379

0.0071
1.9390
0.8165
11.6180
1.1331
15.8739
4120
0.0842

31.8838
3.6772

28.3066

28.0164
Spec. Gravity = 1.0206
H:S present.
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United as follows:
Grains in Galion.

Silfcai it st cemstica o (Si0,) 0.4147

Calcium Bicarbonate...... (CaH,(CO;y),) 44.3015

Calcium Sulphate..........(CaSO,) 112 5133 Analysis of G
Calcium Chloride.......... (CaCly) 102.3062 Spring water.
Magnesium Chloride...... .(MgCl,) 112.2681

Sodium Chloride.......... (NaCl) 1280.5890

Mineral matter....... < it 1653.3928

Results of analysis of Salt Spring water (s.):

Grains in Gallon. Grams in Litre.

SHLECREAs R (Si0y) 0.8761 0.0150
imes e wis AT O AR (01 18)] 112.3224 1.9230
Magnesia. ... coesvoseernis (Mg0) 48.9126 0.8374
Potassa..eeeeseens S -.(K,0) 7.4415 0.1274
BOAG. 3 ¢ osivron i siovenve s « (Na,0) 683.1516 11.6958
Chlorine...ccceveee Sehe v e cn 929.7003 15.9168
Sulphur Trioxide. ..... o000 (SO3) 66.4707 1.1380
Carbon Dioxide........... (CO,) 35.3030 0.6044
Water in combination.....(H,0) 7.2209 0.1236

1891.3330 32.3814
OXyZen...cssvoese S S 0) 209.5109 3.5869
Mineral matter...... = 1681.8881 28.5475
Fixed residue.......... s 1657.0157 28.1219

Spec. Gravity = 1.0214.
Li present.
HsS present.
United as follows:

Grains in Gallon.

Silica..... eses diatas e . (810,) 0.8761
Calcium Bicarbonate.... (CaH,(CO;),) 64,9884 Anplsie of Bilt
Calcium Sulphate....... (CaSOy) 112.9999 Spring water.
Calcium Chloride...... ..(CaCly) 85.8861
Magnesium Chloride. .. .(MgCly) 116.1658
Potassium Chloride.....(KCl) 11.7988
Sodium Chloride....... (NaCl) 1289.1729
Mineral matter............. 1681.8880



Analysis of Red
Sulphur Spring
water.

Water flows from
alluvial clays.
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Results of analysis of Red Sulphur Spring (s.):

Grains in Gallon. Gramsin Litre.

BIlIea o datvameniats oot i e, (8i0,) 3.6214 0.0620
ATuminga - vse i as as -~ (AlgQ5) 4.7429 0.0812
3 B 1 e vl R o (Ca0) 87.8836 1.5046
Magnesiathieriiaa b g oo (Mg0) 62.4753 1.0696
POLARSN T St e LG oL meete (K,0) 9.1529 0.1567
S e E e T (N2,0) 684.7754 11.7236
Chlorine: ccccevovvasonio aoe ((82)) 938.9757 16.0756
Sulphur Trioxide.......... (80;) 62.9718 1.0781
Carbon Dioxide....«......(CO,) 22.9865 0.3935
Water in combination.....(H,0) 4.7018 0.0805
1882.2873 32.2254
(03 7 = (0 211.7420 3.6251
Mineral matter.... ........ 1670.5453 28.6003
Fixed residue,.........c.0 1654.3503 28.4035
Spec. Gravity =1.0212
Li present.
H,S present.
United as follows:
Grains in Gallon.
Sillchae ois e dvtany ol .. (8i0,) : 3.6214
Alumina... .. ATVt o aras olare (A1,0,) 4.7429
Calcium Bicarbonate.... .. (CaH,(CO3),y) 42.3161
Calcium Sulphate......... (CaS0,) 107.0521
Calcium Chloride.......... (CaCly) 57.8236
Magnesium Chloride. ..... (MgCl,) 148.3683
Potassium Chloride..... .. (KCI) 14.5074
Sodium Chloride..........(NaCl) 1292.1135
Mineral matter............ 1078.1596

THE CAMP CREEK GROUP OF SPRINGS (W.).

Location and Character. The first group met on the Salt
Fork river occurs near Napton. The Camp creek group of
sulpho-saline springs is located in the southeast quarter of section
28. The various springs flow immediately from alluvial clays,
the underlying rock being, probably, limestone. The springs
are a dozen or more in number, which, flowing together, consti-
tute the ¢ Salt branch ’” of Camp creek. They are all sulpho-
saline. They are included in about five acres of ground, .within
which area they are reported to be constantly changing their
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position. Salt was made here quite extensively before the war,
and the posts can still be seen where evaporation was carried on. Salt made from
In the northwest quarter of section 34 occurs a slightly saline 3
sulphur spring, the water of which is reported to have medicinal
properties.
East of Marshall, near the Salt Fork, occur two or three salt
seeps which were formerly good sized springs; and about one
and a half miles east of town, is a neglected bath-house, formerly
supplied with water by a sulpho-saline spring. It is now entirely
abandoned and the spring partially choked up.
On Cow creek, a tributary of the Salt Fork, in sections 24
and 25, T. 51 N., 21 W., a number of sulpho-saline springs are
found belonging to J. Wall and Martin Zimmerman. They are
sulphur springs slightly saline. Those occurring on Wall’s land
have a local reputation. From this point on, up the Salt Fork,
the springs seem to disappear or to assume small proportions.

Results of analysis of Napton Spring water (w.):

Grains in Gallon.  Grams in Litre.

S G s st v a T (8i0y) 0.4731 0.0081
AIBIMINAY Jovme vieenna zcisaids (AL,04) 0.1810 0.0031
IAT00F 1545 o s alare's bista bioiwwats . (Ca0) 101.3355 1.7349
Magnesia «cccesvocecniones (Mg0O) 35.2679 0.6038
Bofda - vconenesine snssvsnes (Na,0) 550.6194 9.4268
FORABRA .« ob s i dRsai sy (K;0) 6.3025 0.1079
Sulphur Trioxide,......... (S0,) 60.1915 1.0305
ORI G es hs s v i (¢ 772.9629 13.2334
1527.3338 26.1485
OXYZeN < s uioivesess sose sivnns (0) 174.1903 2.9822 Analysiz.
Fixed residue......cc..... 1353.1435 23.1663

Spec. Gravity =1.0174
Contains HsS8.
United as follows:

Grains in Gallon.

Bllica s sisavessisioe wwo s (8i0,) 0.4731
Alumings: oo doetoonionien (Al,04) 0.1810
Calcium Sulphate......... (CaS0y) 102.3255
Calcium, Chloride......... (CaCl,) 117.3459
Magnesium Chloride......(MgCl,) 83.7611
Potassium Chloride........ (KCI) 9.9901
Sodium Chloride.......... (NaCl) 1039.0722

Migeral matter......cees . 1353.1489
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THE GREAT SALT SPRINGS (W.).

Location and Character. On tra

veling up the Salt branch, a

small tributary of the Salt Fork, we find about eight and one-

half miles west of Marshall, in secti

ons 17 and 20, T. 50 N., 22

Numerousthangs W, the group known as ¢¢ The Great Salt Springs.”” It consists
principally of two large springs, but there are numerous other
smaller springs and seeps near these two. The largest and at
present the most important is a sulpho-saline spring, now known
as the ¢ Sulphur Spring,”” in the southeast quarter of section 17,
T. 50 N., 22 W., only a short distance south of the Chicago and

are found here.

Alton railway.

Largest flow of
any spring in
county.

Sectiwon thraugh AL
F1G. 5. Plain and section of the great Salt Spring.

It is found in a basin five
feet below the general level
of the alluvial plain. This
basin is nearly circular, about
20 to 25 feet in diameter and
10 to 15 feet deep. The
water flows at a rate of at
least 10,000 gallons per
hour; it is very salty and
deposits sulphur for hun-
dreds of feetalong its course.
This spring is undoubtedly
the largest of any in the
county, but the avea of its
basin is gradually being
reduced by the wash from
the farmed lands around it.
Salt was made here formerly
in considerable quantities.

The other of these two large springs, situated in the northeast
quarter of section 20, T. 50 N., 22 W., is a salty spring, with
very little, if any, sulphuretted hydrogen present, distinguished
as the ¢ Salt Spring.”” In marked contrast to the Sulphur
spring is this one, the flow of which cannot exceed 200 gallons

Shallow and per hour, although occupying a basin 25 feet in diameter and 7

deep springs.
feet deep. The temperature of the

water of this spring was 36°
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F., that of the air being 20° F., while at the Sulphur spring the
thermometer registered 57.2° K., with the air at 14.5° F. Roported to-have
In Meek’s report, made twenty years ago, the Salt spring was SRR
given a temperature of 59° F., with a flow at least half as strong i
as that of the Sulphur Spring, and was also 'stated to contain
sulphuretted hydrogen in abundance. There can, thus, be little
doubt but that this spring has changed in character, and this is
probably accounted for by the choking of the spring with mud
and slit in times of flood of the ¢¢ Salt branch.”’
The groups above described embrace the most important
springs in the county and, as will have been noticed, they appear e Al
to be confined to the valleys of the Salt Fork and Blackwater Forkand Black-
creeks. Exceptions to this are, however, a sulpho-saline spring geafeof the
reported to be in the vicinity of Arrow Rock and one in the
vicinity of Miami ; but the writer was unable to visit them.
The constancy in temperature, the regularity of flow, the large
quantity of salts in solution, all tend to indicate that the waters
of these springs have a deep-seated source. ¥rom what depth
and from what formation the water derives the various substances
which it holds in solution is a problem which can only be solved
after further observation in other counties and after a more
comprehensive comparative study. ;
Results of the analysis of the water of Salt Spring (w.):

Grains in Gallon. Grams in Litre.

Silicaze. oo s aee el (Si0,) 0.3914 0.0067

Alina oo sovmsensss sene (Al O5) 0.0993 0.0017

LI . /v ceieie riensin ote ale wialpiane (Ca0) 114.5362 1.9609

Magnesia...o.... Sk (MgO) 43.3986 0.7430

Soda......oe0n sennelinnenes (Na,0) 735.6038 12.5938

Sulphur Trioxide......... (80;) 69.2684 1.1859

ChloTIne /s sinic o desion s ss e (C1) 988.6652 16.9263

Carbon Dioxide...... 3 (C05) 17.9668 0.3076

Water in combination... . (H,;0) 3.6750 0.0629 .

Analysis.

1973.6047 33.7888

Oxygen...... R ()] 222.7991 3.8144

Mineral matter............ 1750.8056 29.9744

Fixed Residue............ 1738.1472 29.7577

Spec. Gravity = 1.0219
HsS present.
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United as follows:
Grains in Gallon.

Silica...... o R (Si0;) 0.3914
Alumina..eccesecececcsoes (AI?O5) 0.0993

Calcium Bicarbonate...... (CaH,(CO,)») 23.0752

Analysis of Sa’t  Calcium Sulphate.........(CaS0O,) 117.7563
Spring water.  cg)cium Chloride. ..-- . ... (CaCl,) 108.2547
Magnesium Chloride......(MgCl,) 103.0718

Sodium Chloride..........(NaCl) 1388.1556

Mineral matter........... . 1750.8043

Results of analysis of water of Sulphur Spring (w.):

Grains in Qallon. Grams in Litre.

Silica. vovim vssavsnee Sethzel (Si02) 0.5140 0.0088
AN <t b S i o . (A1,05) 0.1051 0.0018
Limes  irse s ... (Ca0) 125.5932 2.1502
Magnesia.ccoooeecenosionss (MgO) 48.3168 0.8272
Soda...... A S O B (Na,0) . 754.4762 12.9169
Sulphur Trioxide....... .. (80y) 70.5359 1.2076
Chioine v es b=t st 0k (cn 1030.7862 17.6474
Carbon Dioxide ... .......(COy) 19.3452 0.3312
Water in combination..... (H,0) 3.9570 0.0677

2053.6296 35.1588
OXyEEn iy s o0 b s (O 232.2908 3.9769
Mineral matter............ 1821.8388 31.1819
Fixed residue......c.cee . 1807.7092 30.9486

Spec. Gravity = 1.0227
H,S present.
United as follows:

Grains in Gallon.

L S R O o . (8i0y) 0.5140

ATIMINR (53 volos Fabs 5w (A1,05) 0.1051

Analysis of Calcium Bicarbonate..... + (CaH2(COy)2) 34.6128
Swltl&trlur Spring Calcium Sulphate....... . (CaSO,) 119.9116
154 Calcium Chloride..........(CaCl,) 126.6737
Magnesium Chloride..... . (MgCl,) 114.7525

Sodium Chloride.... . siven(NACD) 1423.7697

Mineral matter............ 1821.3388

THE SPRINGS OF HOWARD COUNTY.

Three sets of muriatic springs have been visited in this county.
Fayette Salt springs, just a short distance south of Fayette,
flows from the alluvium in the bed of a small ¢¢ salt branch *’ as
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shown in the plate opposite this page; the spring area is about
50 feet in diameter and is entirely unimproved. The water is
very salty to the taste and holds a fine mud suspended in it. Just waer carries
a short distance from Fayette are found other similar waters Sar o'
which are unimproved and which do not seem to differ essentially
from the other springs of the county or to be otherwise of

sufficient importance to warrant special analysis of the waters.

THE BOONSLICK SPRING (W.).

Character of Spring. This is a bored well, sunk for the pur-
pose of obtaining a commercial brine, and abandoned after reach- R
ing 1008 feet. The water issues from a 3 inch pipe, sunk 400 of spring.
feet into the rock, and seems to furnish an inexhaustible supply.
The property is not improved, is situated eight miles from
Estill, on the Missouri, Kansas & Texas railway, and is owned by
W. W. Marshall of Boonston, Mo., in the same county. Fig. 1
of Plate III, gives a view of this spring. .
Results of analysis of Boonslick Spring water (s.):

Grains in Gallon. Grams in Litre.

U B A o ety ernie (105 1.0514 0.0180
TNO L e o deie viala e ioists ate b (IORO) 79.0345 1.3531
Magnesi...ooos' smien <o (MgO) 40.7060 0.6969
8008 cerecervereiccesocnsa(Na0) 517.7579 8.8642
Sulphur Trioxide.......... (S0y) 67.7734 1.1603
Chlorine..... e Sleivenie (CD) 705.2248 12.0737
1411.5480 24.1662
OXFRON o viovioe oo st onena .(0) 158.9220 2.7208
Fixed residue........cveun 1252.6260 - 21.4454 .
Trace of Li.

Trace of Br.
Spec. Gravity —1.0168
Contains HsS.

United as follows: Analysis.
Grains in Gallon.
Silica.eceseevenannns ee o000 (810,) 1.0514
Calcium Sulphate.. .......(CaSO,) 115.2149
Calcium Chloride..... ve 000 (CaCly) 62.6228
Magnesium Chloride......(MgCl,) 96.6767
Sodium Chloride......... . (NaCl) 977.0602

Mineral matter.. cc.c.ov... 1252.6260
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THE GLASGOW MINERAL SPRING (W.).

This spring is owned and operated by Mr. R. S. McCampbell.
It is situated in Glasgow, on Bear creek near the Chariton county
line. It possesses a very weak flow. Near it is located a bath
house with six rooms, in which hot and coald baths are pro-
curable. The ¢¢ Glasgow hotel’” has 70 rooms and, with bath
houses and privale cottages, represents an investment of several
thousand dollars. A circular is issued in which the water is rec-
ommended as beneficial in sciatica, mild paralysis, dyspepsia, etc.

Results of analysis of Glasgow Mineral spring (w. & R.):

Grains in Gallon. Grams in Litre.

Bilica st iihy L haatia s (Si0,) 0.4439 0.0076
Alumina........ AT .- (AL,05) 0.0175 0.0003
TGS+ 5 s o Sk T =i4s (Ca0) 53.3809 0.9139
Magnesia........ ceven.... (MgO) 34.4970 0.5906
Potassa ..... ity e als .- (K,0) 4.5151 0.0773
T T A S R e (Na,0) 440.6041 7.5433
Sulphur Trioxide..... +e++(803) 41.8438 0.7164
Chlorine. . ... ke sewvinee(CD) 599 7481 10.2679
Carbon Dioxide.......... .(CO,) 8.7323 0.1495

1183.7827 20.2668
() 37145 R ¥ e st oA (0) 135.1549 2.3139
Mineral matter.....s...... 1048.6278 17.9529
Fixed residue....c..oc..... 1039.8955 17.8034

Spec. Gravity = 1.0142
H,S present.
United as follows:
Grains in Gallon.

Silicds e s b s T (8i0,) 0.4439
Alumingi. sttt (A1,04) 0.0175
Calcium Sulphate......... (CaS0,) 71.1345
Calcium Chloride......... (CaCly) 47.7500
Magnesium Chloride...... (MgCl,) 81.9303
Sodium Chloride. ... .....(NaCl) 831.4624
Potassium Chloride....... (KCl) 7.1569
Carbon Dioxide..... von s an (COZ) 8.7323
Mineral matter......ooaeuee 1048.6278
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