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QUALITY OF THE WATER SUPPLIES OF KANSAS.

By Horatio NEWTON PARKER.

INTRODUCTION.

The variety of uses to which water is put by man has increased
with the evolution of the race. Uncivilized people used water
chiefly for drinking, cooking, and cleansing, and the very little
necessary to suflice them could be found in all except the arid regions.
When men became herdsmen, roving from place to place with their
animals in search of good grazing, more water was needed; wherever
the water supply was short various devices were adopted to conceal
wells, and many bitter feuds rose out of disputes over water supplies.
Later, when men adopted permanent abodes and became farmers,
came the additional need of water for irrigating crops; the develop-
mené of mining created another use for water; and finall> came the
complex life of the modern city, which demands water for & multitude
of uses besides slaking thirst, washing, and cooking. To supply the
necessities of a twentieth century city a public water supply must
be both sufficient in quantity and of satisfactory quality. An inade-
quate supply tends to foster habits of uncleanliness, hampers indus-
trial development, and exposes a city to the danger of destruction
by fire. The quality of the water of a public supply ma;” be as im-
portant asits abundance, though for some uses quality is unimportant.
For fire protection salt water does as well as fresh, but for many other
uses to which water is put its character is of prime importance. For
example, so many ravaging epidemics of Asiatic cholera and typhoid
fever have been traced to polluted water that it is now recognized
that water defiled by human excrement is unsafe to drink because at
all times it is likely to contain the germs of disease. Water used in
washing wool must be soft in order that the wool may not feel harsh.
Soft water, also, must be used to wash goods that are to be dyed in
order that they may take the dyes evenly. In laundering, hard
waters are most undesirable because they consume a great deal of
soap and because clothes washed in them are not bright and white.
In locomotive and stationary boilers the quality of water used is of
the utmost importance, for some waters corrode them and others

9



10 QUALITY OF THE WATER SUPPLIES OF KANSAS.

deposit in them a scale which by reason of its nonconductivity
increases the coal consumption and also renders the boiler liable to
explosion. These are but a few examples of the industries which
might be mentioned in which the quality of water used is a factor in
determining the grade of goods and the cost of their production.

A public water supply may be developed from either surface or
underground sources. In the United States more public water sup-
plies are derived from ground water than from impounded surface
waters or from flowing streams; but the total consumption of water
in cities using ground water is far less than in those using surface
waters. This is because ground-water supplies sufficient for a large
city are available only in exceptional localities, and growing cities
must therefore in time seek supplies from surface waters.

The best surface-water supplies are those that are collected in
large reservoirs on catchment areas that are sparsely populated and
that are guarded by sanitary police. Under such conditions pollu-
tion is reduced to a minimum, and while the water is held in the big
storage reservoirs its suspended matter settles out, it is bleached by
the sunlight, and the pathogenic bacteria that it may carry are
reduced in numbers by sedimentation, insolation, and other factors.
Water supplies of this kind rank amongst the safest, yet it seems
impossible to protect them against chance pollution, and some of
the most disastrous epidemics of typhoid fever that have occurred in
this country originated on drainage areas that were believed to be
perfectly guarded from contamination.

The worst surface supplies are those that take the unpurified water
of rapidly running streams whose drainage areas above the intake of
the waterworks are thickly populated. Such water is too polluted to
be safely potable, and it is likely to be so impaired by trade wastes as
to be inferior for use in the arts and industries.

It is evident, therefore, that an ample supply of good water is not
easy to obtain. Consequently water has a money value which is
small in some regions but is greatly enhanced wherever scarcity of
rainfall, unfavorable geological conditions, a dense population, or
unrestrained pollution makes the competition for water keen. So
great is the value of water in some sections of the country that cor-
porations have secured control of the best sources of supply, and
municipalities have spent immense sums of money in procuring
waters. In one State, at least, the burden of procuring water sup-
plies in its most densely populated section has been deemed too
great for the cities to shoulder, and the State itself hes developed a
comprehensive plan for providing water for the cities and a part of
the works are already in operation. Amnother State, re~ognizing that
its plenteous water supply might be made a factor in attracting
capital and in other ways making its cities prospereus, has passed a
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law prohibiting the piping of its natural waters outside of the State
boundaries. In fine, water is a great natural resource with a con-
stantly increasing value.

To take account of this asset of the State of Kansas has been the
object of this investigation. Measurements of the quantity of water
flowing in the larger rivers of Kansas were carried on by the United
States Geological Survey through a period of years and a summary
of the records at each river station is published in the appropriate
place in this paper. To determine the quality of surface waters,
sampling stations were established as follows:

Sampling stations on Kansas rivers.

River. Sampling station. Collector. Period.

S | I
Arkansas.......... Deerfield.............. C'ha,s go (l}eordon """" - }Dec. 11,1906 to Dec. 2, 1907.

Do Great Bend........... {é‘ LI{“ srosehorough... - iNov. 26, 1906, to Dec. 7, 1907.
Arkansas City ..| A. L. Newman.... .| Dec. 7, 1906, to Dec. 10, 1907.
Big Blue ........... Manhattan. .. -| Ed. Marksheffei. -} Dec. 19,1906, to Dec. 20,1907,
Chikaskia........... Argonia.. ..} E.McCann...... .| Nov. 30, 1906, to July 5, 1907.
Cimarron........... Englewood ..} Geo. Berends. .. -] Nov. 30, 1906, to Nov. 30, 1907.
Cottonwood........ Emporla. .. .| John M. Hilton. .| Dec. 4,1906, to Dec. 3, 1907.

..] C. G. Hart......
..| Geo. Harmon. ..
.. J.J. Carroll ... .
..| E. W. Johnson..
-.| Jas. Burton. ..

Lou Bedwell. .
“*\R. L. Vanduse
E. M. Purdue.
Frank A. Baco
Nelie Nafus. .

-] Jan. 4 to Jun+ 28, 1907,

-| June 12 to Nov. 29, 1907.

. July 1,1907, to June 10, 1908.
.| Dec. 29, 1906 to Dec, 31, 1908,
Feb. 1, 1907 'to Feb. 1, 1908.

}Jan. 22,1907, to Sept. 11, 1907.

Oct. 4, 1906, to Oct. 21, 1907.
Dec. 5, 1906, to Dec. 5, 1907.
Dee. 11, 1906 to Dec. 9, 1907.

Delaware.... ... .. ITY . ... ..
Do Valley Falls
Neodesha. .
Holliday...
Fort Scott. .

Kiowa.......

.| Kansas City
.| Emporia
.| Oswego

Boicourt. .| J. W, L. Gra} Nov. 29, 1906, to Nov. 30, 1907.
Prairie Dog Creek...| Long Island........... Kmﬁkﬁx?ﬁe - - }Dec. 6, 1906, to Dec, 4, 1907.
Republican. . _...__. Junection...... ..| J. H. Rathert..... .| Nov. 26, 1906. to Sept. 10, 1907.
Saline.............. Sylvan Grove ..t Edw. Buehring... .| Nov. "7 1906, to Nov. 20 1907.
Sappa Creek........ Oberlin. ... ..] C. 8. Maddox..... .| Nov. 28 10(% to Jan. 9, 1907.
Smoky Hill....._... Lindsborg -| P. E. Gibson.. .| Nov. 27 190( to Nov. 29, 1907.
Solomon. ........... Beloit........ AT, Rodgers_. .t Dec. 1, 1905, to Dec. 5, 1907,
Spring.............. i Baxter Sprmgs R .| Paul E. Mason.. -| Dec. 1, 1906, to Nov. 30, 1907.
Verdigris........... Coffeyville. . . D.M.Blair............... Dec. 11, 1906 to Dec. 10, 1907.
jalnut............. Winfield.............. Winfield Roller Mill & | Dec. 1,1906, to Nov. 26, 1907,

Elevator Co.

At each of these stations there was collected each day a 111 cubic
centimeter sample of water, which was sent to the University of
Kansas at Lawrence. There the samples for each 1C successive
days were combined into a single composite sample, which was
analyzed. The quality of the minor affluents was approximated by
water assays that were made in the field by representatives of the
United States Geological Survey, and the quality of the ground waters
of the State was determined by analyses and assays. To find out
how fully and how wisely the waters of the State had been utilized,
the public water supplies were investigated, and the sewerage and
methods of disposing of offal in the cities were looked into in order
that the injury done to surface and underground water by sewage
and other wastes might be known. In connection with these studies
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samples ‘of water were tested at the University of Kensas for the
presence of Bacillus coli.

This report, which presents the results of the investigation, also
describes briefly the salient features of the geology of the State in
order that its relation to the water supply may be understood.

The field work covered the period from October 5, 1906, to Feb-
ruary 9, 1908.

It is believed that although the details of certain areas yet
remain to be worked out, the fundamental facts concerning water
supplies in Kansas are fully set forth.

ACKNOWLEDGMENTS.

The investigation of the quality of Kansas waters was prosecuted
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carry the work to a successful conclusion, the facilities of the chemical,
bacteriological, engineering, and geological departments of the uni-
versity were made available. In the chemical laboratories, under
the direction of E. H. S. Bailey, F. W. Bushong, Archie J. Weith,
and others analyzed the composite samples from the 23 sampling
stations on the principal streams of the State. In the bacteriological
laboratories, under the direction of M. A. Barber, W. A. Stearin
tested for the presence of Bacillus coli samples of water which were
forwarded for examination from the many public water supplies of
the State by an engineer of the United States Geological Survey.
In the department of civil engineering F. O. Marvin wes often con-
sulted, and W. C. Hoad, in his capacity as sanitary engineer of the
State board of health, supplied descriptions of waterworks and sewer-
age systems that were built after field work by the United States
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Geological Survey was closed. In the department of geology Eras-
mus Haworth, State geologist, gave valuable assistance. As State
geologist he granted permission to have copies of the geologic map
of the State that was prepared under his direction, and that appears
in this report, struck from the stone owned by the Kansas Univer-
sity Geological Survey. Attention should be called to the fact that
although the State geologist has permitted the map to appear with a
slightly different legend from that prepared by him, hiv approval
of the changes is not necessarily implied.

The chemical analyses in the section of this report that treats of the
quality of ground waters are almost wholly the work of industrial
chemists who have generously given their work for publication. For
this liberality particular thanks are offered W. A. Powers, chief
chemist of the Atchison, Topeka & Santa Fe Railway; M. Miller,
superintendent of water service, Missouri Pacific Railway; N. F.
Harriman, chemist and engineer of tests, Union Pacific Railroad;
J. B. Berry, chief engineer of the Chicago, Rock Island & Pacific
Railway; T. E. Calvert, chief engineer, and M. H. Wickhorst, engi-
neer of tests, of the Chicago, Burlington & Quincy Railroad; C. R.
Gray, second vice president of the St. Louis and San Francisco Rail-
road, and the Kennicott Water Softener Co. The analyses by these
chemists and by others were stated in hypothetical combinations
and have been recalculated to the ionic form in the offices of the
United States Geological Survey.

In the summer of 1905 Edward Bartow and a representetive of the
United States Geological Survey made many water assays in the val-
leys of Verdigris, Spring, and Neosho Rivers, and these assays appear
in this report. All the water assays that are published in this vol-
ume were made by I. N. Parker, of the United States Geological
Survey, unless it is specifically stated that they were made by sonie
one else.

The stream flow data that appears in this report was compiled
from the records of the United States Geological Survey by R. H.
Bolster.
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the investigation and helped through their secretaries, W. A. S! Bird
and James D. Nicholson. J. W. Berryman, of Ashland; C. L. Becker,
of Ottawa; W. E. Hutchinson and O. I.. Helwig, of Garden; W. W.
Cockins, jr., of Crooked L ranch, Meade; C. D. Perry, of Claremont
ranch, Englewood; W. E. Sweezy, of Junction; and B. F. Eyer, of
Manhattan, have all assisted in different ways. A. T. Rodgers, of
Beloit; C. S. Maddox, of Oberlin; A. L. Newman, of Arkansas City;
the Winfield Roller Mills & Elevator Co., the St. Louis & San Fran-
cisco Railroad, and the cities of Coffeyville, Fort Scott, Junction,
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Manhattan, Oswego, and Valley Falls maintained daily sampling
stations for the United States Geological Survey at their own expense.
It is impossible to give credit to all who have supported the investiga-
tion of the quality of Kansas waters, but the spirit in which the study
was welcomed contributed to whatever degree of success has been
attained.

REMARKS ON CHEMICAY ANALYSES OF WATER.

Water has been called the universal solvent, and though the state-
ment is somewhat exaggerated, most substances of common occur-
rence yield to its solvent action. Some things water dissolves very -
quickly, but others succumb to its attacks so very slowly that it is not
apparent that solution is being effected.

Rain and snow in the act of falling, before they have come in con-
tact with the earth, are water in the purest state known in nature;
but even such water is not absolutely pure, for in falling from the
clouds the water dissolves from the atmosphere certain gases, such as
carbon dioxide, and certain mineral substances, such as chlorides,
derived from the dust which is wafted high into the air by the wind.
Rain water, indeed, exhibits great differences in quality, for that
which falls in the clear atmosphere of a high mountain peak is decid-
edly purer than that which falls through the smoky, dirty airof a man-
ufacturing city. But the amount of inorganic matter dissolved by
rain and snow in falling from the clouds to earth is small, and such
tests as have been made indicate that the total dissolved solids vary
from 2 to 10 parts per million.!

As soon as this very slightly mineralized water reaches the ground
it begins to attack actively the rocks on which it falls. In humid
regions most of the readily soluble salts are washed out cf the ground,
and as the surface water does not remain long in contact with the
soil it does mot become highly mineralized. In such regicns, therefore,
the surface water is as a rule softer than that from wells and springs.
In arid regions and in regions where rainfall is markedly deficient the
processes of rock weathering keep pace with the leachirg of the soil,
and the easily soluble salts accumulate as fast as or faster than they
are removed by water; hence when rain does fall that which runs
off over the surface is very nearly as highly mineralized as the ground
water. The water of springs and wells is likely to be hard, as it is
derived from that portion of the rainfall which sinks into the ground
and circulates so slowly through the rocks that solvent action is
exerted for a long time; and unless the region comprises chiefly
granitic and other igneous rocks very resistant to solution, the water
may pick up considerable mineral matter, for most sedimentary rocks

1 Richards and Woodman, Air, water, and food, p. 197.
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yield readily to solution. Temperature and pressure are also factors
that in a measure determine the vigor of the solvent action of water.

The ability of wager to dissolve limestones and some other rocks
is increased by its absorption of carbonic acid in passing through the
upper layers of the soil, where the decomposition of organic matter
is in process. Such rocks are very effectively attacked, as is shown
by the caves and underground passages found in many limestone
regions. Some of the “sink holes” in the Kansas prairies have been
caused by the subsurface solution of the limestone beds which allowed
the land above the solution cavities to fall in.

The amount of erosion and chemical denudation accomplished by
the circulation of water is very great. Some inkling of its importance
may be had from studying the tables which show the amount of
matter transported by the Kansas and other streams. (See espe-
cially tables on pp. 243-247.)

In presenting the results the terms “hard”” and “‘soft’ are applied
to waters, and the several constituents are said to be low, moderate,
high, or great. Such descriptive words are used in a purely relative
sense and from the point of view of the Kansan. Most of the waters
of the State are excessively mineralized as compared witl the soft
waters of New England, but this fact is unknown to the average citi-
zen of the State, or at least he does not use the New England waters
as a standard in grading the waters of his own State. He rates a
water by comparing it with those waters in general use about him
and people in other States do the same. Hence, although in Kansas
and elsewhere the terms cited have a local and somewhet inexact
meaning, they vet convey fairly definite ideas. In Kansas the
waters that are generally called hard contain over 300 parts of HCO,,
or over 40 parts of SO,, in equilibrium with calcium and magnesium,
and in this report this interpretation of the popular term has been
followed. In one other matter the public should be cautioned—that
is, that the words ‘‘fair,” “good,” and ‘‘excellent,” as us>d in this
report in discussing niineral analyses of waters, have no reference
whatsoever to the potability of the waters.

The methods used in making complete mineral analyses of the
samples from the daily sampling stations maintaified by the United
States Geological Survey in Kansas are those described by Dole.!

SIGNIFICANCE OF MINERAL CONSTITUENTS OF WATER.

Mineral analyses of waters are made to determine the character
and amount of mineral matter the waters hold in solution. Ordina-
rily silica, iron, caleium, magnesium, sodium, potassium, carbonates,
bicarbonates, sulphates, nitrates, chlorides, and total dissolved

1 Dole, R. B., The quality of surface waters in the United States, Part I, Analyses of weters east of the
one hundredth meridian: Water-Supply Paper U. 8. Geol. Survey No. 236, 1909 pp. 9-26,
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solids are determined. In the more refined mineral analyses of
waters, such as those of medicinal springs, it is customary to determine

other elements, such as aluminum, arsenic, lithium, and manganese.
" These are usually present in minute amounts and are generally unim-
portant in municipal and industrial supplies, but sometimes even
these rarer metals are significant. There are varieties of Crenothriz,
for instance, which instead of constructing their sheaths of the iron in
the water, as the common variety does, utilize manganese or alumi-
num for sheath building.!

The general import of the common mineral constit'ients of water
are briefly discussed in the following pages, but the reader should
remember that the statements are only broadly true, and that a
chemist with a knowledge of waters of exceptional character would
perhaps modify them.

Silica and carbon dioxide are supposed to be dissolved independ-
ently in water, the silica as a colloid and the carbon dioxide as a gas.
The other constituents are supposed to be in chemical equilibrium,
and the analytical results are expressed in terms of the radicles thus
held balanced in solution. The radicles are iron (Fe), calcium (Ca),
magnesium (Mg), sodium (Na), potassium (K), carbonate (CO,),
bicarbonate (H(CO,), sulphate (SO,), nitrate (NO,), and chlorine (C1).
The many analyses made by chemists not connected with the United
States Geological Survey originally expressed the constituents as
being in hypothetical combination; but for the sake of uniformity
such analyses have been recomputed in the offices of the Survey to
the form of statement here adopted.

Carbon diozide (CO,).—Free carbon dioxide is reported in but few
of the analyses that appearin this report for the reason that in the
course of the analytical work only a few tests for it were made. The
determination of carbon dioxide should always be made in the field,
because the amount contained in a sample of water changes almost as
soon as the water is collected.

The presence of much carbon dioxide in a water promotes the
growth of microscopic organisms ? and also effects the solution of lead,
zine, and copper from service pipes.?

t Jackson, D. D., A new species of C'renothriz: Trans. Am. Micr. Sec.,vol. 23,1901, pp. 31-39; The precipi-
tation of iron, manganese, and aluminum by bacterial action: Jour. Soc. Chemical Industry, vol. 21, 1902,
pD. 681-684; Crenothriz as a source of trouble in public water supplies: Eng. News vol. 48, 1902, pp. 175~
176.

2 Whipple, G. C., and Parker, H. N., On the amnount of oxygen and carbonic acid dissolved in natural
watersand the effect of these gases upon the occurrence of microscopic organisms: Trans. Am. Micr. Society,
vol. 23,1901, pp. 103-144.

3 Clark, II. W', An investigation of the action of water upon lead, tin, and zine, with especial reference to
the use of lead pipes with Massachusetts water supplies: Thirtieth Ann. Rept. Massachusetts State Board
of ITealth, pp. 542-585; Continuation of an investigation of the action of water upon metallic or metal-lined
service pipe, and methods for the separation and determination of metals in water: Thirty-second Ann.
Rept. Massachusetts State Board of Health, 1900, pp. 487-506.
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Silica (SiO,).—Silica is present in most waters only in small
amounts and it is usually regarded as a constituent of minor impor-
tance. In boiler waters it is an incrustant, however, and W. P.
Headden * has noted that in some slightly mineralized waters which
contain much silicic acid the silica forms considerable quantities of
scale. In one boiler, which had been in service four years and had
been fed with artesian water, the incrustation formed on the tubes
was one-fourth of an inch thick and consisted of silicic acid and lime,
76 per cent of the former and 24 per cent of the latter, including a
small amount of alkalies. Siliceous deposit has also been observed in
steam pipes and vacuum pans in sugar refineries.

Iron.—Tron, if found at all, is present in most natural waters only
in small amounts, but waters contaminated by certain mine drainage
and by certain industrial wastes carry very considerable quantities of
iron. In some mineral springs iron is the constituent which imparts
a medicinal value to the water, but ordinarily it is undesirable. A
half part per million is detectable by taste and more than 4 or 5 parts
make a water unpalatable. More than 2.5 parts per million in water
used for laundering makes a stain on clothes. Iron must be removed
from water from which ice is made or a cloudy discolored product will
result. Aniron content of over 2 or 3 parts per million in water used
in the manufacture of paper will stain the paper. Iron is harmful in
water used for steaming, for it is in equilibrium with acids which
inside the boiler become dissociated, with the result that the free
acids corrode the boiler plates; but the amount of iron carried in
solution by most waters is so small that the damage it does to steam
boilers generally amounts to little. In Kansas iron is found in some
waters from the fluviatile deposits of Kansas River and in waters
from coal and zinc mining regions, and it is sometimes present in
other waters of the State. .

Waters having high iron content have in some places caused an
immense amount of trouble and expense when used as city supplies,
for they favor the growth of Orenothriz to such a degree that the
water pipes become clogged with the iron sheaths of the organism.
The removal of iron from water is sometimes easy and sometimes
very difficult. The processes for effecting the removal of iron have
been carefully described by R.S. Weston.?

Aluminum.—Aluminum is usually present in water in such small
amounts that it is unimportant save therapeutically. In steam
boilers it forms an insignificant amount of scale.

1 Brown artesian waters of Costilla County, Colo.: Am. Jour. Sci., 4th ser., vol. 27, No. 160, p. 310.
2 Am. Chemist, vol. 4, 1874, p. 245.
3 The purification of ground waters containing iron and manganese: Proe. Am. Soc. Civi' Eng., vol. 34,
Pp- 1324-1393.
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Calcvum.—Caleium 18 the principal scale-forming constituent in
water. In carbonate waters it forms soft scale in boilers. But it
may be partially removed from such waters by the addition of lime.
In sulphate and carbonate-sulphate waters calcium forms hard scale.
These waters are often treated with soda ash to remove the calcium.
Both carbonate and sulphate waters containing calcium are some-
times treated in a preheater to remove the caleium. The heating of
carbonats waters containing calcium results in the precipitation of the
calcium as calcium carbonate, as the carbonic acid wlich holds the
caleium in solution is driven off. The heating of sulphate waters
carrying calcium results in the precipitation of the calcium as cal-
cium sulphate, which is less soluble in hot than in cold water. Waters
high in caleium and chlorides are apt to be corrosive to steam boilers.
Waters containing calcium, carbonates, sulphates, and also sodium
are in a measure self-corrective, the precipitation of calcium sulphate
(hard scale) being largely or even wholly prevented. The behavior
of such waters in boilers is difficult to predict, for in actual use they
may form a sufficient quantity of hard scale to make trouble, or they
may cause foaming.

Calcium is one of the soap-consuming elements in water, and
therefore waters with high content of calcium are expensive in the
‘household and laundry because they increase the soap bill.

For several other reasons it is important to know the calcium
content of waters. In the salt industry, for ihstance, sulphate
waters high in calcium must not be used to extract salt from the
ground, for the salt evaporated from such waters will cake so hard
that it is an inferior and sometimes an unsalable product.

Magnesium.—Magnesium is present in waters that contain caleium
but usually in smaller quantities. From carbonate weters in steam
boilers magnesium is precipitated as magnesium carbonate or oxide
which forms a scale. The other salts of magnesium are soluble and
of themselves do not form scale, but in sulphate waters in which cal-
cium is present they do. Sulphate waters containing caleium and
magnesium form a very dense, porcelain-like scale, whereas carbon-
ate waters carrying calcium and magnesium form a friable scale that
is very easily removed. Waters containing nitrates, chlorides, or sul-
phates, and considerable quantities of magnesium are likely to corrode
boilers.

Sodium and potassium.—In most of the analyses in this report
sodium and potassium are not reported separately, it being the
belief of the chemists that the amount of potassium is generally so
small that it is unimportant except possibly therapentically. As
sodium is a constituent of common salt the waters of saline springs
and wells are high in this element.

-
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Carbonate and sulphate waters carrying large amounts of sodium
and potassium together with considerable calcium and magnesium
are likely to cause foaming in boilers, because in such waters precipi-
tates of calcium and magnesium carbonates and of calcium sulphate
are likely to form, and the fine particles of these precipitates serve
as points from which steam is liberated. Sulphate and chloride
waters high in sodium may act corrosively on boilers, but this tend-
ency is not believed to be as great as in those sulphate and chloride
waters in which the magnesium content is high or as in those chloride
waters having high caleium.

Bicarbonates—Many tests by water assay of the ground and surface
waters of Kansas indicate that carbonates occur but seldom and only
in small quantities. The analyses of the composite samples of sur-
face waters at the chemical laboratories of the University of Kansas
point to the same conclusion, but these analyses and the assays show
that bicarbonates are always present and frequently in large amounts.

Carbonates.—In recomputing analyses to the form of statement
adopted in this report, the calcium, magnesium, sodium, and other
carbonates that appear in the results have been converted to the
proper metallic radicle and the radicle CO; because it is impossible to
tell whether there were really some normal carbonates in the water
or whether, as is most likely, only bicarbonates were present.

Sulphates.—In Kansas, sulphates are common in ground waters
from the Blue Rapids, Gypsum City, and Medicine Lodge gypsum
areas, in the waters of wells and springs that tap the gvpsiferous
shales of the Dakota, in the water of shallow wells that tap the
“‘underflow’ of Arkansas River, in the water of streams that are
cutting through the coal-measure shales, in the waters from wells
sunk in these shales, and in the waters of streams that are contami-
nated by actd mine waters from coal and zinc mines. The quality
of these sulphate waters varies according to whether calcium, magne-
sium, or sodium is predominant. Sulphate waters higher i calcium
than magnesium and sodium come from the gypsum areas, the coal-
measure shales, the gypsiferous shales of the Dakota, and the mining
regions. These waters are commonly called ‘“‘gyp”” waters, and are
disliked because of their hardness and because they form hard scale
i boilers. Those sulphate waters in which sodium is present in
greater quantity than the calcium and magnesium are often found
in the shallow wells that derive their water from the ‘“‘underflow’ of
Arkansas River. These waters locally are called ‘‘alkali” waters,
and are so laxative as to be most unpleasant to those unaccustomed
to their use. Moreover, they are apt-to cause foaming in steam
boilers.

Chlorides.—The chlorides in Kansas waters are mostly derived
from the solution of common salt which is widely distributed through
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the State. (See pp.45-49.) Most of the chlorides in the streams and
wells probably come from the solution of saliferous shales which are
of common occurrence. The quantity of chlorides car-ied by Kansas
waters varies from the very small amount in the waters of the arte-
sian wells at Meade, to the very large amounts in the flowing salt
well at Larned and in other salt wells. The distribution of salt in
Kansas is so irregular that it does not appear possible to construct a
normal chlorine map of the State.

Volatile and organic matter.—Nearly all waters contain organic
and volatile matter. Spring and well waters usually carry only
small amounts. Some ground-water analyses by unnamed analysts
show such large quantities of this matter as to arouse the suspicion
that the heading ‘“volatile and organic matter’” conceals losses in
the analyses.

Total dissolved solids.—Total dissolved solids are determined by
evaporating a measured quantity of water to dryness on the water
bath.

Hardness.—The hardness of water is of two sorts—temporary and
permanent. Temporary hardness is due to calcium and magnesium
in equilibrium with carbonates and bicarbonates. Most of the tem-
porary hardness, but not all of it, can be removed by boiling. In
many Kansas waters the temporary hardness is very great and the
waters in which it is not marked are few. Permanent hardness is
due to sulphates, chlorides, and nitrates of calcium and magnesium;
these compounds are held in solution by the water iteelf. This sort
of hardness may usually be partially removed by adding certain
chemicals to the water, and sulphate waters with a high calcium
content may be partly softened by heating.

CLASSIFICATION OF WATERS.

All natural waters are more or less impure; that is, they contain
in solution substances of different kinds and in widely varying
amounts, and the quality of any water is determined largely by the
properties of the materials which it holds in solution.

Carbonates and bicarbonates of the alkalies and elkaline earths
are common constituents not only of water which flows over the
land, as rills, rivulets, rivers, and fresh-water lakes, but also of
nearly all underground waters. Solutions of the carbonates and
bicarbonates are hydrolized by the water and the hydrolized products
impart to the water an alkaline quality.

Sulphates, chlorides, and nitrates of the alkalies and alkaline
earths, also present in natural waters, are not affected in this way,
so that they impart a saline quality to the water in vhich they are
dissolved.
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A classification of natural waters, based upon these considerations,
is simple. A water in which the carbonates and bicarbonates ex-
ceed the sum of the sulphates, chlorides, and nitrates may be desig-
nated alkaline; a water in which the sum of the sulphates, chlorides,
and nitrates exceeds the sum of the carbonates and bicarbonates is
essentially a saline water.

Besides alkaline and saline waters, there are acid waters. 11lost acid
waters are abnormal, being produced by man in his practice of
certain manufacturing and other industries. Thus from dye works,
tin-plate works, and galvanizing works, highly acid effluents escape
into the stream and convert waters that are naturally alkaline
into waters that contain much free acid. Likewise, the water that is
drained or pumped from certain mines, such as coal, zine, or iron
mines, s so acid that it often makes the alkaline water of a stream
into which it flows decidedly acid.

In naming waters, the prominence of any basic radicle is indi-
cated by prefixing the name of the base to the regular class name,
as calcic, magnesic, alkaline, or, sodic saline, but the nomenclature
takes account also of the chemical equivalents of the radicles, the
amounts of which are expressed in parts per million of water.

Chemical equivalents.
(Oxygen=16.)

L0 20
M i 12
(Na K)o 23
L 30
5 61
1 1 48
O 62
Lo 35.5

The chemical ratio of any two radicles present is the quotient of
their amounts in parts per million divided by their respective
chemical equivalents.

" TOPOGRAPHIC FEATURES OF KANSAS.!

Kansas is a part of the great plain which extends from Mississippi
River to the Rocky Mountains. Its northern and southern bounda-
ries stretch 400 miles east and west; its eastern and western reach
200 miles north and south; and its exact area is 82,158 square miles,
or somewhat greater than the combined areas of the six New England
States, Delaware, Maryland, and the District of Columbia.

The east end of Kansas has an average altitude of approximately
850 feet. Bonita—about the highest point—being 1,075 feet above
sea level. Altitudes along its western boundary rise and fall slightly

1 Abstracted from Kansas Univ. Geol. Survey, vol. 1, pp. 9-15.
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from north to south, but hold close to an average of 4,000 feet above
sea level. The north and south boundaries have approximately equal
elevations, although the increase in height westward is more rapid
along the northern side than along the southern. West of Independ-
ence the southern line crosses the Flint Hills, which raise the elsvation
to 1,700 feet, from which it declines again to 1,066 feet at Arkansas
City, whence it rises gradually. Ths lowest point in the State is at
the Missouri Pacific Railway depot in Coffeyville, where the elevation
is 734 feet. Thus it appears that the general slope of the State is to
the east and, consequently, most of the streams flow sastward, but
numerous diversions from this course are caused by local flexures and
by the character of the materials in which the stream channels are
eroded. Thus the streams in the northwestern and northeastern cor-
ners of Kansas flow northeastward, those in the southeastern corner
flow southwestward, and still others have southeasterly or southerly
course. The great incline of the surface as a whole, which, from west
to east, for the whole State averages nearly 8 feet to a mile, gives to
many of the streams considerable current. In the western part of
the State some of the streams have scarcely reached base level, while
in the eastern part they have broad level valleys filled in from 20
to 60 feet with alluvial material.

The Flint Hills,! which occupy approximately the southern part of
Chase County, the western border of Greenwood, Elk, and Chautau-
qua counties, and the eastern portion of Butler and Cowley counties,
contain the headwaters of a number of streams.

Fall River, Elk River, and Big Caney Creek, tributaries of Verdi-
gris River, have their sources in many small streams on the eastern
slope of Flint Hills; Cottonwood River, a tributary of the Neosho,
sweeps in a broad curve around the northern end of the hills; the South
Fork of the Cottonwood heads in them, and the main Cottonwood
receives tributary drainage from them. The streams on the west
flank of the hills empty into Walnut River. In their southern por-
tion Grouse Creek, flowing in a general southwesterly direction, divides
the hillsinto two ridges, of which the eastern is known as Big Flint Hills
and the western as Little Flint Hills. The hills trend in a general north
and south direction, the ridge being indicated on the rmap by the sig-
nificant names of the towns of Grand Summit, Beaumont, Summit,
and Flint Ridge. In their highest parts they are 1,550 feet above sea
level. The Flint Hills owe their contour wholly to erosion, the strata
lying in nearly horizontal positions, with a dip to the west of 10 feet
to the mile and affording no evidence of disturbance. The hills are
characterized by even terraces and small canyons and gulches.
Along the top of the terraces the several limestone systems of the
region are seen in parallel ridges which are very conspicuous on

1 Kansas Univ. Geol. Survey, vol. 1, pp. 27-29.
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account of the whiteness of the rock. The eastern slope of the hills is
more abrupt, partly because of the slight western dip, but chiefly
because the great shale and sandstone formation, which makes their
eastern base, contains much less lime than the hills themsolves, and
so was much more easily eroded. Big Caney Creek, which flows
nearly parallel to the trend of the hills, has cut off a ridge of this mate-
rial. The hills get their name from the large amount of {lint which
is strewn over the surface in such profusion as to impede travel and
which has been derived by weathering from the limestones.

The State as a whole is an undulating plain, but within it are to be
found valleys 200 feet deep, bluffs and mounds 300 feet high, over-
hanging rocky ledgas, and, in many streams, falls. Altogether, it is
a country of great beauty and interest.

GEOLOGY AND UNDERGROUND WATERS.
GENERAL FEATURES.

Considered as a whole the gaology of Kansasis simple; but its details
are intricate and require careful investigation before they can be
truthfully interpreted. A brief description of the salient features is
given herewith. The principal sources of the information were the
volumes of the Kansas University Geological Survey, the report of
the Board of Irrigation Survey and Experiment for 1895 and 1896 to
the Legislature of Kansas, Professional Paper 32 of the United States
Geological Survey, and occasional papers in the transactions of the
Kansas Academy of Science, in the reports of the State Board of Agri-
culture, and in the Kansas University Quarterly. (See PL. 1)

PALEOZOIC ROCKS.

CARBONIFEROUS SYSTEM.

MISSISSIPPIAN SERIES.

-The oldest rocks found at the surface in Kansas belong to the
Mississippian series and occur in the extrems southeastern corner of
the State in an area not exceeding 30 square miles in extent. The
series consists of dense limestones with interbedded chert ro~ks and of
the residual products resulting from their superficial decay, and it
forms a floor extending indefinitely westward, on which the younger
formations of the State rest. In the eastern part of the State this
floor dips westward, southwestward, or northwestward, and the
superposed strata follow this inclination. This westward dip of the
strata and the eastward slope of the land surface bring one stratum
after another to the surface; but the westward dip continues scarcely
one-third of the distance across the State before it is reversed to the
east. The westward dip is produced by the Ozark Hills; the east-
ward dip is effected by the mighty Rocky Mountain uplift.
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PENNSYLVANIAN SERIES.

Resting upon the Mississippian series, and exposed over the eastern
quarter of Kansas, is the Pennsylvanian series, about 3,000 feet
thick and commonly divided into the “Upper Coal Measures” and
the “Lower Coal Measures.” This series consists of alternating
beds of limestones, sandstones, and shales, the shales making about
four-fifths of its entire thickness. The limestones usually cover
wide areas, extending hundreds of miles laterally, and being only
10 to 100 feet thick, are very thin compared to their lateral extent.
The sandstones vary in lateral extent from a few yards to a few miles—
rarely over 40—and tliey vary in thickuess from a few inches to 50
feet or more. The shale beds extend north and south across the
State and from the east end westward as far as they are known. In
some places they attain a thickness of nearly 300 feet.

The shales of the Pennsylvanian series are almost impervious to
water and rarely yield it in any considerable quantity. Moreover,
the water obtained by drilling in the shales and deeply buried sand-
stones is almost invariahly salty. Tt is useless, therefore, to hope
to get a large supply of good water by sinking wells to great depths
in the Pennsylvanian rocks. The residual materials—clays, gravels,
and sands that overlie this rock series in many places eagerly absorb
moisture, and as they are bountifully fed by rain they afford water
supplies, sufficient and acceptable for domestic use, everywhere in
the eastern part of the State.

PERMIAN (1) SERIES.

Next above the Pennsylvanian series is a series of rocks which have
been called Permian, but which have not been definitely correlated
with the true Pernvan. All that is known is that they are younger
than the Pennsylvanian rocks on which they rest and older than the
Cretaceous rocks which overlie themi. They are expored in a broad,
irregular belt that extends north and south across the State from
the northern boundary above Marysville to the southern boundary
below Arkansas City. This so-called Permian has been divided by
Prosser into the Big Blue ‘““series” and the Cimarron ¢ series.””

The Big Blue ““series’ is made up of shales and limestones. The
shales, bluish gray, buff, or varicolored, contain locally beds of
gypsum, rock salt, and dolomite; the limestones are cherty. The
Cimarron “series” is commonly known as the ‘“ Red Beds” and is
exposed in Kingman, Harper, Barber, the soutliern part of Comanche
and Clark, and the western part of Sedgwick and Sumner counties.
The strong dark-red color of the dominant rocks of this ‘“series”’” is
due to the large amount of red iron oxide that accumulated in the
sands and gravels of which they are composed. In places, as for

1Jour, Geology, vol. 10, No. 7, p. 702,1902.
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matter. The cementing material is calcareous and varies consid-
erably in amount, in some places being sufficient to form a hard
resistant rock, and in others being so deficient that the sandstone is
soft and crumbling. As a rule the calcareous cement is so slight
that the rock is porous and capable of holding and trensmitting
large quantities of water, but where the interstices between the
grains are more nearly filled by the cement water conditions are not
so favorable.

The Dakota sandstone is distributed over the Great Plains gen-
erally and extends westward beyond the eastern range of tl'e western
mountains. Originally it must have covered in the United States
an area 1,000 miles wide by 2,000 miles long. To-day it outcrops
in upturned strata along the western edge of the Great Plains and
along their eastern edge. It is not now possible to fix the original
eastern limit of the Dakota, for large areas of it were removed by
erosion, but remnants are found as far east as eastern ITowa and
Minnesota. The Dakota sandstone is one of the most important
water-bearing terranes in America. It occurs mostly in arid and
semiarid regions and much of it is covered very deeply by younger
formations.

The Dakota slopes from the mountains to the eastward, except
where local swells interrupt the general inclination of the beds.

Water supplies.—The sandstone is almost everywhere water-bearing,
though theré are places where the grains are too closely ceriented, or
are too choked with silt and other impurities that were deposited
originally with the sand, to admit the passage of water. In por-
tions of the State, particularly the northwest, the Dakota is buried
so far beneath the surface that it has not yet been reached by deep
borings. The water which the Dakota carries is.chiefly derived
from rains and snows that fall on its western exposed upturned
edges, though large quantities are evidently supplied it by the North
Platte, Bighorn, Yellowstone, and other streams that cross the
formation. Colonel Nettleton ! has estimated that at the Great
Falls of the Missouri in Cascade County, Mont., as much as 834 cubic
feet a second, or about 1,673 acre-feet a day, are lost by the river, and
it is believed that nearly all of this vast amount enters the Dakota
sandstone. Finally, in areas where the impervious rocls of the
Benton group are absent, and the Dakota is immediately overlain
by the Tertiary deposits, an opportunity is afforded for an exchange
of water between the two formations. How extensive such contacts
are is unknown, but it is certain that they exist in two or three places.

As the outeroppings of the Dakota sandstone in Colorado, where it
imbibes most of its water, are elevated far above the level of the
Dakota in Kansas, the pressure of the wells there that reach. it would

18. Doc. No. 41, pt. 2, 1892, pp. 74-78,
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be very great were it not relieved in many places where streams have
cut deep into the Dakota and also where the rocks outerop at the
eastern margin of the formation. However, the water rises in
practically all of the wells that reach the Dakota and many of them
are flowing. In the Dakotas and some other places artesian waters
from this sandstone have a pressure of 400 pounds to the square inch.

"BENTON GROUP.

The Benton group of rocks extends in a wide belt diagonally
across the State, from Republic into Ford and Finney counties,
where it passes under the Tertiary deposits, reappearing again along
the valley of Arkansas River in Kearny and Hamilton counties.
It consists of three formations. The uppermost is a shale known
as the Carlile shale. Below this is a formation consisting of thin
beds of limestone separated one from another by thin beds of shale,
and known as the Greenhorn limestone. 'These limestone layers are
in many places not more than 12 inches thick, vet they have a
lateral extent almost as great as the Benton itsell, which is believed
to be nearly coextensive with the Dakota. One of these limestones
is called the ‘‘TFencepost’ limestone and is of considerable economic
importance because it is widely quarried and used for fence posts.
The average thickness of the ‘‘Fencepost” limestone is 9 inches.
A ferruginous seam passes through the center of the layer, and by
splitting the limestone along this seam, excellent flagstones are pro-
duced. In 1896 it was estimated that at least 50,000 fence posts
from this limestone were in use in Mitchell and Lincoln counties
alone. Beneath the Greenhorn limestone is a shale known as the
Graneros shale. This is the basal formation of the Benton group.

At the summit of the Benton group, embedded in the black shale,
oceur lens-shaped concretions, varying in size up to 4 or 5 feet in
diameter. They are dark colored and are composed largely of car-
bonate of lime. Some of them are hollow or consist of geodes lined
with calcite crystals or traversed by cracks filled with calcite or other
minerals. The thickness of the Benton is about 400 feet. The
shales of the Benton are nearly impervious to water. This is par-
ticularly true of the basal shales of the group (Graneros), which
are so bituminous that they emit a strong odor of petroleum. The
rocks are known to contain so much salt that any water derived
from them would be unfit for domestic use. No considerable amount
of usable water can be expected anywhere in this group of rocks.

NIOBRARA FORMATION.

Above the Benton group are the rocks belonging to the Niobrara
formation, which underlie a wide region in Kansas west of the
ninety-eighth meridian and north of Arkansas River. The eastern
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deposits, along the high uplands on either side of the Saline River,
and prominently along Crooked C(reek and the Cimarron River in
Meade and Seward counties. At Arkalon the mortar beds along
the Cimarron are very prominent near the upper level of the Dbluffs.
It was formerly thought that the mortar beds occurred at the base of
the Tertiary, but investigation has shown that they occur irregularly,
with a tendency to appear near the surface. Nowhere has ground
water been found in the mortar beds, and none has been discovered
in sand and gravel in which the grains are in any degree cemented by
calcium carbonate.

Erasmus Haworth offers the following explanation of the mortar
beds: The Tertiary deposits were derived from the disintegration of
rocks in the mountainous areas to the west and contain an abun-
dance of finely comminuted calcium carbonate. Rain, in soaking
into the ground, picks up from the decaying vegetation carbon diox-
ide, which reacts on the carbonates in the ground, dissolves them, and
carries them into the underground water. In regions of abundant
rainfall these carbonates remain in solution; but on the plains, where
the rainfall is deficient, the rain carrying the carbonates downward
is likely to evaporate or be absorbed by the very dry ground before
it reaches the ground water, in either of which cases the carbonates
would be precipitated in the ground where they would act as 8 cement
binding together the particles on which they are deposited. Thus
the mortar beds might be built up, starting perhaps as small concre-
tions and gradually growing into vast beds.

This explanation of the formation of the mortar beds accounts for
their occurrence at different levels in the Tertiary deposits and for
their rarity at the base of that system, for the beds would be built up
at whatever level the water evaporated, which might be near the sur-
face, somewhat farther down, or even near the bottom; but they
would never be formed where there is water containing enough car-
bon dioxide to hold the carbonates in solution.

WATER SUPPLIES.!

Rainfall over most of the Tertiary area is rather small, but nearly
all of it is absorbed, as the ground is very porous. The rain water has
very little tendency to flow away over the surface, and such as exists
is checked by the sod of buffalo grass, which holds the soil in place
and prevents washing. The rain that is absorbed by the Tertiary
deposits sinks into the ground until its downward progress is stopped
by the Cretaceous rocks, or the ‘“Red Beds” beneath. These rocks
form a floor on which the Tertiary deposits rest and which is every-
where impervious, except in the few places where the Tertiary is in
direct contact with the Dakota sandstone. If this floor did not

1 Report of the Board of 1rrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kansas,
pPp. 79-87.
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exist, water, instead of being generally available throughout western
Kansas, would be scarce, for so much of the light rainfall as might.
collect in pools and ponds would be rapidly dissipated by the intense
evaporation, and the rest would sink to unknown depths did not the
floor stop it and serve as a surface for it to accumulate on. Before
being covered with Tertiary deposits, this floor was a land surface,
exposed to the same agencies ot weathering and erosion that are at
work on the land surfaces of to-day; and, like them, it was cut into
valleys, ridges, and hills. Moreover, in the elevation and subsidence
to which this floor has been subjected, it has been soriewhat warped
and bent, so that instead of being perfectly even it is rough. Its
inequalities are covered by the Tertiary deposits which lie over them
in smooth, level prairies. If the topography of this buried land were
known, it would be possible to accurately foretell the depth neces-
sary to drill any particular place to reach the ground water below.
But lacking such information, predictions of the depth at which water
is to be found must be based on deductions as to the ancient topog-
raphy, deductions that may be legitimately made from the records
of the nearest wells. Such prophecies are, as a rule, fairly depend-
-able, but not invariably so. For instance, the site of a proposed well
may be over a valley of the buried land, in which case the depth to
water will be unexpectedly great; or the well may be over a hidden
ridge and the distance to water be less than anticipated; or the
ridge may be so high that it projects above the present underground
water level, in which case no water at all can be obtained; and of
two wells but a mile or so (or perhaps only a few yards) apart, one
may yield no water at all and the other supply it in abundance,
because one well is over a ridge and the other is not. Indeed, areas -
of considerable extent in western Kansas are without ground water
because a broad swell in the floor is thus elevated.

The difficulty of predicting the depth at which water will be found
is further complicated by the lack of uniformity in the materials
which compose the Tertiary and by the irregularity of their arrange-
ment. The sand and gravel deposits ordinarily carry the water,
but not where they are at the surface, for there they lie above the
underground water level. Only very rarely does tle clay contain
water, and when a thick bed of it occurs in a spot where a well is to
be sunk, the entire clay bed must be pierced before the water-bearing:
sand below can be tapped. Sometimes such a thick bed is dis-
tinctly local and in two neighboring wells the driller must go to a much
greater depth for water in one than in the other. Again, the thick
bed of clay spreads over a wide area and compels deeper dril’ing for
water than is necessary in a contiguous district.

The water that accumulates above the Cretaceous foor forms what
is known as the “underflow,” or “sheet water” of the plains. The
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instance at Medicine Lodge, the “Red Beds’ contain heavy deposits
of gypsum and they are everywhere somewhat heavily mineralized
with salt and magnesium sulphate, as well as with other constituents
of ocean water. Hence it seems probable that the sediments that
form the “Red Beds” were deposited in water which was at one
time part of the ocean, but which, by some movement of the earth,
was cut off from it and then evaporated till the salts became much
concentrated. The absence of fossils from most of the strata of the
““Red Beds” implies the same origin, for the water doubtless became
too highly mineralized to support life. In their eastern extension
the ““Red Beds” thin out, but westward they thicken to ar unknown
extent, probably being over 1,000 feet thick in Meade County. As
the ‘“Red Beds” are exceedingly fine-grained and compact, little
water percolates through them. Therefore, wells sunk in the “Red
Beds” yield only a scanty supply of water that is so highly mineral-
ized by soluble constituents, particularly salt, that it is unfit for
domestic use. The surface waters also are highly mineralized with
calcium and sulphates in those localities where the gypsum deposits
are exposed at or approach the surface. ’

The Permian (?) shales, below the “Red Beds,” are unlikely to
afford water except from a sandstone stratum. Water found in
either the shale or sandstone, however, would doubtless be unusable
because of its high content probably of calcium and sulphates. As
neither the “Red Beds’” nor the rocks beneath them yield water of
good quality, drilling should be stopped as soon as the “Ped Beds”
are encountered. In places the Permian (?) is mantled by a con-
siderable thickness of unconsolidated material in which many wells
are sunk. These yield water of variable character, but most of it is

very hard.
MESOZOIC ROCKS.

CRETACEOUS SYSTEM.

LOWER CRETACEQUS OR COMANCHE SERIES.

In places the ‘“Red Beds” are immediately overlain by the
Comanche series, which in this part of the country is about 200 feet
thick. Tt consists of sandstones and shales, and is so limited in
extent that it is not a factor affecting the water supply of Kansas.

UPPER CRETACEOUS SERIES.
DAKOTA SANDSTONE.

Character and distribution.—The Dakota sandstone underlies the

western half of Kansas, outcropping in a zone 12 to 20 miles wide

and extending from Washington County southward and southwest-
ward to Arkansas River. in Rice and Barton counties, and thence
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up Arkansas Valley to Ford County, where it passes under the Ter-
tiary deposits. It appears again in the valleys of C'marron River
and some of its branches near the Colorado State line. North of
Arkansas River, in northwestern Kansas, it passes bereath the Ben-
ton, Niobrara, Pierre, and Tertiary formations, probal'ly lying more
than 2,000 feet below the surface in the northwest corner of the
State. In north-central Kansas it rests on the dark shales and salt
beds of the so-called Permian, and to the south and southwest on the
“Red Beds” or in places on the Comanche series.

The stratigraphy of the Dakota is so variant that no very distinct
subdivisions can be established. At the top of the formation, as
defined by the Kansas University Geological Survey, is a thin bed of
sandstone, in most places not much more than a foot thick. Next
below are shales, varying in thickness from 10 to 20 feet, containing
so much gypsum in loose crystals and thin seams that this member
has been called the ‘‘gypsiferous horizon.” Next comes a series of
saliferous shales which give rise to many salt marshes and saline
springs. The shales range in thickness from 15 to 30 feet and are in
many places underlain by a thin bed of lignite, which is locally 2 feet
in thickness. The lignite is associated with shale, but commonly lies
on or between sandstone. The characteristic member of the Dakota,
lies next below. It is a thick mass of sandstone with intercalated
beds of clays of various kinds. The relations of the shale to the
sandstone are exceedingly variable, but in the eastern part of the
State well borings show first a series of sandstones, next a mass of
shales of considerable thickness, in places amounting to 100 feet,
then a second sandstone, 50 or 60 feet in thickmess, and then an
alternation of sandstones and shales, amounting in 2ll to 300 feet
or possibly somewhat more.

The formation is so largely composed of sandstone that it is
called Dakota sandstone, though it is probably true that in some
localities less than ome-half the thickness of the whole Dakota is
~sandstone. The shales and clays of the Dakota vary much in texture
and color. Not uncommonly they are black, but they are generally
white, blue, or yellow, with many bands of red or green. The
darker shales are, as a rule, argillaceous, while the lighter colors
indicate a greater amount of sand. In most places where it is
exposed at the surface in Kansas, the sandstone looks rusty, but
locally it may be gray, buff, or red, the shade being determined by
the amount of brown iron oxide present. In Colorado the color is as
a rule very light, even white in places. The quartz grains of which
the sandstone is made up vary from one-eighth inch to perhaps one-
thousandth inch in diameter, with occasional individuals outside
these extremes. In most places the grains are remarkably even in
size and the sandstone is of medium texture containing little foreign
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margin of the Niobrara is exposed in a series of slopes rising above
the rolling topography of the Benton group and trending southwest-
ward across the State from Jewell County to the northeast corner of
Finney County. To the west the Niobrara is thickly overlain by
Tertiary deposits, but some of the larger valleys, notably that of
Smoky Hill River, are so deeply cut that they afford extensive
exposures. :

The formation consists of a lower series of limestones, called the
Fort Hays limestone, and an upper series of chalks called the Pteran-
odon beds or Smoky Hill chalk. The total thickness of the forma-
tion is about 350 to 400 feet, of which the Pteranodon beds comprise
300 to 350 feet. These beds immediately underlie the Pierre shale,
but the two formations have not been observed in contact in Kansas,
owing to the overlap of Tertiary formations.

The Pteranodon beds are composed of a massive, light bluish-gray
clay, which on weathering becomes yellow or buff, or, in some places,
light red, a change due to the oxidation of the iron contained in the
deposits. In well borings the material is pale-blue chalky clay, not
very sticky when wet. Some rather pure chalk occurs in tle forma-
tion, notably in the vicinity of Norton in the valley of Smoky Hill
River, where it gives rise to many prominent buttes and cestellated
cliffs. The Fort Hays limestone, by which the Pteranodon beds are
underlain, is a soft, massive, light-colored rock which weathers out
in bluffs of moderate prominence and which is about 50 feet thick.
In well boring it is usually distinguished from the Pteranodon beds
by its increased hardness. Neither member of the Niobrara is water-
bearing. Indeed the great chalk beds are as nearly free from water
as any formation in the State.

PIERRE SHALE.

In the northwest corner of Kansas the Niobrara formation is over-
lain by the Pierre shale, which is exposed at intervals in the valleys
of Republican and Arikaree rivers and their branches in Cheyenne
County, notably in the banks of Hackberry Creek, 15 miles south of
St. Francis; on Beaver Creek, in Rawlins County, and on Prairie
Dog (reek, in Norton County. The Pierre consists of heavy, dark
grayish-blue shale, that weathers to a rusty yellowish brown and that
only here and there contains a small amount of calcareous material.
So far as is known, the Pierre has a maximum thickness of 100 feet
within the State. The Pierre is entirely devoid of water.

1t is evident from the foregoing paragraphs that practically no
water is to be obtained throughout the mass of Cretaceous shales
and limestones comprised in the Pierre, Niobrara, and Benton for-
mations—aggregating between 800 and 900 feet in thickness. These
shales form an impervious floor upon which the water-bearing Ter-
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tiary deposits rest, and drilling should cease when the Cretaceous
floor is reached, unless it is intended to pass through the barren
strata into the Dakota sandstone.

CENOZOIC ROCKS.
TERTIARY DEPOSITS.

DISTRIBUTION AND CHARACTER.

Overlying a large part of western Kansas, covering, in fact, nearly
two-fifths of the entire area of the State, is a mantle of sand, clay,
and gravel with a minimum thickness of about 350 feet, which is
known to be of Tertiary age. The material is surprisingly regular
when considered in a general way, its appearance and composition
being so characteristic that it is readily recognized wherever seen.
However, it exhibits in detail great differences, varying from exceed-
ingly fine sand to coarse sand or gravel, which in places is made up
of pebbles 4 to 5 inches in diameter. The clay is in some places
almost pure, but elsewhere it is intimately mixed with fine sand of
uniform grains. The arrangement of the material also shows great
irregularity, but in general the clay is found on top, immediately at
the surface, and has been called the ‘“plains marl.” Ir many locali-
ties, however, the surface is of sand 20 to 40 feet deep, with but little
clay intermingled, while the clay is liable to be found at any depth
below the surface. In places the sand beds are heavy and relatively
thick; elsewhere they are thin and interspersed with beds of clay and
gravel. The gravel likewise is unevenly distributed. In some places
it is found at the base of the Tertiary, but in almost as many it occurs
at intermediate levels, and it is not uncommon at the surface.
Another very characteristic feature of the Tertiary deposits is the
great abundance of calcium carbonate found in them. Samples from
many localities showed that at a depth of more than 5 or 6 feet below
the surface the deposits contained calcium carbonate enough to
effervesce strongly when treated with dilute muriatic acid. In places
this calcium carbonate is present in quantities so great that it strongly
cements the sand and gravel, forming a firm rock which resists erosion
much better than uncemented beds of clays and finer sends.  As the
result these rocks are generally prominent along the bluffs of various
rivers and lesser streams. Such accumulations of sand and gravel
of various degrees of coarseness, cemented together as indicated, are
called ‘““mortar beds,” and almost every stream throughout the
whole Tertiary area of the State exposes mortar beds in the upmost
part of the material of the bluff. This is notably true along the
north bank of Arkansas River from Garden to Dodge along the banks
of Sawlog and Buckner creeks to the north of Dodge, along the
bluffs of Prairie Dog Creek throughout its course in the Tertiary
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fiest, second, and third waters of the plainsmen are found where
sheets of clay, occurring one above another, are separated by beds
of water-bearing gravel or sand. It is the common impression that
these aquifers are in no way related to each other, but as a rule,
when all of the clay sheets are penetrated, the lowest water rises to
the level of the first, which shows that the different waters are all
connected with the great underground supply, which is merely sepa-
rated into layers by the interposed clay sheets. IHowever, the first
water may be more highly mineralized than the others, because the
excessive evaporation to which it is exposed concentrates the salts
which it carries in solution.

The two popular names, ‘“sheet water” and ‘‘underflow,” recog-
nize the wide extent and the motion of the ground water of the plains.
The motion is imparted by the general tilting of the floor eastward
at about the same angle as the inclination of the present land surface.
Through the western 100 miles of the State the fall averages 7 to 8
feet to the mile eastward, though local variations occur which turn
the flow to the northeast, soutlieast, or in some other direction at a
greatly increased angle. Thus, i the southwestern part of Clark
County, the inclination from Minneola to the south line of the State
is close to 20 feet to the mile, and in some places, even more than 30
feet to the mile. Likewise, along the south line of the State, in
Meade County, the inclination eastward is more than 20 feet to the
mile. As the floor is inclined, it is apparent thiat the sheet water
can not everywhere be found at the same depth beneath the surface,
although over small areas it appears to be so because the inclination
is relatively slight.

This eastward flow of the ground water would completely drain the
western county if it were not for the retarding influence of the sand
and gravel. In many places the streams have cut through the Ter-
tiary deposits to the Cretaceous floor, and even deep into it. Wher-
ever this has occurred the Tertiary deposits close to the streams are
so robbed of their underground water by rapid drainage that good
wells are not to be found, but the resistance of the sands to the flow
of the water is so great that wells a mile or less away yield abund-
antly. The size of the particles that compose the sands and gravels
is a most important factor in controlling the rate of flow of water,
because the water moves much more freely through the coarse mate-
rial than it does through fine. Hence, a well in a gravel aquifer is
likely to be supplied with water so rapidly that vigorous pumping
will not lower it very much, whereas a well in an aquifer of compact,
fine sand may very probably be fed with water so slowly that it may
easily be pumped dry. The flow of the underground water, besides
being retarded by the sand, is checked by inequalities of the floor.
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Ridges or swells restrain the water just as a dam restrains a flowing
stream, and depressions held it back in the same way that lakes hold
back surface waters. Such is the water that is in common use on
the plains and has made their development possible. Its presence
was unsuspected by the pioncers, many of whom perished for thirst,
ignorant of the water beneath their feet.

QUATERNARY DETPOSITS.

PLEISTOCENE SYSTEM.

EQUUS BEDS.

In McPherson, the western part of Marion, Harvey, and the eastern
part of Reno counties is a geologic formation known as the FEquus
beds,! which, as shown by well drillings, occupies a channel that was
carved out of the Permian (?) shales and Dakota sandstone and that
once probably connected Smoky Hill River with Arkansas River.
The channel was shallowest at the eastern edge of the area and
sloped to the west, where the deepest of the drillings, about 150 feet,
have not reached bedrock.

In their broadest part the Fguus beds are 25 miles across, and they
occupy an area about S00 iiles in extent north of Little Arkansas
River, and, exclusive of the sand hills, 100 square miles south of it.
The Equus beds are very {lat, an:l offer marked contrast to the rough
surfaces presented by the Permian (?) series on the east and the
Dakota sandstone on the north.

Little Arkansas River drains the entire area of tl'e Equus beds,
except a small portion north of the divide, which is drained by
Smoky Hill River. As a rule, the area has suflicient slope to drain
it, but a chain of lakes and basins extends from MecPherson along the
western edge of the areca over the deepest portion of the buried
channel. The largest basin is 2 miles west of McPherson and is
nearly 3 miles in diameter, while the largest lake is Lake Inman, 10
miles southwest of MePherson. The divide between Smoky Hill and
Arkansas rivers has an average elevation of a little more than 1,500
fect. Arkansas River at the southeastern limit of the area is at
1,290 feet. There is, therefore, a fall of 200 feet in 60 miles. Smoky
Hill River at its nearest approach is within 4 miles of the divide, but
its bed is nearly 200 feet below it. .

The strata that compose the Equus beds consist of alternating
layers of sand and elay. Near the bottom of the deepest part of the
buried channel is a heavy layer of gravel, which everywhere contains
an abundance of water. At McPherson it lies at a depth of 140 to
150 feet, or even more. The upper part of this gravel bed grades

1 The following descriplion of the water from the Eguus beds has been taken largely from Kansas Univ.
Geol. Survey, vol. 2, pp. 288-289, 205-296.
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into a stratum, partly argillaceous and partly arenaceous, which is
many feet in thickness, and which locally contains isolated sand beds,
or at least sand beds of great irregularity, that carry very little
water. The upper surface of this stratum is nearly on a level with
the rim of the deeper part of the buried channel. On top of this
stratum, and extending over a very slightly undulating Permian (?)
floor for 15 miles to the east, is a stratum of sand varying in thickness
from 30 feet at McPherson (according to S. Z. Sharp) to 3 feet in
other places farther east, but averaging 6 to 8 feet in thickness. This
stratum also contains a good supply of water and covers nearly the
entire area of the Fquus beds, except a part of the area to the north.
The uppermost stratum, which covers the entire area, is 10 to 35 feet
thick, and is composed of clay of varying texture and color. In the
northern part of McPherson County this clay contains an area of
““voleanic ash” 18 to 24 inches thick. The sands of the Eguus beds
have been examined microscopically and appear to be derived from
the Dakota sandstone rather than from the rock detritus brought
down from the west by rivers.

The Equus beds of McPherson County are very fertile, valuable
farm land. The region is so flat that almost all of it can be cultivated.
Over the eastern part good water is found in abundance at a depth of
18 to 30 feet, being easily reached because the sandy texture of the
clay above the water-bearing beds makes digging easy. Over the
western part of the area wells 40 to 150 feet in depth furnish en appar-
ently inexhaustible supply of good water. The wonderful amount of
water contained in this lower gravel bed of small extent is reriarkable.
A section through the Fguus beds from Arkansas River to Smoky
Hill River suggests that upon further investigation the water supply
may be traced to Smoky Hill and Arkansas rivers. Cottonwood
and other trees thrive wherever planted in this area in marked con-
trast to the area eastward, where the Permian (%) shales form the
surface rock and where the cottonwood grows to a fair size and dies. -

DRIFT.!

Northeastern Kansas was subject to glacial action. The ice itself
crossed the Kaw Valley, not for its whole length but for most of the
distance east of Big Blue River. The southwest corner of the ice
region is characterized by an immense moraine. East of St. George
the tops of the bluffs overlooking Kaw Valley are paved with large
bowlders, and on the south side of the valley a little to the east the
moraine is simply immense. At the western extremity two hill-
tops—flat mounds—are paved with bowlders to a depth of 8 or 10
feet, and to the northeast, east, and southeast the moraine extends

1 Abstracted from report by Robert 1Tay in Eighth Bien. Rept., Kansas State Board Agr., vol. 13, 1893,
pp. 118-120,



36 QUALITY OF THE WATER SUPPLIES OF KANSAS.

for miles. Fully 95 per cent of the bowlders of this moraine are of
the red quartzite that comes from South Dakota and Minnesota.
The rest are mainly hornblendic greenstone and granite. There are
a few fragments of hard limestone that is very common in the drift
of North Dakota. A tongue of the glacier was pushed across a low
divide here, and continued down to Mill Creek, where the main body
of the moraine trends east, still on the south side of the Kaw. At
Topeka the river valley was also crossed by a tongue of moraine
stretching down to Tevis, 10 miles southeast. At Lawrence, and a
few miles south and west, there are again immense morainic deposits.
In Missouri they are found farther south than the mouth of the Kaw.
Bowlders are found in all counties from the Missouri to the Big Blue.
In Washington Countythey are found west of the Big Blue, and there
are also found mounds of gravel and small bowlders, which, if they
were not so weathered, would be recognized as osars and kames,
which were probably first melted out on the top of the glacier and at
last were left in position by the final disappearance of the ice resting
on bedrock of the county.

HARDPAN.

The true hardpan, or till, is a stiff, pasty, dark-brown clay, with
pebbles and small bowlders. It seems to have been formed under
the ice by the grinding of the material over which the glacier passed—
clay, shales, soft limestones, and sand. It isnot as extensively found
in the glacial area of Kansas as in some other States. It occurs in
thin beds in Washington, Pottawatomie, and Nemaha counties and
without doubt it exists elsewhere under other deposits. As it forms
an intractable soil, it is fortunate that it is not widely found at the
surface. Where it exists as a subsoil, drainage is required.

GUMBO.

A modified hardpan, joint clay, or gumbo of post-glacial origin is
found in many places near the surface in the glacial area, and far
away from the glaciated region there is a similar deposit. Some of
these beds of gumbo are of very recent origin, being the result of
floods and weathering by agencies still at work, so that these beds,
all strictly local, come down from immediately after the ice to the

present day.
LOESS.

The loess, which is often called bluff, because the bluffs of the
Missouri River are formed of it or capped with it from Kansas City
to Yankton, is a buff or yellowish marl. Over immense areas it is
substantially the same material as that which gives color and muddi-
ness to the water of the present river. In some regions it takes color
from local surroundings, contains streaks of coarse sand or gravel,
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and becomes of orange brightness. It is generally agreed that the
loess 1s the material deposited in the broad lakes and streems that
fronted the ice sheet and that followed its retreat to the north. In
some regions there is believed to have been an interglacial epoch of
milder climate; that is, there was a retreat of the ice sheet for a
time and a second advance and repetition of the various phenomena;
but in Kansas the whole of the direct glacial phenomena belongs to the
oldest ice epoch, and the second ice sheet did not overspread the
area. The loess of the second advance, however, overlapped the
more ancient loess, although the limits of the overlap have not been
worked out. Loess occurs as far west as Dickinson County and Medi-
cine Lodge and down the Arkansas and Neosho valleys into Okla-~
homa. It is found low down in river valleys and at great elevations
in ridges as high as 1,200 feet above sea level in Geary County up
to 1,500 in Morris County, and to 1,000 feet in Bourbon County.
The so-called “Plains marl” shades into it.

When the Kaw River valley was dammed by ice in Webaunsee
County, the Platte Valley of Nebraska must also have been closed,
the Missouri was stopped at Fort Randall, and its waters must have
been thrown over Nebraska and northwestern Kansas. The height
of the wall of ice must have been sufficient to throw the waters over
the high divides to the west and south. Perhaps some Missouri
River water, after being spread out into wide lakes, was thrown into
the valleys of the Neosho and the Arkansas. Across these waters
floated icebergs, large or small, which carried angular bowlders far
beyond the ice border, and which are found in the loess that was
deposited on the glaciated area during the recession of the ice to the
north. Probably at this time the deep trough of Big Blue River was
cut by the strong current along the west front of the ice, and the
pass cut across Wabaunsee County round the southwest terminal
moraine to Mill Creek, whose wide wvalley below McFarlard, filled
with deep alluvia, shows that a large stream once worked there. The
pass referred to is now used by the Atchison, Topeka & Santa Fe
Railway and by the Chicago, Rock Island & Pacific Railway for their
tracks from Manhattan to Mill Creek. The tracks at the highest point
are little over 100 feet above Manhattan or McFarland, but the neigh- -
boring hills are from 200 to 300 feet above the two valleys. The
loess has done much to smooth the contour of a region that before
this age was very rugged.

WATERS OF THE PLEISTOCENE ROCKS.!

The glacial deposits form a valuable source of water. The meager
investigations that have been made on the drift indicate that its

1 Hay, Robert, Some characteristics of the glaciated area of northeastern Kansas: Kansas Acad. of Sci.,
Trans., vol. 13, 1891, pp. 104-106.

Swem, E, G., A preluninary report on the glaciated area of Kansas: Kansas Univ.Quart., vol. 4, 1895-96,
Pp. 153-159.
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maximum depth is probably not much more than 175 feet. A well
at Holton, 126 feet deep, passes entirely through the drift, and one
at White Cloud, 126 feet deep, does not reach rock. Most of the
wells that are known to be in glacial deposits range in depth from 40
to 60 feet, though wells of a depth of 70 to 100 feet are not uncommon.

RECENT DEPOSITS.
ALLUVIUM.

Many wide valleys in Kansas are covered to a greater or less depth
with deposits of alluvial materials brought by the streams at various
stages of their development. The process of valley filling following
valley erosion is a well recognized phase of river development, result-
ing from the fact that the transporting power of streams decreases as
the channels approach base level. The most extensive of these
alluvial deposits is found in the Arkansas River valley, but all the
river and creek valleys contain more or less alluvial material of rela-
tively recent origin. The unconsolidated material with which the
rivers fill in their valleys is derived from the land along their courses
and from mountains near their headwaters, and consists of sand,
gravel, clay, and small waterworn rock fragments. This material is
admirably adapted for holding water and it yields very valuable
water supplies.

The Kansas River valley ! from Salina to Kansas City is filled
in with unconsolidated material derived from the hills along its
course, from the mountains to the west, and from glacial material
that occurs along its banks. On both sides of the river, but par-
ticularly on the north side from the mouth to Topeka, great masses
of loess exist along the bluffs. These masses send long streamers
down into the valley and so have contributed largely to the fluviatile
material. Throughout this part of the valley, which is about 4 miles
wide and 150 miles long, and comprises approximately 600 square
miles, the alluvial deposits yield an abundant water supply.

Walnut Creek and its tributaries are filled in with alluvial deposits
which are water-bearing and which form the principal source of
water in the counties drained by this stream.

In the valley of Cimarron River, in Morton, Stevens, and Seward
counties, the gravels are near the surface and apperently afford an
abundance of water, though their capacity has never been tested.
The gravels that have accumulated in the valleys of several of the
rivers in the eastern part of Kansas also furnish en abundance of
water, but none of them yield so richly as the grave's of the Kansas
and Arkansas River valleys.

1 Kirk, M. Z., The sands of the Kansas River valley: Kansas Univ. Quart., vol. 4, 1395, pp. 125-125.
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Not all of the rivers have accumulated gravel in their valleys.
Smoky Hill River, for example, is almost entirely devoid of it,
although in some places the sand and gravel is 6 feet thick and yields
a little water on digging. The water found in these deposits in river
valleys is usually derived from the land along the river; that is, it is
commonly subsurface drainage of the land that is making its way to
the river, but sometimes it is part of the flow of the river. Where
water from the fluviatile deposits is to be used for a city supply it is
very important to determine its source. If the water is from the
river it may be somewhuat impure, as the waters of most rivers are
polluted; if the water is from the land on its way to the river, it is
likely to be pure unless it is nothing more than the underdrainage of
a city or town, in which case it should not be developed for a city
supply because it is contaminated from such sources as leakage from
privies, cesspools, sewers, and the drainage from manure heaps.

SAND HILLS.

Fine, blown sand, constituting hills and ridges of moderate height
with intervening irregular basins and flats, is found in central Kansas,"
in the Arkansas River valley from Coolidge to Great Bend and on the
adjoining slopes to the southeast. This sand has been derived from
the alluvial flats along the river and blown out by the prevailing
winds, which are strongest from the northwest. Along the river east
of Great Bend is an accumulation of sand derived from the Dakota
sandstone, and doubtless it yields water to the underflow of the river,
though this has not been experimentally demonstrated.

ARTESIAN WATER.
CONDITIONS OF OCCURRENCE.

The term ‘‘artesian’’ has been used with much confusion, but the
best usage now restricts the word to those wells in which the water
rises under pressure to a level higher than the water-bearing bed
which yields it. Flowing wells are artesian wells in which the water
rises above the level of the mouth of the well. Flowing wells, though
not rare, are unusual enough to excite interest wherever they occur.
The many conditions that produce artesian wells are fully discussed
in Bulletin 319 and Water-Supply Paper 160 of the United States
Geological Survey. The essential principle is that the water i= under
hydrostatic pressure and so tends to rise at any point where the pres-
sure is relieved. The pressure is usually produced by the water per-
colating downward from an elevated source through an inclined por-
ous stratum or channel, from which it can not escape. Ther~fore at
levels lower than the source pressure is developed which may be sufli-
cient to make the water rise only part way in the well that taps the
aquifer, or which may be great enough to cause the water to rise
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to the surface and overflow. The difference in elevation between the
mouth of the well and the source of the water, and also the grain of
the aquifer determine the pressure of the water and, consequently,
whether it rises to overflowing or not. In Kansas there are many
flowing wells; those in Meade County, in Marion County, and in the
southeastern corner of the State deserve special notice.

MEADE ARTESIAN AREA.

The Meade area is an important one and has been carefully described
by Erasmus Haworth, from whose report! most of the following
description is taken. The Meade artesian area is located in the
valley of Crooked Creek and extends from some 5 miles south of
Meade nearly to Wilburn, so that it is about 20 miles long with
a width in places of nearly 6 miles. The flowing wells have been
sunk in an area of approximately 80 square miles The area com-
prises a broad, flat valley, apparently almost level, with scarcely any
irregularities of surface within it other than the small drainage chan-
nels tributary to Crooked Creek, which are 5 to 8 feet deep. On all
sides and in every direction from the valley the ground is higher, so
that there appears to be a natural wall around it. On the east and
southeast the wall is from 50 to 100 feet high, with gently sloping
sides, and the surface is largely covered with sand hills.  On the north
is a gentle rise toward Crooked Creek, producing a maximum eleva-
tion of about 75 feet between the main part of the valley and Crooked
Creek itself. But at the northeast, toward Wilburn, the wall is
much more abrupt, rising rapidly to a height of 100 to 140 feet. A
few drainage channels originate in the high ground to the west and
pass across the artesian valley to Crooked Creek, which is insignificant
in appearance. It is generally but a few feet wide, is often dry, and
can rarely be observed in the landscape farther than 100 feet away,
so closely does it resemble an artificial ditch. It, as well as the other
drainage channels, to a notable extent has also lifte- its banks higher
than the adjacent land. The uplands to the west of the artesian
valley increase in height so rapidly that the plaing to the north and
northwest of Jasper, not over 10 miles away from the valley, are 2,700
feet high, while the general elevation of the artesian valley is between
2,400 and 2,500 feet. The Tertiary ground water in the high plains
to the west is found at a depth of 125 to 150 feet, so that it must be
100 to 120 feet above the surface of the valley itself.

The artesian valley throughout is covered with Tertiary or Pleisto-
cene deposits, the thickness of which is not know:, for none of the
artesian wells has passed through them. To tl'e north, beyond
Crooked Creek, the Benton group is exposed at the surface in a few
places and has been reached by many of the wells. To the northeast,

1 Water-Supply Paper U. 8. Geol. Suryvey No. 6, 1867,
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a few miles beyond Wilburn, the Dakota sandstone was reached by
different wells. South of the vallev the ‘“‘Red Beds’ appear at the
surface, for the Benton and Dakota thin out to the south until they
disappear. It is believed that the strata were here faulted so that
the Meade valley was sunk to an unknown distance, at least 100 to
150 feet and that it has since been filled in to a considerable extent,
probably in Pleistocene time. The materials shown in the borings
from different wells over the valley can not be distinguished from the
Tertiary deposits adjacent on all sides. They are composed of silt,
clay, sand, and fine gravel, very irregularly mixed, so that theve is no
greater continuity of the bedding planes than may be found in the
Tertiary deposits elsewhere. The “mortar beds” produced by the
cementing of coarse sand seem to be wanting, but the finer sand and
clay are in many places partially cemented by caleium carbonate,
producing a certain degree of hardening similar to that observed in
the mortar beds elsewhere.

The flowing wells come from Tertiary deposits or from Pleistocene
beds composed of materials in every respect similar to the Tertiary
deposits surrounding the valley upon all sides and seem sharply dis-
tinguished from the Dakota artesian wells known to exist to the
north and northwest.

The flowing wells of Crooked Creek valley, it is believed, are fed by
the ordinary ground water of the plains, which is slowly moving east-
ward on the inclined Cretaceous or ‘“Red Beds " floor. Ordinarily this
water is not confined between impervious layers, so that artesian con-
ditions do not often develop, but as the Crooked Creek valley is ap-
proached the water in some way gently dips downward and passes
under the clay beds near the west border of the flowing well area, per-
haps rarely extending farther away than from 2 to 4 miles, and estab-
lishes a limited pressure.

Haworth made a few experiments to test the heizht to which water
would rise in an open tube at the wells and found that the rise is only
a few feet, perhaps always less than 20. The pressure which causes
the flow from the wells, therefore, can not be due to the extra height
the water has 10 miles to the west, otherwise the head would be much
greater and the flow correspondingly stronger. The flow of the wells
varies from almost nothing to 80 gallons a minute. It is impossibile
to give an averagze flow for the wells in the valley, but many exist
which yield 30 gallons a minute.

The first flowing well in the valley was discovered in August, 1887,
on the property of Benjamin Cox, about 300 feet southwest of a well
in the SW. 1 sec. 33, T. 30 S., R. 27 W, and was 142 feet deep.!

18. Ex. Doc. No. 41, pt. 2, Ap. 26, 52d Cong., Ist sess.
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It appears to be the well in the NE. § sec. 5, T. 31 S., R. 27 W.!
which, in October, 1907, was pointed out as the original well. Tt no
longer flows, but water is easily raised from it by a pump. Appa-
rentlv the well has beconme clogged with fine sand, for it yields plenty
of sand with the water, and other wells nearby are flowing freely. The
second well put down in the valley is located in the SW. } sec. 33,
T. 30 S, R. 27 W, and is still flowing strongly. On October 31, 1907,
the temperature of many of the wells was taken with a thermometer
and was found to vary between 14.5° and 16°C., 15° being the common-
est. The shallowest flowin.r well in the valley is at the head of a draw
in the SE. } sec. 4, T.30 8., R. 26 W., and is 65 feet deep. The deepest
flowing well is in the NE. 1 sec. 27, T. 31 8., R. 27 V"] and is 320 feet
deep. Most of the wells are 2 inches in diameter. Many of the wells
are.from 140 to 160 feet deep. In a general way the material passed
through by all of the wells is alike, but in detail it is different. Each
one passes throuzh the surface soil, below which is encountered altera-
tions of clay, sand, and soil. The sand is often cemented so that
drillers speak of it as rock, but few of the cemented layers are
more than 12 inches thick and many of them are not more than 6
inches. Apparently there is no particular stratum that must be
reached in order to obtain flowing water. A mass of bluish clay fre-
quently rests on top of a bed of uncemented sand stained yellow with
iron rust, and this sand always contains water, generally the artesian
water. The log of the well near the center of sec. 6, T. 31 S., R. 27 W,
may be found on page 51, Water-Supply Paper of the United States
Geological Survey No. 6, and the logs of other wells in Senate Ex-
ecutive Document No. 41, part 2, Fifty-second Congress, first session,
Appendix 26. Although flowing wells may be found almost any-
where over the valley, failures have been recorded. The northern and
western sides of the valley are the most productive, though flowing
wells are found all the way from Wilburn to the south of Meade.
Some well sites on the west side of the valley areso high that the water
does not overflow at the surface or does so very gently. East of
Crovked Creek and south of Meade there are not many wells, and these
do not flow strongly. The artesian area does not appear to extend
much south of Spring Creek.

Springs exist at several places in the valley. C1e noted area is
in the vicinity of Simm’s ranch, 14 miles north of Fowler. The
springs are on the eastern side of Crooked Creek just along the
border line between the valley proper and the higher lands to the
east. The largest springs are located near the southeast valley
line along the east side of the valley. If the valley has been dropped

1 8. Ex. Doc. No. 222, 51st Cong., 1st sess.
2 This water-supply paper is no longer obtainable from the Survey, but it may be seen in the geologic
library of Kansas University at Lawrence and in other large public libraries.
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by faulting, the water-bearing sands in the valley are doubtless
on a level with the ‘“Red Beds” or the underlying Dakota sandstone
on the east, which condition would cause springs to be more abundant
along the east line than elsewhere. Farther south, along the western
tributaries to Crooked Creek and in the valley of Crooked Creek
itself, springs and seeps abound. The largest amount of spring
water flows through Spring Creek, a stream about 3 miles south of
Meade. Springs are abundant throughout almost the entire length
of this stream but are particularly so in sec. 21, where most beau-
tiful springs exist. At one place within an area of not more tlan 10
square rods the cold, clear water comes bursting forth from under
the “mortar beds” bluff, forming a stream like a mill race. An
approximate measurement of the run-ofl from this one area gave
3 second-feet. South from Spring Creek the next most important
tributary from the west is Stump Arroyo, a stream along which
springs are numerous, but which does not carry nearly as much water
as Spring Creek. All these springs are connected with the artesian
area to the north.

The water obtained from the springs and flowing wells is largely
used for irrigation. At many of the ranch houses ponds or tanks
fed by the flowing water are also used for fish. Many of the wells
are left flowing and the water is allowed to waste without any attempt
being made to utilize it.

The whole artesian valley is supplied with the ordinary ground
water, which is found at 5 to 15 feet below the surface. Its abun-
dance is not known, for no one cares to use it. As it has no artesian
properties, it appears to be sharply distinguished from the deeper-
lying water, though it must be admitted that the reason for the lack
of connection is not clear.

ARTESIAN WATER OF DICKINSON COUNTY.

At Herington, in Dickinson County, in the course of prospecting
for a suitable city water supply, some very gently flowing wells were
located southwest of the city. The source of this water is not
apparent. It may be that the water makes its way westward along
the surface of the Cottonwood limestone, which outcrops to the
cast of Herington in Lyon and Wabaunsee counties and dips to the
west beneath Morris County toward Herington. The discovery of
the flowing wells is interesting, but the water is much too highly
mineralized for it to be of economic importance.

ARTESIAN WATER FROM THE OZARK DOME.

Fort Scott, Girard, Pittsburg, Weir, Cherokee, Columbus, Chetopa,
and other cities in the southeastern corner of the State have deep
wells which are highly esteemed. The water is usually sulpho-
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saline in character, is reached at a depth of several hundred feet
is artesian or flowing, and is believed to be derived from the Ozar}
uplift, which occupies the southern part of Missouri, the northerr
part of Arkansas, the northeastern corner of Oklahoma, and a b
of the southeastern corner of Kansas, being bounded on the nortl
by Missouri River, on the northeast by Mississippi River, on the
southeast by the upper portion of St. Francis River and by Blacl
River, on the south by Arkansas River, and on the west by Neoshc
and Spring rivers. The area is elliptical and its axis is a curvec
line which extends northeastward through Missouri from the extreme
northwestern corner of Arkansas through Aurora, Springfield
Marshfield, and Salem to the St. Francis Mountains in Iron County
The rivers which drain the area have a radial arrangement, heading
along the axis of the dome and running therefrom toward all point:
of the compass. It is on the northwestern slope that the Galena-
Joplin mining district is situated. Center Creek, Turkey Creek, Shoa
Creek, and Spring River carry off the surface drainage, but there i
a large permanent body of water located beneath the surface whick
is slowly making its way westward. Its source is somewhat uncer
tain. H. F. Bain believes it comes from underlying Silurian rocks
which collect the water on their outcrop near Cedar Gap in Wrigh'
County, Mo., and which, dipping to the west and being overlain anc
undertain by impermeable rocks, carry the water westward beneatl
younger formation to the mining district.?

Erasmus Haworth contends that the Cedar Gep catchment ares
is too small to supply all of the water and that the prevailing grounc
water throughout the mining area of the Galena-Joplin district is
surface water, probably more than 90 per cent of it having faller
as rain farther west than the surface exposure of Silurian rocks ir
the Ozark area. This water, he holds, has worked its way downwarc
through various openings in the Mississippian Burlington limestone
and is augmented by an unknown but relatively small amount o
water which may work its way upward from the underlying Siluriar
rocks. These waters mingle and become as one body, making if
impracticable to separate them from each other in effect and in thei
influence. This water which is slowly moving down the northwest
slope of the Ozark dome is believed to be the source of the artesiar
waters of Bourbon, Crawford, Cherokee, and Labette counties
Kans., though the artesian effect in Kansas is not as great as migh-
be expected from the fact that the general level of the Ozark dome
is 1,500 feet or more, while that of the top of the wells is usually
only about 900 feet, never over 1,000 feet. At Joplin, Empire
Columbus, Cherryvale, Weir, and Pittsburg there are many well:
drilled into the Silurian sandstone, but the pressure is not sufficien:

1Twenly-second Ann. Rept. U. S. Geol. Survey, pt. 2, pp. 92-94.
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to bring the water to the surface. If there was not some vent giving
relief to water starting westward from Cedar Gap, the pressure
would certainly be much greater than it is. Probably it is through
crevices of the badly fractured Mississippian rocks which overlie
the Silurian that the pressure of the water contained within the
latter formations is relieved. It seems likely, too, that through
these same crevices the rainfall which comes down on the Mississip-
pian—the surface rock west of Cedar Gap—works its way down to
the great body of ground water.?!

DEPOSITS NOTABLY AFFECTING QUALITY OF WATEF.

SALT.*

Salt is found over a large part of the State of Kansas, either at the
surface or within easy drilling distance. A very important selt area
lies near the middle of the State, extending entirely across from the
north line to the south and beyond into Oklahoma. The salt occurs
(1) as brines in salt marshes, which by evaporation in the dry season
leave salt on the surface, producing the so-called salt plains; and (2)
as rock salt, which is found beneath the surface. In the eastern part
of the State the shales belonging to the Permian (?) and Pennsyl-
vanian series contain so much salt that the water obtained from them
by means of deep wells is strongly saline.

The salt marshes are found in a zone trending a little east of north
and west of south, reaching from Republic County on the north to
Barber County on the south and to Cimarron River in Oklahoma.
Robert Hay enumerates 12 salt marshes in Kansas, as follows:

1. The Tuthill Marsh, in southeastern Republic County, that
drains into Republican River southeast of Lawrenceburg through
Salt Creek.

2. Little Marsh, in northwestern Cloud County, that drains into
Republican River through Buffalo Creek.

3. Jamestown Marsh, in Cloud, Republic, and Jewell counties, that
drains into Republican River through Buffalo Creek.

4. A marsh on Plum Creek in Mitchell County, 4 miles northwest
of Beloit, that drains into Solomon River.

5. Great Marsh, on Salt Creek, in Mitchell County, that drains into
Solomon River.

6. A smaller marsh on Salt Creek in Mitchell County, northwest of
number 5, that drains into Solomon River.

1 Kansas Univ. Geol. SBurvey, pp. 57-08, 93-103, 125.

2 Prepared from articles by:

Haworth, Erasmus, Mineral resources of Kansag, 1898, Kansas Univ. Geol. Survey, pp. s6-80.

Kirk, M. Z., Mineral resources of Kansas, 1898, Kansas Univ. Geol. Survey, pp. 09-85, 98-123.

Hay, Robert, Sixth Bienn. Rept. Kansas State Board Agr., 1889, pp. 192-204; Seventh Bienn. Rept.
Kansas State Board Agr., 1891, pp. 83-94; Eighth Bienn. Rept. Kansas State Board Agr., 1893, pp.
137-142.

Bailey, E. I. S., Eighth Bienn. Rept. Kansas State Board Agr., 1893, pp. 167-180.
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7. A marsh on Rattlesnake Creek, in Lincoln County, that drains
into Solomon River through Salt Creek.

8. A marsh in Lincoln County, at the junction of Prosser anc
Battle creeks, which drains into Rattlesnake (Creek, and thence by
way of Salt Creek into Solomon River.

9. Big Marsh in Stafford County.

10. Little Marsh, southeast from No. 9 in Stafford County. Rattle-
snake Creek, which empties into Arkansas River at Alden, passes
between Nos. 9 and 10, absorbs salt and becomes brackish, but does
not drain either of them.

11. Geuda Springs, in Sumner County, which are drained by Sali
Creek into Arkansas River.

12. A marsh in Sumner County northwest of Geuda Springs; this
marsh drains into Arkansas River.

A brief description of a few of these marshes will serve to give ¢
correct conception of them all. Republic County has two marshes
Tuthill Marsh and Jamestown Marsh. The Tuthill was one of the
most important marshes in pioneer times. In autumn the water i
generally nearly all evaporated, and the edges of the marsh are drv
and covered by a hard, thin scale of impure salt. Toward the centes
of the marsh the surface is more moist and the scale of salt less thicl
and solid. Nearer the center are found numerous pools of clear
briny water. During rainy seasons water collects over the marsh tc
a depth of a foot or more, coming from ravines in neighboring hill-
sides and from numerous seeping springs near the edge of the marsh
This marsh and other similar marshes of the State were of great valuc
to hunters in early times. They came here to “‘jerk’” their buflalc
meat. When they were in too great haste to wait to evaporate the
brine and get the crystallized salt, they dipped the meat and hides
into the pool of strongest brine and then dried them in the sunshine
or by the fire. When a considerable quantity of meat was to bc
“jerked,” the meat was cut into long strips and dipped in brine that
was boiled in kettles over a fire of buffalo chips. It was then laic
out to dry in the sunshine or on a lattice work made oi green poles
supported on four posts with a fire under it. In this way 200 or 30(
pounds could be cured in five or six hours. Mr. Tuthill(Tuttle ?), for
whose family the marsh was named, was the first salt manufacture-
of the State. In the early sixties he made salt and hauled it to Man.
hattan, where it brought as high as 10 cents a pound.

In Mitchell County salt springs and marshes are abundant on Saly
Creek in the southern portion, while a few are found on Carr anc
Hard Scrabble creeks. The Waconda Spring is heavily impregnatec
with salt.!

1 Sixth Bienn. Rept. State Board Agr., 1887-88, p. 215.
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In the northern part of Mitchell County on Plum Creek is a small
marsh scarcely more than a small lick. TIts banks have bocome
tramped and-there is but slight efflorescence on a very small area—
less than an acre—though signs of it show at intervals farther down
the valley.

In Lincoln County, besides the marshes mentioned by Hay, saline
springs are abundant along Saline River and Spillman (re-k! a
tributary of that stream.

The two marshes in Stafford County are known as Big Marsh and
Little Marsh. These marshes were not only used for curing venison,
but a little salt plant was erected and a considerable quantity of salt
was made about 1878. The product came from a spring at the south
part of the Big Marsh and was sold in Great Bend as early as 1867.

In Reno County, Peace Creek, which enters Arkansas River near
Sterling, drains a small salt marsh.

In the southeastern part of Greenwood County in Salt Springs
Township there are salt springs from which salt was at one time
manufactured. These springs discharge into Fall River.?

The three saline reserves, East, Middle, and West, in Oklahoma,
are closely allied to the salt marshes of Kansas. The East Saline
Reserve is located on Salt Fork of Arkansas River in Alfalfa County,
Okla., a little below the mouth of Medicine Lodge River. This
marsh is larger than any in Kansas, extending 14 miles from north
to south and 8 miles from east to west at the widest point. It is
locally known as the Great Salt Plain.

Middle Saline Reserve is in Woods, Woodward, and Harper coun-
ties, Okla., on Cimarron River at the mouth of Buffalo Creek. The
marsh covers a large part of two sections and is the most valuable
salt plain of the whole region. On the south side of Buffalo Creek
are some strong salt springs, and in numerous places the strong brine
bursts forth and runs into a second little stream or disappears in the
sand. In dry weather the brines from the springs are so concentrated
that they deposit rock salt over the whole surface of the marsh. The
wind-blown sand soon covers the salt to a depth of several inches or
even feet. In early times the Indians and, later, the stockmen came
here and hauled away the salt in large quantities, taking it to various
places in Oklahoma and Kansas.

West Saline Reserve is a few miles above Middle Reserve on the
Cimarron in Woods and Harper counties, Okla. It is small and of
minor importance.

The salt marshes in the northern part of Kansas and possibly as
far south as Stafford County obtain their salt from the saliferous
shales of the Dakota sandstone. On account of their highly salty

1 Sixth Bienn. Rept. Kansas State Board Agr., 1887-88, p. 270. 2 Idem, p. 193.
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character, these shales are particularly subject to erosion and have
been important factors in the production of many of the low marshy
areas so common to the northern part of the State. An extreme
example of the result produced by the resolution of the shales is the
great basin known as the Cheyenne Bottoms,! a few miles north of
Great Bend. The salt marshes represent in most cases, first, a low
level area produced by erosion of these shales and, second, a mass of
brine which has received its salt by the rain water leaching the latter
from adjacent shales to the west. In some places the brine seems to
reach the surface in the form of deep-seated springs, while elsewherc
it is by ordinary hillside springs. It is quite possible the other hori-
sons in the Dakota assist in supplying salt for the salt marshes, as
they are known to be slightly saline, but the saliferous shale beds are
the principal producers. The source of the salt in the Stafford County
marshes may be somewhat doubtful. The surface of the country
here is so mantled by the Tertiary deposits and alluvial sands and
gravel that it is difficult to make accurate observations regarding
conditions beneath them. The ‘*Red Beds’ are known to be saline
throughout their whole thickness. The salt of the marshes in
Cimarron River area and the Salt Fork area comes from the ‘‘Red
Beds,” being produced by rain waters leaching the salt from beds
near the surface in the gradual process of erosion. The ‘‘Red Beds”
are known to extend northward under the Tertiary deposits toa point
beyond Stafford County. It is therefore somewhat difficult to decide
from which source, the ‘‘Red Beds’ or the shales of the Dakota, the
Stafford marshes are supplied.

From the earliest settlement of the State numerous briny wells
have been found throughout the rocks of the Pennsylvanian series.
None of these have been at any time of great importance, although
some salt has been produced from those at Alma, St. Marys, Osawato-
mie, and Junction. The onlyv brine wells that were ever commer-
cially successful for a considerable period were those at Solomon,
where for some years salt was made by the solar process. At
present the plant is abandoned.

Rock salt was discovered in the fall of 1887 and during 1888 at
Ellsworth, Liyons, Hutchinson, Great Bend, Kanopolis, Pratt, Nick-
erson, Sterling, Kingman, Anthony, Wellington, Rago, and Arlington.
In 1889 it was found at Wilson and in 1895 at Little River. In sev-
eral of these places the salt bed is 300 to 400 feet thick. These
immense salt deposits were formed by the evaporation of bodies of
salt water. They belong to the Permian (?) series and occupy a posi-
tion intermediate between the Marion formation below and the Wel-
lington shale above. The gypsum of Kansas usuelly underlies the
salt and was probably precipitated from the same bodies of water

1 A description of the Cheyenne Bottoms appears in vol. 2, Kansas Univ. Geol. Survey, pp. 42-45.
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by evaporation prior to the deposition of the salt. The relations of
the gypsum and salt deposits to each other in Kansas is an interesting
matter, but it is not thought pertinent to this description of the salt
deposits. Papers by Robert Ifay in the Sixth, Seventh, and Eighth
biennial reports of the Kansas State Board of Agriculture, and one by
Erasmus Haworth in the Mineral Resources of Kansas for 1898,
Kansas University Geological Survey, discuss the subject thoroughly.

A peculiar salt pool at Meade is described by Robert Ilay. 1t
seems that in 1878 the surface of the ground suddenly sank in a cir-
cular area over 150 feet in diameter and that a depression with steep
sides, having in the bottom a pool of water 50 feet deep, was formed.
From the prairie to the surface of the water is about 20 feet. The
water had a high temperature at the time, but has since cooled. In
the interval since its formation the pool has diminished in depth from
the accumulation of débris from its sides.

Many flowing salt wells in the State contribute to the salt content
of the streams. The wells at Larned and Great Bend, which flow
mto Arkansas River, may be noted as examples. Analyses of Kansas
salt by E. H. S. Bailex ! show it to be very pure. Gypsum is the
most troublesome impurity to salt manufacturers. In making salt
by the pan process the gypsuwn is deposited on the pan and is some-
what difficult and expensive to remove. Moreover, any residuum of
gvpsum in the salt prepared for commerce makes it cake and harden.
In some instances the undesirability of gypsum limits the scale of
operation of those plants which take the salt from the ground by
foreing fresh water into the salt and then withdrawing it, because
waters containing much gypsum are unfit for the purpose and so it
may be necessary to reject an abundant supply of water carrying
gypsum in solution in favor of an inadequate one that is free from it.
The production of salt in Kansas for the vear 1908 was 2,588,814
barrels and was valued at $832,984. The production from 1888 to
1908 was 34,050,724 barrels and was valued at $11,989 8222

GYPSUNM.?

The Kansas gypsum deposits of economic value form a belt trend-
ing northeast and southwest across the State. The belt of exposed
rock varies in width from 5 miles at the north to 25 miles in the
central part, and to 140 miles near the southern line, with a length of
230 miles.

This area is naturally divided into three districts, which are named
from the important centers of manufacture: The northern or Blue
Rapids area, in Marshall County; the central or Gypsum (ity area,

1 Eighth Bienn. Report Kansas State Board Agr., 1893, pp. 167-180.
2 Mineral Resources U. 8., for 189s, 1900, 1995, U. 8. Gieol. Survey.
3 Abstracted from Kansas Univ. Geol. Survey, vol. §, p. 31
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in Dickinson and Saline counties; and the southern or Medicine Lodge
area, in Barber and Comanche counties. These aress appear to be
separate, but careful mapping shows a number of isolated interme-
diate deposits, which serve to connect the northern ard central areas,
and indicate connection between the central and southern areas
These connecting links are found near Randolph and in the reservoir
excavation at Manhattan, in Riley County; at Longford, in the
southern part of Clay County; and near Manchester, in the northern
part of Dickinson County.

From an examination of a map of west central United States with
the gypsum deposits indicated thereon, it will be seen that if the
northeast line of the Kansas deposits is extended it will strike the
Fort Dodge area in Iowa, and if it is continued to the southwest it
will strike the extensive deposits of Canadian River in Oklahoma and
those of Texas.

QUALITY OF UNDERGROUND WATERS, BY COUNTIES.

For the convenience of the greater nun:ber of users of this report
the information that has been gathered concerning the quality of
underground waters has been assembled under county headings, but
it is believed that this arbitrary grouping will not seriously inconven-
ience those who, in the course of special examinations, have to make
a more natural arrangement of the analyses, as, for instance, to
group together the wells in the fluviatile deposits of a river. Unless
otherwise stated, all the assays herein reported were made by H. N.
Parker, of the United States Geological Survey.

ALLEN COUNTY.

As Allen County is underlain by Pennsylvanian rocks the prospect
of discovering soft waters is not good. The only analysis presented
in the accompanying table (No. 1) is that of the waters of a deep well
in Yola, which is very salty. Assay 3, Table 1, shows the results of a
test of the water of a deep well at Humboldt; the water is very hard
and contains considerable common salt. Assays 1, 2, and 4 are tests
of shallow well waters. The first and last of these assays indicate
high permanent hardness; the second shows very low permanent
and high temporary hardness. Assays 5 and 6 are tests of spring
waters, both of which have marked temporary and considerable
permanent hardness.
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TasLe 1.—.1nalysis and assays of underground waters of -Allen County.

[Parts per million.]
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—_

No.

—

[

S

~1

-

| | |
‘ ! ! Sodiim ’
| | i Cal- | Magne- Chlo-
Date. Depth Analysl. Sidiea s Iron - gony | Tgigm | andpo- ) Sane
(feet). v (Si0a). (1%e). (Ca) (Me) {assium 1)
‘ : Sl (Na+K). .
I — ! ———— —_— ! * R
\ | | |
ANALYSIS. | l
| a8
1876 ‘ Tola welle ....| 720 | W.R. Kedzic. wl o2l 2| 104 {(\(‘f\’) o0 i}10,321
| i
N Car- Bicar- Sul-  Chlo-~
Date. Source. I}é};{‘)h Analyst (Iégr)l bonate | bonate | phate. rine
. (COsz). | (HCO3z). | (8O4). (C1).
ASSAYS.
1905.
July 21 | Humboldt, well at 14 | Edward Bartow.. 0.0 0.0 365 72 49
northwest  city
limits.
c.do..... Humboldt, wellat 60 |..... doo....oolll Trace. .0 456 | Trace. 99
southeast city
limits.
_.do._...| Humboldt, well... P T doo. ..o .. 0 .0 461 539 224
..do..... Humboldt, upland 20 ..., do.....ooll 0 .0 288 150 258
well 4 miles
south of city.
.do.....| HHumboldt, spring |.......|..... doo. ... 0 0 330 47 12
west side of river
below dam.
..do.....| TTumboldt, spring |..._...[..... doe..n ol 5 L0, 304 36 14
south of Coal I
(reek. |
..do..... Tola, well near 27 ... O 0 0 396 276 69
Atchison, Tope-
ka and Santa Fe
Ry. depot.
1907.
Apr. 25 | Iola, well at 702 25 | .5 0 332 ) 146
South Chestnut
Slreet.
s.doo... Tola, well at s28 40 [ 0 .0 200 202 34
North Street. '
10K, :
June 39 | La  Ilarpe, well 15 | Edward Bartow... (O] 0 489 ) 40
on~-half mile
syith and three- :
fourthsmile west 1
of city.

a {ansas Unuv. Geol. Survey, vol. 7.

ANDERSON

b S04 greater than 626,

COUNTY.

AsAndersonCounty is underlain by Pennsylvanian rocks, soft waters

are not common.

No complete analyses are presented.

Of the five

water assays (Table 2),one is of a deep well water, one of a spring water,
and the rest are of waters from wells 35 feet or less deep.
well water is very high in chlorides but is not notably hard.
water from the 16-foot well at Harris is soft, and that from the 15-foot
well at Greeley has little permanent hardness, but the water from the
35-foot well at Greeley and that from the spring at Garnett have
great permanent hardness.

The deep

The
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TABLE 2.—Assays of underground waters from Anderson County.

[Tarts per million.]

No.| Date. Source. Pﬁe(p't)h Analyst.
1905.

1 | June 23 | Galnett, deep wellin!........ Iidward Bartow...
southeast part of
city.

2 |...do....| Garnett, spring at [......_.|._... doooooiil
creamery on Nixth
Street.

3| June 22 | Harris, well 2 miles 16 ... do...........
north and 3 miles
east of eity.

4 ...do....| Greeley,wellhalfmile 35 [..... Ao
north and 3 miles
west of city.

5 | June 23 | Greeley, well 1 mile 15 |..... do...........
north and one-half
mile west of city.

|
Car- : |
Bicar- Sul-
(112‘;’)1 1;‘12' bonate | phate
° (CO3). (ILCOL).) (SO ).
T
33.0 0.0 305 | Trace.
_______ 0 341 256
|
. 0 .0 123 | Trace. |
. .0 0 180 150
«
_ .0 .0 377 | Trace.

Chlo-

rine
(.

27,016

61

108

147

15

ATCHISON COUNTY.

As Atchison County is underlain by Pennsylvanian rocks, most of
the waters are hard, though there may be soft waters in the glacial
The analyses (Table 3) show that the waters from two
deep wells and a shallow one in Atchison are very high in chlorides

deposits.

and are very hard.

The assays (Table 3) are tests of other Atchison

well waters; these waters also are hard and are much lower in chlo-
rides than those well waters that were tested by analysis.

TaBLE 3.—Analyses and assays of underground waters in Atchison County.

[Parts per million.]

‘ E 3
= S
%8 = I~
. . B 24 <N
No.| Date. Source. 2 | Analyst. > AR Cle
g Sl~|2 E| g 2 | &
fat @ | o |zi8 Z 15| 8
= sIS|Eg B 5%
) £lsl|2 Bl 2 2|8
& =2 |8.8 S 52
=) @ | = |Cis @ | R
ANALYSES.
1907. |
1| Apr. 2 | Atchison, well of 631 Kennicott | 28 2.7(130| 62 (G2
A. B.C.laundry. Water Sof-
tener Co.
1900. B
2 1 Summer.| Atchison, dia- @1,353 E. H. S. Bai-
mond-drill pros- levand F. '+ 3662.0570 23 {0 204 l2, s08
peet boring. ! B. Porter. ’ ‘
L I PO, Atchison,? Beck- g
er's mineral 125| E. B. Knerr.| 18/42.0 420310 10’10.0(1\13) }1871 .
36 (K)
well.a
ASSAYS.
1907.
1 | July 18 | Atchison, well of [ 10000 L .0
Cain Milling Co.c
2 ...do....| Atchison, well of ) R 2o NIl
Luken’s Milling
Co.d

319

' Sulphate (80y).

\ Chlorine (C1).

—_
=

19)

-11,109

—
=)
3

X

2

. 066

15,550

IS
R
(5]

146

a Kansas Univ. Geol. Survey, vol. 7.
b In valley of While Clay Creek.

¢ Put down in 1893.
d Put down in 1902.
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BARBER COUNTY.

Most of Barber County is underlain by Permian (?) rocks, but in
the northern part and in a narrow arm indenting the westerr side the
Comanche series and Tertiary deposits appear. The prospect of
finding soft water outside of the area of Tertiary deposits is poor,
for the Comanche series covers such a restricted area that it is an
unimportant water-bearing terrane, and the Permian (?) rocks yield
in most places highly mineralized waters. All of the waters tested
come from the Permian (?) rocks and are very hard. The results of
tests of underground waters in this county are shown by the analyses
and assays in Table 4.

TaBLE 4.—Analyses and assays of underground waters, Barber County.

[Parts per million.]

| T ED s o
= = = =
| = =
e g 2l E
XA EE 2 5=
. . ~ |2 J&m Sl 12 e
No.| Date. Source. z Amnalyst. i~ ST+ 2l la 219, =
E RN IR
< Z2'gl7 28158 gls!l5
= s |~ 12183 SIS IE2 |2 2 ~
= glg "5 53 = 2l , 2ls|=| &
2 Z gl 8% |8 SiZ |2 (0|5
A n oA (vA®m (oA }w (SR
‘ ANALYSES. } ] . }
1902. ! f
1| Oct. 21 ' Kiowa,surface well.|. .. Atchison, To-| 7.2 3.8 91100 SG: 242 314 66 .. .. ...
! peka & Santa | | ‘
Fe Ry. , , ‘ l
1903. | ! |
21 Feb. 7, Kiowa,citywell...;...[..... do.......... 12 ‘ ... 208104 87 120,....| 979 99 2141,917
3| Apr. 24 | Kiowa, test well 1...]. ... do.......... 15 ... 100 20, 32| 141]....] 98 46 19 471
south of tank.
4 Sept. 4 | Kiowa, Atchison, [...}..... do...... l 2.4 142(117| 129| 106'....| 654, 184| 171(1,583
: Topeka & Sania
! Fe Ry. well. |
‘ ASSAYS. | ‘
1907. |
1 ‘ Jan. 21 i Kiowa, city well...l_Jfo oo oo O‘ celeealoaadl L0 260] (2)| 1300t Ll
1908, ‘ / ! f
2 Jan. & Medicine Lodge, | 96 . ... ... Tro ... oo .0 214 (a)} A1 o...
[ well of  Thos. .
) Murphy. l 1 | J
i |

a S04 greater than 626.
BARTON COUNTY.!

The southern half of Barton County is underlain by the Dakota
sandstone and the northern hall by shales belonging to the Benton
group. Along Arkansas Valley the Dakota sandstone is covered by
a considerable thickness of alluvial materials, and also, on the south
side of the river, by large deposits of dune sands.

The Dakota sandstone is penetrated by numerous wells, tc most of
which it furnishes satisflactory supplies of water. Some of these wells
begin in the sandstone and are bored or dug into its lower beds. The

1 Abstraeted in large part from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 290.
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wells in the highlands in the north part of the county pass through a
greater or less thickness of shales of the Benton and thence into the
sandstone. A well 245 feet deep, 8 miles north and 2 miles west of
Hoisington, penetrates 222 feet of shale before reachirg the sand rock,
where it obtains a large supply of water, which rises to within 212 feet
of the surface. Southwest of Galatia the shale 1s 260 feet thick and
the underlying sandstone furnishes a good supply of water, which
rises to within 236 feet of the surface. At Olmitz a well 202 feet deep
passes through the shales of the Benton into the sandstone and obtains
a supply of very soft water, which rises to within 142 feet of the sur-
face. A well 3 miles north of Verbeck has a depth of 244 feet, and
the water rises to within 144 feet of the surface.

These representative wells indicate that satisfactory supplies of
water are obtainable from the Dakota sandstone through most of the
north portion of the county, but that there are no prospects for flows.
Several wells about Roberts, from 175 to 300 feet deep, obtain only
salty or brackish water, of which the source is probably the transition
salty series at the base of the Benton shales.

In the southern part of the county the wells are shallower and
mostly successful. The only unsuccessful well vhich has been
reported is one in sec. 17, T. 18 S.) R. 12 W., which penetrated the
Dakota sandstone 200 feet without obtaining a water supply. TFour
miles northeast of Great Bend a deep well was sunk some years ago to
a depth of 1,365 feet to test the water supplies of the formations
underlying the Dakota sandstone. Flowing water was obtained at
344 feet and at somewhat over 700 feet. The first water is still flow-
ing at the rate of 10 gallons per minute, but is too selty to be of any
use. ¥rom 1,202 to 1,365 feet a large amount of rock salt was pene-
trated, and some of the overlying beds were highly g-psiferous. The
following record is given:

Record of deep well at Greut Bend.

Feet.
Surface materials. . ... .. ... ... i ... ..... 0- 60
Red sandstone. ... ... ... 60— 75
Redshale. .. . . ... . L .l... 75— 140
Blueshale. .. ..o o ... 140- 155
Sandstone, brown near top, hard near bottom..._....... ... 135— 255
Shale. ..o ... 205- 258
Hard sandstone. ... ... ... ..o 258 375
Conglomerate water............ ... ... ... .. ...o.... 275- 310
Gray sandstone, artesian flow of salt water.._.._.._..o..... 310- 360
Gray sand and shales; salt water. ... . ... .. ... .... 30— 400
Redshale.. .o o e 400- 420
Blueshale .. ... ... .. ... 420~ 425
Sandstone. .. ... 425- 475
Red shale with some sandstone............. e 475-1, 110
Blueshale.. ... .. o . ... 1,110-1, 240

Saltandshale. ... ... .. ... .. ... . .. 1, 240-1, 365
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This well was mainly in the Permian rocks, and it is doubt{ul if the
red sandstone from 60 to 75 feet belongs in the Dakota.

The analyses and assays recorded in Table 5 were made on waters
derived from several different water-bearing formations. The anal-
yses of the water taken from the wells at Ellinwood and Great Bend
show the characters of the waters derived from the fluviatile deposits
of Arkansas River, which are characteristically high in sodium and
sulphates. The variations in the constituents of the water of the
Great Bend Water Supply Co. are noticeable, but they may be in part
accounted for by the fact that the supply is derived from several wells,
one of which—a shallow one—was abandoned about 1902. Analysis
8 is of the water of the flowing salt well. Information is lacking as to
the sources of the waters in the wells at Albert and Hoisington. A
calcic alkaline water from the well at Albert is shown by analysis 1.

The assays are very interesting. Nos. 1, 2, and 5 show tlic results
of tests of shallow-well waters. They indicate high temporary hard-
ness, but the permanent hardness is not great. Nos. 3, 4, 6,7, and 8
are all tests of water from the Dakota sandstone and show very nicely
the different degrees of mineralization that obtains in waters from the
upper part of the formation. Nos. 3 and 4 show waters low in chlo-
rides and sulphates. These waters, except for the temporary hard-
ness, which is not great for the region, are very satisfactory for domes-
tic and industrial use. Nos. 6, 7, and 8 are tests of waters that are
successively higher in sulphates and chlorides. Their use in the house-
hold would cause large soap consumption and in boilers they might
be expected to form scale rapidly. They could not be softened with-
out increasing their tendency to foam. These three waters arve
derived from wells in the gypsilerous and saliferous shales of the
Dakota. Probably by casing off the water from these shales and sink-
ing the wells deeper into the Dakota good water could be obtained.

Tests of waters from shallow wells in the Cheyenne Bottoms, an
alkali basin of over 30,000 acres in area, which receives the waters of
Blood Creek and which has only a partial outlet, are recorded in
assays 9-13, inclusive. It is believed that the evaporation in the
basin is very intense and that thereby the waters become con-
centrated. The water of the well at the St. Regis Club House is
particularly highly mineralized, and it is to be hoped that a com-
plete mineral analysis of water from this well will sometime be made.
Assays 14 and 15 are tests of shallow wells in the fluviatile deposits of
Arkansas River.
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QUALITY OF THE WATER SUPPLIES OF KANSAS.
BOURBON (OUNTY.

As Bourbon County is underlain by Pennsylvanian rocks hard
waters are to be expected.

The Fort Scott artesian well is 510 feet deep. At 380 feet salt
water was struck, which rose to within 18 feet of the mouth of the
well; at 510 feet water of a different character was found, and the
well became a flowing one. The deeper water is probably derived
from the Ozark dome. The water is sulphosaline in character.
The well of the Hotel Goodlander is 700 feet deep and the water is of
a sulphomagnesian character.

Assays 3, 4, and 5, Table 6, represent tests of deep well -waters.
The waters have a sulphur odor, high chlorides, and high temporary
hardness. Marked permanent hardness is shown by assay 5, while
assays 3 and 4 indicate less. Assay 8, which was made on water
from a prospect hole 500 feet deep, shows the chlorides and temporary
hardness to be greater than in any other well water in the county
that was tested; the softest water is indicated by assay 10. Assays
1,2,6,7,9, 11, and 12 are tests of waters from shallow wells; all of
the waters are hard, but that of which assay 12 is a test is decidedly
the hardest.

TABLE 6.—Analyses and assays of underground waters, Bourbon County.

[Parts per million.]

\ I
Sodium
o Cal- | Magne- Sul- | Chlo-
No. Source. ngtt)h (glil(li ,; g?;; cium | sium ?;flgfr; phate | rine
. . 1 (Ca). | (Mg). \(Nli+1{), (304). | (CD).
* l
ANALYSES.
1| Fort Scott,e Fort Scott artesian. .| ? 510 161 5.4 70 35 | (Na) 550 10 937
(K) Tr.
2 | Fort Scott,c well south of Hotel L 700 201 2.1 76 36 | (Na) 594 6.2 944
Goodlander. (K) 10

a Flowing well 21 feet dee

analyzed probably is o mixture of waters at different depths.

b Kansas Univ. Geol. Survey, vol. 7.
¢ Al, 7.6; B4O7, 11; 8, 20.

; at 380 feet salt water was encountered, which rose to within 18 feet of sur-

face; at 510 feet water of different composition was struck, which began flowing from well. Sample as

8light odor of sulphureted hydrogen.
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TaBLE 6.—Analyses and assays of underground waters, Bourbon County—Continued.

‘ \ |
Car- | Bicar- | Sul- Chlo-
No.| Date. Source. ]('}ggtt)h ‘ Analyst. (IPE%!; borate | honate | phate | rine
| (CO3). (HCOs)., | (804). | (C1).
ASSAYS. }
1905. | ,
1| July 1| Fort Scott, flowing |........l............... ... 0.0 0.0, 304 176 509
well in northwest- ‘ ‘
ern part of city, be- |
tween Mill Creek
and Marmaton
River.
2 | July 29 | Fort Scott, well at 0 279 460 79
Locust Street and
Scott Avenue. |
3 |...do....| Fort Scott, Kramer 4] 427 | Tr 891
deep well b
4 | July 27 | Fort Scott, Missouri 0 481 49| ¢1,017
Pacific Ry. well.
5 |...do....| Fort Scott, artesian 0 294 89‘ 920
well of Bridal V ell
Park. d !
6!...do....| Fort Scott, well of | .0 370 63 | 14
Henry Wagner, 3
miles west of city.
7 | July 1 | Fulton,wellatcream-| 35-40 | .. ............... 3.0 .0 384 222 138
ery.
8 |...do....| Fulton,drilled welle 00 | ! 2.5 .0 582 70 1,630
9| July 27 Garlzﬁld,shallow dug ........ Edward Bartow. .0 -0 156 229 | 34
el |
10 |...do....| Garland, spring, 2 |........l..._. do..o....oo.. ' 0 (4} 210 38" 12
miles south and 3}
miles west of city. ‘
11 |...do ....| Marmaton, dug well 35 | e .0 .0 209 574 311
of J. Seaman. ‘ |
12 |...do....| Marmaton, drilled F40 .. .0 .0 301 626 45
well of J. Pulling. |
|

a Water from rock.

b Odor of sulphureted hydrogen. Water used at baths.

¢ Chlorine possibly high on account of presence of sulphides.

@ Odor of sulphureted hydrogen.

e Drilled for oil: cased 40 feet; abandoned. Water rises to within 22 feet of surface.
J Water at 25 feet.

BROWN COUNTY.

As Brown County is underlain by Pennsvlvanian rocks prospects
for soft waters are poor, but possibly soft waters may be found in the
glacial deposits which are spread over this and adjoining counties.

The analysis and assay 4 (Table 7) represent tests of well waters
in the valleys of Little Delaware and Mission creeks, and show that
these two waters have considerable permanent hardness. The other
assays are tests of waters that have very little permanent hardness
and are believed to be derived from wells sunk in glacral deporits.
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TaBLE 7.—Analysis and assays of underground waters in Brown County.

[Parts per million.]

¢ | - 5 .
| ¥ i3]z
S SR .
= EITELC |88l
No.| Date. Source. 4 Analyst. 3 g EE I e =
Bt “|E|ZEZ|E |2 |52
= - = = _
5 I EIHIE
ST E | = >
& Bl gz g lalE e
ANALYSIS. ! ‘ ‘
1908, | |
1 | September | Ilorton, well of Chi- 30  Chicago, Rock Island atl| 46 | 14 16 87T 4 13| 925
cage, Rock Island & A Pacific Ry. |
Pacific Ry. | : ‘
I )
. Carbo-  Bicar- Sul- Chlo-
No.| Date. Source. {}?g})h (I};‘;r; nate  bonale | phale , rine
. C(CO,). (IICO3).| (S04) * (C1).
ASSAYS. ! | ‘
Sy 19 | Tiawath Hotel Moreland ‘ | ‘ \
1 | July 19 | Hiawatha, tap in Hotel Moreland, city /24, 30, | .
“ fawatha, pin Hotel Moreland, city. (S T BTN PR R 10
2 July 20 Hiawntha,wellofBarnum&Suﬂeyoni !
Towa Streeté ... ... ... ... 40 .0 .0 332 Tr. 14
3 | July 20| Hiawatha, well of Sally Waluthall. on
| Delaware Street, between First and

d
4 | July 18 ngton,well of Itorton Light & I'ower |
‘o

5 | July 20| Reserve, well of H. B. Willard, sec. 1, !
T.I1S.R.IGE...................... 501 .0 .0 263 1 Tr.! 10

@ 8i0g+ FeaOy+4- Al
b Used for ice manufactire and for swimming pool.
¢ Well roars and becomes turbidl on approach of o storm.

BUTLER COUNTY.

The extreme eastern edge of Butler County is underlain by Penn-
sylvanian rocks, but elsewhere in the county the rocks belong to the
Permian (?) series. The ground waters, therefore, may be expected
to be hard and highly mineralized.

Table 8 shows the results of tests of well waters in the valley of
Walnut River and its tributaries.  These waters are shown to have
high temporary and permanent hardness. The only assay is a test
of the city water at Eldorado, which is hard.
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TaBLE 8.—.Analyses und assay of well waters in Butler County.

[Parts per million.}]

Ik s 2|2
T 517
[ e ) R A Y ot _g
. . N A A P
2 . = I =R R vl =R ) [P R 4
No.| Date. Source. Z Analyst. 3. 2 B|Rale |5 AR
< 25 5|Zlzz|E|E ]S |82 2
5 s S Z|2|EE|E|s &5l 2
= g g2 | BBE 2| E|E|I=2E].8
& Z 21882 212|212 21"°
= 205 ‘ ClE ® [T A& |D|r s
I - D
i ANALYSES. | ' '
I 1002, i | |
1/ Oct. 22! Augusta, well...... ...| Atlchison, Tope- | 15 0.6 130, 23|....| 170 ... 74 43|, .|.....
‘ ka & Santa Fe : ;
1903, Ry. ,
2| Oct. 20| Augusta, Atehi- ... .. doo.oo.o.... | 1900 153 28] 0.7 205....] 93 35 168] 70l
| son, Topeka & | oo
i San]ta I'e Ry. !
well. I
3 . Augusta, private | . | ArchieJ. Weitha |.._ ... J . . 0.0 399(....| 45 844
well near north- .
westb corner of . f |
city. | i
4l Augusta.vwellone-‘V.. ..... AOnei L || L0 495|280 1,487
half mile south ‘ Co :
of No.3.e '
3 T Augustad one of |...[..... doo.oe ‘ _______ Lol om0 109 24| s1s
Atchison. Tope- ‘ ! !
ka & Santa Fe ‘ ' i
1902, Ry. wells. i |
6| Sept. 25 | Douglass, well.... . Atehison, Tope- | 16 Tr.; 106 24 46 204;.. 46 54 i...
| I}‘\ﬂ & Santa } |
! e Ry.a i
7 | Sept. 30 | Eldorado, well..... R PN do...........| 23 Tr. 129| 10 25209 ....0 35 420 .. ...
!
ASSAY. | ‘ ‘
1907. |
1| May 12 | Eldorado,  city | 30|oeooeeeo ... T T I 04100 53 44|
water, well, and | ‘ ‘
laterals. . ‘ | !
] |
a Made at laboratories of the University of Kansas. ¢ In Whitewater River bottom.
b In Whitewater River flats. d In Walnut River flats.

CHASE COUNTY.

Chase County is underlain by Permian and Pennsylvanian rocks,
both of which normally yield highly mineralized hard waters.

Analysis 3 (Table 9) shows a salt water, and analysis 2 a water of
high temporary and low permanent hardness. Analyses 1, 5, and
particularly 4 signify that the waters of which they are tests have
marked permanent hardness. The waters assayed have high tem-
porary and permanent hardness.

All of the tested well waters of Chase County are from the valley
of Cottonwood River, and the analyses and assays should be com-
pared with those waters at Durham, Marion, Florence, and Peabody
in Marion County, with the analysis at Braddocks in Harvey County,
and with the analysis at Emporia in Lyon County, which represent
waters in the valleys of Cottonwood River and its tributaries.  Such
a comparison reveals the fact that the permanent hardness of all the

shallow well waters and of some of the spring waters is decidedly
high.



62 QUALITY OF THE WATER SUPPLIES OF KAITSAS.

TaBLE 9.—Analyses and usstys of underground waters of Chase County.

[Parts per million.]

f - S
. ED 5 E
2088 2 | D a
RS L I O I 2
. . B e o B I [ I
. . = I CA R AR I I R0 =
No.| Date. Source. g| -\nalyst. Sl 5 e |5l w512
o B ~| = o [ “ =
z ZiglElgiRe| BB |28 23
jrt s|~IElg|EEl 2 1al2 |85 |5 1=
z Slel2 | 25% £ |28 E|2 1218
x ERERCIECRE] 5|2 ERERECRICRE
= mSc|B e [ |R|a || D |k |E
ANALYSES,
1867,
1] Apr. 8| Clements, At-|..| Atchison, To-|19 |....|122] 20115 (174 |....| 94 |....| 23 56,526
chison, Tope- pekad San-
ka & Santa e taFeRy.
1908. Ry.
2 | July Coltonwood Archie J.| 9.4 0.4 98 1211 0.0, 333 &.20.50) 4 |....|287
Falls, spring | | Weith.
(new  public |
supply).« |
1902. ‘
31 Sept. 30 | Elmdale, arte- |..| Atchison, To- 54 | iy Tra29 48 7.7 12
' sian well. peka & San- |
i . ta Fe Ry. |
4| Sept. 23 | Saffordville, ..|..... do....... 20 | Trpos) 292 | 36 o004 Lol 12 -
surface well. ‘ !
1507, P !
5| Apr. 7| Strong City, At~ ... .. do....... S.06....128 18 55198 L. i 59 ... G4 200443
chison, Tope-
ka & Santa Fe )
Ry. well.
ASSAYS.
1005.
1| July 28| Cottonwood |..| Edward Bar- |.._.| 0. ... .. .. L0 37€ 344 |l 124
Falls, dug tow.
well at court-
house.
2 . ..do..... Cottonwood |31 .... do.__..... A .0 385 61 |.... 24 .
Falls, well 4] | | ‘ |
miles east of
city. | ;
3. .do..... | Elmdale.well,,.:is‘ ..... dooo. ‘ O | L00 2951113 ... 438
| ! !

a Male af laboratories of University of Kansas.

CHAUTAUQUA COUNTY.

Chautauqua County is underlain by Pennsylvanien rocks, which
may be expected to yicld hard waters. Not much is known about
the composition of the ground waters of the county, as only two of
them were tested. Both the analysis and the assay (Table 10) show
hard waters.
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TABLE 10.—Anacys s and assay of underground waters from Chautauqua County.

[Parts per mnillion.]

| ‘ , Ry .z
It | EA S o

< E -2 g}d 8 ;,“\5 =

! = Y - —T|Z|25 7 &

‘ g SRMEIEE RS

No., Date. Source. < Analyst. AN N AR AR
= LIS EIZIEYE|=m| 5|2

= s|=E|8lE6| (228

& 18121 E22t s (1518

j=1 —_ S o= -
= 7E|E|E 2SR |£2IE
ANALYSIS.
1897.
1 | Apr. 7 | Chautauqua Springs. Chau-|. [ E.II. 8. Baileyand E. C. | 282.4] 37|8. 4| 27109|....| 49| 34
tauqua springs.a Frapklin.
ASSAY.
1907,
1 | May 10 | Cedarvale, well of Fred [3S|.... .. ... ... ... ....... JR (N (Y P, L0 325 (1) 524
Cox, on Main Street. ! ‘ |
|
a Wansas Univ. Geol. Survey, vol. 7. b SOy greater than 62.

CHEROEKEE COUNTY.

Pennsylvanian rocks underlie all of Cherokee County except the
southeast corner, which is underlain by Mississippian rocks. There
are two distinet sources of water supply in this county—the shallow
wells, most of which yield hard waters, and the deep wells, whose
waters come from the Ozark dome and are not uncommonly high in
sodium and chlorides and usually smell of hydrogen sulphide.

The results of tests of underground waters in Cherokee ('ounty are
recorded in Table 11. Analysis 1 represents a test of a deep well
water at Columbus; assay 9 is a test of the same water and indicates
higher sulphates than are indicated by the analysis. Analysis 3
shows the water of the deep well at Empire to be low in sulphates,
differing in this respect from assay 12, which indicates high sulphates
and low alkalinity. Assays 16, 21, and 27 are also tests of deep
well waters, and all of them, except assay 16, indicate hard waters.
Assays 1, 10, 14, 18, 19, 20, 22, 23, 24, 25, and 26 are tests of shallow
well waters. Two of these, 19 and 20, indicate high temporary
hardness, and all show marked permanent hardness. Marked per-
manent hardness is shown, too, by assays 2, 3, and 13, which are
tests of waters from three wells somewhat deeper than the shallow
ones. Assay 1 is a test of a soft water. Assays 4 to 7 are tests of
the waters of the well-known springs at Baxter. Assays 11, 15, and
17 are also tests of spring waters, and these appear to be rather softer
than those at Baxter.
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TasLe 11.—.1nalyses and assays of underground waters from Cherokee (‘ounty.

[ Parts per million.]

) ‘ L] 2 .
‘ Ci gg F| 2
. . = = s
= 2 SIS S 2§ R
T r‘\‘ NI*AR: 29 P
No.| Date. Source. & Analyst. A~ = 27 e | o TIa
= 7| @ g[g = s |2 %D
= SIEEEl 5z 5|2 E°
= g g5 % £3 |2 5 /‘5 =
@ = = =57 =i 5
= FlESE 27 | |a ’5 &
|
ANALYSES. ‘
) U P Columbus, welle b..__ 1,400 . 11. Failyer and 11.7’0. t] 43, 22| (Na) 115....| 1436 .
I. T. Willard. (K)" 3.4
1901
2 | June Bavter*:prm rs,spring ... [ AL B Kperr.......] 133.6(126,5.4] (Na) 12; 246| 142 16|....
No. 2.a (K) 42
1899, {
3 | Dee. 271 Enm]ilre, waterworks Edward Bartow. .| 173.9 87 1.0.......... ... 26 Al 22
1 owell. ¢
| |1
3 2 gl g
g <2825 0%
= O |2 3BO0~ o] @
No.| Date. Source. a Analyst. = ooz 2c| 8
= AT Lol Ao
I g |=led =] 2
1 Q|8 [=5 =
a e B o
ASSAYS.
1905.
1 { July 10 { Baxter Springs, city well at River and (... (.. ....._....._._.. 0.0 (.0 261| Tr.| 4.6
Military Streets.
2 1...do....| Baxter Springs, well of Dr. C. M. Jonesd.| 225................... .0[ .0 229 79| 14
31...do. Baxter Springs. wellof St. Louisand San | 285|.... . ... ... ... 2.5 .0| 256) 383 6.6
Francisco R. R.e
4. _.do.. Baxter Springs, spring No. 1.. O 2.0/ .0/ 239] 168 15
5 ...do. Baxter Springs, spring No. 2 oo L0l .0] 2430 130 20
6 ...do....| Baxter Springs, spring of Mr. Newhouse | .... .0l .0p 96 56 25
on north side of Spring Creek.
7 ...do.. Baxter Springs, ¢ Doty Spring " onnorth | ... |................... .5 .0] 213| 119] 15
side of Spring Creek.g
8+ July 14 | Columbus, dug well of Hotel Middaugh..| ....| Edward Bartow..| .0| .0: 134|(%) | 91
9 ...do....| Columbhus, well of waterworks.. 1,400 c.do.. ..o .l L0 0] 341 60 40
10 ...do.... Columhus, well 1 mile south and three- 31f..... do........... L0 .00 36| 88178
fourths mile east of city. 7
11 .do....[ Columhus, sprmt-one—halfmllecouthand U P do........... L0f L0l 71 Tr 9.7
one-fourth mile west of eity. j
12 {...do....| Empire well of waterworks®. . ... ... .. L0 .0] 279, 84| 9.2
13 | July 13 | EmpirewellZ ... .. . . ... Tr.| .0 &0 119 22
14 |...do. .. .| Empire well 2 miles north and 2 miles L0 .0] 162] 113] 65
west of city.
15 {._.do... .| Empire, Chico Sprmz, west of eity....... .0 .0 210 37| 22
16 | July 12°| Galena m. . L0 .0 168 Tr.| 6.6
17 | July 13 | Galena, Tilly Q] .0 1331 42 12
18 | July 15 Hallow(‘]l,c‘ity welloo ..o ..o .0 187) 328| 32
19 | July 10 | Lowell, city \wlln . S .0f .0 2090 56| 30
20 (...do.... Lo“ell well of C. S. Yos Tr.; .0] 406/ 530 50
21 |...do.... qo%mmon well ofmtv waterworks. . 1.8 .0 117 86! 25
22 |...do.... qcammon well at Second Strect and 0 .0| 7.8 238 &6
Qixth Avenue.
23 |...do....| Scammon, shallow well 2 miles north of |..... coodoo ol | Tr .0 116| (o) 20
city.

a Kansas Univ. Geol. Survey, vol. 7.

b Lithinm (Li), 1; manganese (Mn), 2;: &

203, §.4.

¢ The well is 1,004 feet deep and 10 inches in diameter to 175 feet 0% inches to 320 feet and 4 inches to the

bottom,

d Drilled May, 1904,

€ Qample taken from tank.

£ 125 feet southeast of spring No. 1.

g Situated at edge of Spring Creek in back yard.
h 804 greater than 626.

4 Dug in 1869. Hasg never failed.

j Water peddled in city.

kNo longer used as source of public supply.

¢ Originally a prospect hole.
m Used at the ice plant and sold in the city.

n At 20 fect a gravel stratum vields some water; this well is reputed the softest of the city.
0804 greater than 626.

Is used by the Baxter Mineral Springs Water Co. to supnly the city.
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TaBLE 11.—Analyses and assays of undergronnd watcrs from Cherokee County—Cont’d.

z . ]
= P <
No. Dalc. Rource. = Analyst, ) E
E g 3
& | g
R I e O .
AssAys—continued.
1905. |
24 | July 10| Weir, well sonth of Main Street, one-half ... . Kdward Bartow l 0.0 0.6 185 5150‘ 50

mile west of St. Louis and San [Fran-

cisco R. R. tracks. « |

25 |...do....I Weir, shallow well south of Main Street, ... . ... .do.......... Tr. .G 16| 202 66
one-half mile west of St. Louis and San | \ \

Francisco R. R.a ' |

26 |...do....+ Weir, well 5 blocks west and 1 block south 18 ... do........... Tr. .0 239 A6 30
| of Main Street and St. Louis and San ‘
. Franeisco R. R. tracks. i

2% |...do... t Weir, well aticeplant b ... ... .. 3250 ... do... ... .O( -0 462' 35] 35
a Water 3 feet from surface. b Used for public water supply.

CHEYENNE COUNTY.!

Chexenne County occupies a region of high plains traversed by
Republican River, which has cut a valley about 200 feet below the
general plain surface. The highlands are covered with Tertiary grit,
whicly, as revealed in Republican and Arikaree valleys, is underlain
by Pierre shale. The Niobrara chalk and limestone lie at a depth of
1,000 feet or more, but their precise position has not been ascertained.
The thickness of this formation and the underlying Bentcn group is
about 900 feet in northwest Kansas, and the depth to the Dakota
sandstoue is probably over 2,300 feet in Cheyenne County. Un-
doubtedly, this sandstone contains water under sufficient pressure
to rise several hundred feet in a well but not enough to afford a flow,
even in the deeper valleys. Apparently the beds lie nearly level or
dip slightly to the west. So far as is known, there have been no
borings in the county sufficiently deep to reach the chalk. On the
high plains good water supplies for pump wells are usually obtained
by sinking deeply into the “mortar beds,” or Tertiary grit, and in
the valleys the alluvial deposits usually yield considerable water.
It is by no means uncommon in Cheyenne County to find valleys
along the principal tributaries of the Republican River well watered
the year round without any artificial application. The valleys have
been eroded to the base of the Tertiary, and an outlet to the general
body of underground water has thus been provided, so that constant
seepage 1Is in progress, forming pools of living water here ard there
along the streams, and in places saturating the soil of the vealleys to
50 great an extent that even in dryv seasons further application of
water is not destrable.

! Abstracted in large part from Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 202, and from Report
of the Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kansas, p. 99.

T7836°—wsp 273—11—5
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Cheyenne Clounty is interesting to the student of the water problem
on account of the general diversity of conditions eristing. In the
central part of the county, and again to the northwest and north,
certain areas of Crctaceous rocks are exposed. Even in the very
center of the county, at St. Francis, is a small shale area sufficient to
interfere materially with the production of water. In few counties
in the State have more wells been drilled than in this, and in few
localities have the people been more determined to obtain water from
the Cretaceous shales than here, but almost every attempt has failed.
Success following such efforts has probably been due to fissures in
the shale leading off from the Tertiary water. The evidence given
by the wells also seems to indicate that the surface of the Cretaceous
floor is more irregular here than in most localities. Two wells are
reported only a few yards apart, one of which is wholly in the Cre-
taceous deposits, while the other is wholly in the Tertiary.

The only available analysis (Table 12) is of a soft water from a well
in St. Francis. The assays (Table 12) are tests of shallow well
waters in the Republican River valley and indicate soft waters.

TaBLE 12.—Analysis and assays of well waters from Cheyenne County.

[Parts per million.]

: éA L8
I 2R .
JEH SR 2.
3 IR e =
No.| Date. Source. 5 Analyst. .S lgiEz T 1228
< 2 =lel_Zislglelse
~ = |B|glegl 2 218l8
£ — 12|glgzg 8 <15
£ £ % 5% 28 5|8
= ' S
A ES|2g |8 |A|&|E
ANALYSIS. l
1909. | :
1fae.... St. Franeis, well._........ 30 Chicago, Burlington & |a76 | 75, 26 72/216 |....| 54 24
' Quiney R. R.
ASSAYS. !
1907.

1 { Oct. 4| St. Francis, well at court- | 10 ... ... ..., O .0 211" Tr.| 15

house. |
2 |...do...| St. Francis, well at Comt- | 20 ... .....oiiiiinainana.. P P P 0| 271 Tr.| 26

mercial Hotel. :
3 [...do...| St.Francis,well of Chicago, | 30 .. ... ... .. P/ R N U .0 280, Tr.| 20

%u%ington & Quincy .

@ 8i0g+Fep 03+ Ale 0.
CLARK COUNTY.

Clark County extends from the high plains on the divide south of
Arkansas River into Cimarron Valley. The plains are capped by
Tertiary deposits underlain to the north by Dakota sandstone and
to the south by lower Cretaceous sandstones and shales. To the
south the underlying ““Red Beds” are exposed over a wide area.
To the north water for pump wells is obtained from the basal portion
of the Tertiary deposits and from the underlying sandstones. In the
“Red Beds” area the alluvial deposits in the valleys are the only
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sources of supply. Some years ago an attempt was made nes~r Lex-
ington to obtain water in the ‘“Red Beds” by boring 300 feet deep,
but only salt water was obtained. No artesian fresh waters are to
be expected in this county from the ‘‘Red Beds,” and as this forma-
tion is probably very thick, the outlook is discouraging.®

The two analyses (Table 13) represent very different types of water.
Analysis 1 is a test of water from the Permian deposits; analyvsis 2
shows the quality of water from the Tertiary. The former is hard,
for it is high in caleium and sulphates; the latter is soft and satisfac-
tory. The assays in Table 13 represent tests of waters from the
Permian rocks. These waters are highly mineralized and all except
the two, of which assays 5 and 9 are tests, have great permanent
hardness. Assays 6 and 7 show waters very high in chlorides.

TaBLE 13.—Analyses and assays of underground waters from Clark County.

[Parts per million.]

n S
Ei >
A . >
w0 (2| > . i~
M S 2
- < 1212 =tE ]2 2|5
No.| Date. Source. T Analyst. S Llold 52 TR (T |z
& =225 el |V5E
< 15 = 3|yl
e =Bz ggl 15 |8
= s TS 812818 |5 57
£ SlEI21P38E 5 EI2I8
A |5 |C 1% &2 |EE
ANALYSES. ! ‘ ‘ '
1902. r ‘ ]
1| Oct. 25| Englewood, surface well.|...| Atchison, Topeka & | 60, Tr. 114} 42 43 196, 155| 45{. ...
Santa Fe Ry. | .
1908. |
2 | Sept. Minneola, well ....._.... 125 Chicago, Rock Island |...{p8.9 60| 15 16, 17 25| 16 258
& Pacific Ry. I ; i
A e i
s | = ~
= S o R
- ~ = wm (&)
3 ~ g S| T | =
No.| Date. Source. & m s |2 | & °
= = g | =3 | B =}
=3 ~ 3 ST < =
I o 2 o = 8
< e < ot = =
=} = [ S =) R
ASSAYS.
1908. r‘
1| Jan. 2| Ashland, well at schoolhouse Tr.| 0.0 | 222 | 344 26
2 (...do..... Ashland, public welle_.. ... ... .0 L0 245 | 430 359
3 |...do..... Ashland, well of Frank Abeld. .. .0 L0 | 258 | 492 41
4|...do..... Ashland, wellof F. P. Kerns...................... -0 L0 | 197 | 492 26
1907, ’ !
5| Dec. 31 | Englewood, well of Englewood Light & Water Co. ‘
atedge of Five Mile Creek north of block 51 . ... 60 .0 .01 326 70 36
6...do..... Englewood, well at Third Street and Claremont
L5 1 L AP PV .0 .01 430 (¢) ) 1,017
T]...do..... Englewood, well at Price restaurant, Fourth
Street, block 32. ... ..oiveiii e e .0 FLUREEE 3 2 B 1,198
8|...do..... Englewood, well of Alva Milling & Elevator Co.,
B SO 14 0] .0l 317 28 l 226
9 |...do..... Englewood, publlc well on Third Street, a little
northeast of the well of Englewood nght & J
WaterCo. .o e | .0 .0 300 36 I 36
I
a Description abstracted from Prof. Paper U. S. Geol. Survey No. 32, p. 292. d 25 feet to water.

b 8102+ FesOs+ Al2Os. €S04greater than 626.
¢35 feet to water. N
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CLAY COUNTY.

(Clay County is immediately underlain by Permian rocks, except
in the western and northern parts, which are underlain by the Dakota
sandstone. '

Analysis 1, Table 14, shows that the city water at Clay Center,
which is derived from wells in the fluviatile deposits of Republican
River, is very hard. Analysis 2 represents a test of water in a shallow
well and indicates low permanent and high temporary hardness.
The assays were made on the same waters that were tested by the
two analyses and confirm the results.

TaBLE 14. —Analyses and assays of underground waters from Clay County.

(Parts per million.]

S |2 [E|E
) i = 2
- L |ZEBEIE IS IS 81 E
No.| Date. Source. = Analyst. Slgs+T &l Bt
g Sl < |SEEa|el 3T =181
ha2 7 e g E SZla| 2|8 |e|ae| 2
= | EEE-E| 8|S EZT
= @ 2lg =2 g [CIE| =
2 Sl g |T &= s e FREIREREE
j S == (5|2 |2 (2e3
=) B SCEz TR |a BrlE
| e o R
ANALYSES. | [ f
1908.
1 | Sept. Clay Center, city wa- 26—38‘ Chicago, Rock Is- |..le 22‘186 411 28 193|....| 321,27|...| 818
terworks, 5 wells. | ( land & Pacific | | \
2 (...do..... Clifton, city water- i 60 | MISSOUH Pacific 32‘ 1.3 62025 35169.... 29/15'9.2 378
works, wells. ! Ry. l
ABSAYS. |
1907.
1| Feb. 26 | Clay Center, public |26~38|.. ... ... ........_.. O{ ....| .0 358! 328 24|..
walter supply from & l ﬂ '
wells. i
2 | Feb. 25| Clifton, public water | b60......._.............. ITr ... .0 263 Tr. 14|...|. ...
supplv well. M ‘ ‘ ‘ I i
3] Aug. 5{.....do................. ‘ bb{)‘ .................... L0l 0) 253 Tr.iZO..
| ! |
a 8iO2+ Fes034 Al20;. b Water stratum at 53 feet.

CLOUD COUNTY.

In Cloud County the divide between Solomon and Republican
rivers is capped by Benton shale and the lower lands are excavated
in Dakota sandstone. This sandstone yields water to many shallow
wells, both in the area of its outcrop and on the divide, in borings
which pass through 25 to 150 feet of Benton shale. The conditions
are unfavorable for artesian waters. The Dakota sandstone is under-
lain by shale, sandstone, and limestone of the Permian series, which
are probably several hundred feet thick, and altbough these rocks
as a rule contain water under considerable pressure, it is ordinarily
too salty for domestic use.!

I Deseription abstracted from Prof. Paper U. 8. Geol. Survey No. 32, p. 292,
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CLOUD COUNTY.
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In Table 15, analyses 1 to 5 record tests of wells in Republican
River valley. Of these five, 2, 3, and 5 show high chlorides, and all
of them, especially Nos. 2 and 5, indicate hard waters. Analysis 6
shows a very satisfactory water from a well in the valley of Buffalo
Creek. The results shown in analysis 7 indicate a rather hard water.
Assays 1 and 2 show waters of marked temporary hardness. Assay 3
shows a water of marked permanent hardness.

COFFEY COUNTY.

Coffey County is underlain by Pennsylvanian rocks, which may be
expected to yield hard waters. All of the assays in Table 16, except
Nos. 6 and 7, show waters of high temporary and permanent hard-
ness; assays 2 and 4 indicate high chlorides.

TABLE 16.—Assays of underground waters from Coffey County.

[Parts per million.]

S
ZE [~
o =
- (S B
No.| Date. Source. B Analyst. Tl E RS
2 o5 |5|8e
= =g 83|=|8
= —“lg | |g |5
2 gIE|E|&8|=2
L 2212|218
a A T A |lxm |O
1905.
1 Juh 26 | Burlington, well at courthouse. .. ... .. _. 26 | Edward Bartow...|0.0 0.0 [436 |238 | 49
2 {...do.... Burlington, well in northeastern part of E 22 .0 .01|542 | 85 | 238
city.
3 |...do....| Burlington, Kingsbury, well in southern | 16 0 ,.0 480155 | 71
limits of city. ’ i
4 | July 25| Burlington, shallow well 13 miles south .. .| _ ... do............ .08 .0 (281 | 80 | 149
and 2} miles east of bridge. . !
5! ..do....! Leroy, publicwell......................_. 25 ... do............ L0 .0 (442 1 67 | 46
6 |...do....| Leroy, well 4} miles north and 1 mile west | 15 |..... do............ N l L0267 | Tr.| 26
3 of city.
7|...do....| Leroy, drilled well 2 miles east of city.. 25 ..., do............ .00 (130 |. 24
1907.
8| Aug. 27 Waverly, welle_. ... ... ... ... i 26 | . .0 ] .0 (301 |130 | 19

a Blasted out of limestone rock. Public supply.
COMANCHE COUNTY.

The geologic conditions in Comanche County are similar to those
in Clark County to the west.

Analyses 1 and 2, Table 17, represent tests of waters from the Per-
mian, and analysis 3 is a test of one from the Tertiary deposits. Of
these three the last shows a somewhat softer water than the other
two, which denote waters of high permanent and temporary hard-
ness. The assays show the quality of the waters of several shallow
wells that are located in the valley of Cavalry Creek between Protec-
tion and Coldwater. These waters are all soft, except that of which
assay 2 is a test.
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TABLE 17.—Analyses and assays of underground waters from Comanche County.

[Parts per niillion.]

; = N
N 3 H
285212 o
. 1o lelg B E|F .5
= = I =R I R I R
No.| Date. Source. g Analyst. S| K| E 825 | = = < g
< Z ezl e 215 82z
= SIEIE|EEE )2 252
& Sl 2B ¥ [E "é ERESRE] g
& ZEEE R |5 |2 EF
|
ANALYSES. |
1901. |
1| May 24 | Protection, well........ ..! Atchison, Topeka & |..|....[90f 24 38| 129|....| 14727 39
Santa Fe Ry. ‘
1902.
2| Oct. 21 | Protection, surface welll._l... .. i L 291 2,255 20| 68 175)....] 45'18/....
3| Oct. 14 | Wilmore, surface well..;..'.....do................ 120 Tr.|86| 7.6 16/ 127|.... 39‘21
P
]
s |
5| 8| =
. S8 |5
= 4 bt o )
No.| Date. Source. 2 s |3 | =2
S k=l g g @
= | = =] 2 ] k=
=3 ~ 2 Bl =
R R
=~ | A o] = & &
ASSAYS.
1908.
1| Jan. 3 Protection, well of J. A. Wuchter. 221 0.0 0.0 237 | Tr. 16
2 |...do.... Protection, well of P. P. Wuchter. 22 .0 .0 134 530 30
3 |...do.... Protection, well of B. U. Towner's livery barn...... 12 .0 .01 226 45 20
4. .do....| NW.4sec.24,T.328.,R.19W., wellat house of Over-'....| Tr. .0 267 | Tr. 20
street Ranch. |
5|...do.... NE.!sec.1,T.338.,R.19W., well of Mr. Fish...... | 64 .0 .0 262 | Tr. 15
61...do.. Coldwater, well of Jeff. Price, block 32,lot 1.._._._.. 8 .0 .01 138 | Tr. 10
7 ]...do...., Coldwater, publicwella...__......._....... ... 65| Tr. .0 178 | Tr. 30
§|...do.... Coldwater, well at rear of courthouse. .. ......_..... 78 .0 .0| 133 Tr. 10
1

e Iron, possibly from galvanized iron extension at bottom of well.
COWLEY COUNTY.

Most of Cowley County is underlain by Permian rocks, but the
valley of Grouse Creek and the eastern part of the county is under-
lain by the Pennsylvanian series. Both rock series yield hard waters.

Analysis 1, Table 18, shows a water high in calcium, sodium, sul-
phates, and chlorides. Analyses 2 and 3 show waters of very high
permanent and considerable temporary hardness. Analysis 4 Is a
test of a water very high in calcium, sodium, sulphates, and chlorides.
The permanent hardness disclosed by analysis 5 is less than that of
the other well waters, but the temporary hardness of the water is
very high. Of the assays recorded in Table 18, No. 5 is the only oxe
which does not indicate very great permanent hardness.
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QUALITY OF THE WATER SUPPLIES OF KANSAS. n38
CRAWFORD COUNTY.

Crawford County is underlain by Pennsylvanian rocks, which may
be expected to yield hard waters, but in the southeastern part of the
county are deep wells that derive their waters from the Ozar% dome.

Analyses 2, 4, 6, and 7, Table 19, together with assays 2, 3, 4, 5,
7, 10, 14, and 15 of the same table are tests of waters that come from
wells about 900 feet deep and are believed to be derived from the
Ozark dome. These waters differ considerably in character, but most
of them are sulphureted and all have marked permanent hardness.
The greater part of these deep-seated waters have considerable tem-
porary hardness and some of them are rather high in chlorides.
Analysis 6 and assay 13 ave tests of water from a well 1,500 feet deep,
which is believed by the owners to be dertved from the St. Peter
sandstone. Analysis 5 is a test of a spring water which is shown to
be uncommonty soft for a ground water from the State of Kansas.
Analysis 1 and also assays 1,6, 8,9, 11, and 12 are tests of shallow-
well waters. These waters are very hard and some of them are high
in chlorides.
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76 QUALITY OF THE WATER SUPPLIES OF KAITSAS.
DECATUR COUNTY.!

Decatur County is an undulating region of high plains cut to a
depth of 200 to 300 feet by the valleys of Beaver, Sarpa, and Prairie
Dog creeks. The entire area appears to be mantled by the Tertiary
“mortar beds’’ and other deposits, although possibly these have been
cut through in the deeper portions of some of the valleys.

The county is underlain by Pierre shale, which is thin to the east
but thickens rapidly to the west. The underlying Niobrara chalk
and the Benton group have a thickness of about 909 feet, and dip
gently to the west. These statements indicate that the Dakota
sandstone probably lies at a depth of about 1,000 feet in the eastern
portion of the county and considerably deeper on the higher lands in
the west. Three deep wells have been bored in the county, at Jen-
nings, Kanona, and Oberlin, which throw considerable light on the
underground geology.

The boring at Jennings was sunk to a depth of 1,050 feet, and a
large volume of water, rising to within about 400 feet of the surface,
was found in the lower sandstone, which is probably the Dakota. At
Kanona, in 1903, a deep boring had progressed to the depth of 1,620
feet. A sand (Dakota) was encountered at from 1,420 to 1,550 feet,
which yielded water in considerable amount that rose to within about
450 feet of the surface. These borings prove that the Dakota sand-
stone extends westward in Kansas and contains a water supply, but,
unfortunately, the head is too low to afford prospects for flowing
wells, even on the lowest lands.

At Oberlin a well said to have a depth of about 1,070 feet, through
chalk and shale to a bed of sandstone, yields a small flow of water
(and gas). It is believed that this well is not deep enough to pene-
trate the Dakota sandstone and that it obtains its supply from the
saliferous shales at the base of the Benton, a water horizon not
reported in the boring at Kanona.

Analysis 1, Table 20, shows a soft water; analysis 2 one of high
temporary hardness, and analysis 3 one of high permanent and tem-
porary hardness. Assay 1 shows a water of high temporary and
permanent hardness. Assays 2 and 3 indicate soft waters and assays
4 and 5 waters of high temporary hardness. Assay € is a test of the
water of a flowing salt well. The chlorides are very high, the bicar-
bonates moderate in amount, and there are no sulphates, which is
unusual in the deep-seated saline waters of Kansas.

1 Description abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, pp. 293-294.
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TaBLe 20.—Analyses and assays of underground waters from Decatur County.

[ Parts per million.]

{ | ‘ ! "}) = -

‘ ' B2 e @

W o Alo | . -

| | | > ad S|l = s
‘ [ i S| TS 5104
Q - @] S8>SR T iaT
No.| Date. ‘ Source. z Analyst. ) ‘{,‘E EZl g i e | I A
< DRI =N DA I = I A T o
| = =gl7lez| 2B 2|8 °°

= ~ 2 EEBIR I 2153

£ E: 2375 212128

| ‘: (=< =2 |Slala|cE

’ ANALYSES. ! l ‘ ‘ l )
1908. | 1
1| Sept. ‘i Jennings, well....... ‘ Jb‘ Chicago, Rock Island & Pa- 'a18 72/ 18 8.5 142)....123 | 10 291
cific Ry.
1909. | | ) ! ‘
2. Norcatur, well...._.. 245 Chicago, Burlington & |a82) 82| 2522 | 196 | 83 4.,
| Quiney R. R.
3 B | Oberlin, well._..._.. 16..... 6 o T ail 140‘ 39186 | 337(....(78 [ 38....
!

|
Car-  Bicar- | Sul- | Chlo-
No.| Date. Source. 1&5531 (llff:)l bonate bonate | phate | rine
! . i(COx). (HCO3).} (804)., (CD.
' |

| _ R
, ASSAYS. ‘ ‘ ‘
1907. | ‘
1| Oct. 2| Cedar Bluffs, well at Chicago, Bur- 38 0.0 0.0 | 377 53 36
lington & Quincy R. R. station. i !
2 | Sept. 30 + Jennings, well of B. W. Simpson & .... 10 | .0 ' .0 290 | Trace. 26
3 1...do..... Kanona, well of H, A, Hansen, sec. ........ .0 .0 236 i...do... 15
17, 7.3 8., R. 27 W. | }
4 | Oct. 1| Oberlin, city waterworks well........ 38 01 .0 317 |...do... 20
5(...do..... Oberlin, well of Chicago, Burlington & '........ 10| .0 ‘ 394 |...do.. .| 26
Quincy R. R.
6 |...do..... Oberlin, flowing salt well c......._..... 41,000 .0 .0 i 249 .0 5,454
| .
a SiOz+ Fep0:+AlOs3. ¢ Natural gas bubbles up through the water.
b Sunk in 1902. d About.

DICKINSON COUNTY.

Dickinson County is almost wholly underlain by Permian rocks,
although in the northwest and southwest are patches of Dakota
sandstone.

The city of Abilene gets its water from the Dakota sandstone and
the supply is very satisfactory, as analyses 1 and 2 and assay 1 (Table
21) show. All of the other analyses recorded in this table show very
hard waters. The permanent hardness is due to the large amount of
calcium sulphate or gypsum that is dissolved by the waters from the
Permian rocks. Erasmus Haworth (by letter) says that in some
places in southern Dickinson County the gypsum is exposed imme-
diately at the surface with hardly enough soil covering to hold rain
water an hour after the rain.

In Table 21, analyses 5 and 12 show waters remarkably high
in sulphates. All of the assays except No. 1 indicate highly mineral-
ized waters high in sulphates.
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K0 QUALITY OF THE WATER SUPPLIES OF KANSAS.
DONIPHAN COUNTY.

Doniphan County is underlain by Pennsylvanian rocks which m
be expected to yield hard waters. The glacial deposits that cos
much of the county possibly afford a somewhat softer water.

Both the analysis and assays in Table 22 represent tests of t
waters of wells sunk in the drift, and these waters have rather hi.
temporary hardness but almost no permanent hardness.

TABLE 22.—Adnalysis and ussays of underground water frem Doniphan County.

[Parts per million.]

S
- SNTSH T TS
= 3 ST | iz |T
No.| Date. Source. B Analyst. AR DA - R 1
< :‘-J\ = E =] 5 8 @
o ‘ = |&8|2|E :‘ 21313 |8
= —2lglBEl 8|S |4 |5
Z 19| @Es 22 &8
3 Sia|Z3% B8 ]2 |=
<) r:«' oAz | T i:ﬂ z |T
ANALYSIS. ‘J !
1908. |
1| Sept. Bendena, dug well of ' 75| Chicago, Rock 1lsland 9.9, 54 21, ¢ 115'... ' 280.9
Chicago, Rock Island | & Pacific Ry. X L
& Pacific Ry. ‘ |
i
ASSAYS. : i
1907. | | |
1| July 17 | Troy, well of Wm. | 70|........ ........c.oc... o] I 0 334‘ 0 40 .
stuart.b |
2|...do..... Troy, well at Hotel 70........................ Tr.|...l...|[....] .0 432 .0} 45|
Avon. ‘ | P
a 8103+ Fea03+ Al03. b Sunk in 1901.

DOUGLAS COUNTY.

As Douglas County is underlain by Pennsylvanian rocks, ha
waters may be expected except possibly from wells in glacial deposi

All of the analyses recorded in Table 23 are tests of the waters
wells in Lawrence at the edge of Kansas River. The water from t
wells of the Lawrence Water Co. has high temporary and co
siderable permanent hardness. Moreover, the water carries mu
iron in solution that has to be removed by aeration and the adc
tion of chemicals before the water can be delivered to the pubi
The water of the wells of the Lawrence Paper Manufacturing
has greater permanent hardness than that of the water compau
Analysis 5 shows the character of water from an old test hole.!

Assay No. 1 shows a soft water. The other assays indicate wate
of marked permanent and temporary hardness.

1 Kansas Univ, Geol. Survey, vol. 7, p. 151,
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EDWARDS COUNTY.!

Edwards County lies in Arkansas Valley and is mainly underlain
by Dakota sandstone. On the bottom lands the sandstone is largely
covered by alluvium; the highlands are mantled by Tertiary deposits.
In the extreme northern portion of the county Benton shale outcrops
in a small area. The principal water supplies are derived from the
lower portion of the alluvial and the Tertiary deposits, though some of
the wells penetrate the Dakota sandstone and obtain good waters at
moderate depths. So far as known no attempts have been made to
sink deeper wells, and as the ‘“Red Beds’ lie at no great distance
below the surface, are of great thickness, and yield only saline waters,
there is no encouragement for deep boring in this county.

Analysis 1, Table 24, is a test of a soft calcic alkaline water from
the Tertiary deposits. The other analyses were made in the course

“of an investigation of the quality of ground water in the vicinity of
Kinsley. They demonstrate that most of the waters in the locality
are unsatisfactory for use in boilers. Analyses 8, 1, and 13 show
good soft alkaline waters, and analysis 12 indicates a hard calcic
alkaline saline water. Analyses 3, 4, 5, and 6 are teste of sodic saline
waters. Analysis 7 shows a calcic magnesic saline water. Analyses
11 and 14 to 22 demonstrate calcic sodic saline waters. Analyses 2
and 9 show highly mineralized sodic calcic magnesic saline waters.
Calcic sodic saline waters are characteristic of the underflow of
Arkansas River. As these waters of the underflow are high in
sodium, magnesium, and sulphates, they are laxative in their effect
on those unaccustomed to their use, but within the river valley they
are used for public water supplies and apparently have no therapeutic
effect on the citizens.

1 Deseription abstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 295.
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84 QUALITY OF THE WATER SUPPLIES OF KANGSAS.
ELK COUNTY.

Elk County is underlain by Pennsylvanian rocks, therefore hard
waters may be expected. No water assays were mede of the ground
waters in this county, nor are there any analyses of these waters
available for publication.

ELLIS COUNTY.

Ellis County is underlain mainly by the Benton rocks, but the high
divides to the west are capped by the rocks of the Niobrara forma-
tion and some Tertiary deposits. The Dakota sandstone lies at a mod-
erate depth, averaging from 300 to 400 feet through the greater part
of the county, but inecreasing to over 500 feet in the highest lands to
the west and diminishing to less than 200 feet in the deeper valleys
to the east and south. The rocks dip gently to the north. A num.
ber of wells have been sunk to the Dakota sandstone, but no reports
have yet been obtained as to their results.

In 1903 a boring was sunk on Smoky Hill River, 15 miles due
southwest of Hays, on the S. § sec. 10, T. 15 S., R. 20 W., a depth
of 1,777 feet being reached. 'The driil passed through the Benton
shales and Dakota sandstone into the ‘“Red Berds,” which were
reached at a depth of 628 feet. Considerable water, which rose
within 70 feet of the surface, was found at the top of a thick bed of
sandstone, presumably Dakota, at a depth of 215 feet. Near the
bottom of this sandstone, at a depth of 500 feet, there was a strong
artesian flow of fresh water, which is still flowing vigorously and
under sufficient pressure to rise 15 inches above the top of the casing.
Artesian salt water was found a short distance below, and at intervals
to a depth of 993 feet.!

Assay 3, Table 25, shows the quality of water from the gypsiferous
shales of the Dakota and assay S that of a water from the gypsiferous
and saliferous shales of the Dakota. Both waters are very hard and
that from the saliferous shales has a salty taste. Assays 2 and 7
mdicate waters having high temporary and permanent hardness.
The other assays recorded in the table represent tests of well waters
in the valley of Big Creek and show that these have high temporary
and little permanent hardness.

1 Abstracted from D’rof. Paper U. S. Geol. Survey No. 32, 1905, p. 295.
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TasLe 25.—.dssays of underground waters from Ellis County.
| Parts per million.}

| S
= E .
Q =
z S-S RN
No.! Date. Source. g L le 12128
& T | B =1 o
< < =] - o
= = g 2 < g
= ~ o =~ 13
' B lg |2 |8|2|8
2121815 28 1&
A - | < o} @ |
1907. [ [
1 | Sept. 20 | Ellis, well of R. R. Davidson, Washington Street a..... 37| Tr. J 0.0'262 | Tr. 15
2{...do..... Ellis, well at rear of drug store on north side of Main | ' !
83 2 e 30 0.0 .0 | 367 , 406 88
31]...do..... Ellis, well of J. P. Riedel, 9 miles northeast of city, on | ) !
sec. 21, T.128. R.IGW.b Lo .. 523 L0t L0300 460 39
4 Tays, well of Windsor Hotel, Chestnut Street ... .. . 300 .0y .0 344 |Tr. 15
5. Hays, points of city waterworks, tap in Hotel Brunsw k! 35| 0| .0l312 7T | 24
6 Hays, Ryan well. ... .o J 235;3 }1.5 L0} 317 | () 566
71- Hays, well at Agricultural Experiment Station......... |32 .0' .0 369 651 30
8 Hays, well of Ixa\par Leiker, 7 miles southemt of city, |
on NW.%sec.27, T.14 S, R.I8Wud. ... ........... | 245 | .0 | .0 ‘ 377 1287 722
i .

a On north of Big Creek, where water is locally believed to be better than on south side.

b Sunk in 1902. Waler rose to 512 feet. Well cased full depth and derives water from Dakota sandstone.
¢ S0, greater than 626.

2 A few miles east of this well Mr. Stoner, Kaspar Klaus, and others have wells of about the same depth.

ELLSWORTH COUNTY.

The Dakota sandstone is at or near the surface throughout Ellsworth
County, except in the deeper portion of Smoky Hill Valley to the
southeast, where the underlying Permian rocks are cut into. The
sandstone affords awater supply, in most places of satisfactory quality,
for many wells of various depths.  On some of the lower lands between
Ellsworth and Black Wolf the water flows in small volume in wells
which reach the lower sandstone of the Dakota formation.

At Palacky, where the Benton shale is the surface formation, a well
336 feet deep obtains a large supply of slightly salty water, which
rises to within 176 feet of the surface. In the northeastern corner
of T. 14, R. 9, which is also on the Benton shale, a well 384 feet deep
obtains a small supply of fine water, which does not rise materially
in the well, at a depth of 170 feet. As a number of borings in this
county have penetrated deeply into the Permian rocks underlying
the Dakota sandstone and found only salt water, it is probable that
fresh artesian waters are not obtainable.!

In Table 26 calcic alkaline waters are shown by analyses 1, 2, and
9, and a sodic calcic alkaline water is indicated by analysis 5. A
calcic saline water is denoted by analysis 6 and a calcic sodic saline
water by analysis 8. Sodic calcic saline waters are demonstrated by
analyses 3, 7, and 10. Assay 1 indicates that the old public water
supply of Ellsworth, which is derived from several underground
sources, has high temporary hardness and is low in sulphates. Assay
2 shows a very hard water. Assay 3, one of high temporary and low
permanent hardness, and assay 4 indicates a water that is highly min-
eralized and rich in chlorides.

1 Description abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 296.
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QUALITY OF THE WATER SUPPLIES OF KANSAS. 87
FINNEY COUNTY.

Finney County comprises a region of high plains in its northern
part, a portion of Arkansas Valley across its center, and an extensive
district of plains and sand hills in the south. The only running
water is Arkansas River and some small streams in the headwaters
of Pawnee Creek. Springs are very rare. Shallow wells obtain
variable supplies from Tertiary deposits, valley alluvium, and dune
sands. Some deeper wells reach Dakota sandstone, which underlies
the county at a depth of 200 feet in the southern portion, 400 feet at
Garden, and 1,000 feet or more in the northern and northwestern
portions. In the northeast corner the Dakota sandstone has been
reached by several wells about 400 feet deep and a large supply of
water found. The quality, however, has been somewhat variable
and at some localities is too salty for use. It rises considerably but
does not reach the surface. A well at Kalvesta, 355 feet deep, failed
to reach the top of the Dakota sandstone. In a boring half a mile
northwest of Garden it is claimed that a depth of over 1,000 feet
was reached without obtaining a satisfactory supply. The record
is somewhat difficult to interpret, but apparently the boring entered
the Dakota sandstone at a depth of 460 feet and continued in it for
250 or 300 feet. Two wells, 400 feet or more in depth, are reported
north of Ravenna, in the northeastern corner of the county. They
found water in shales, but its quality was unsatisfactory.!

In the valley of Arkansas River the ‘“‘underflow” of the river
feeds many wells. This underflow is believed to have its source in
the rain that falls on the sand dunes south of the river and that is
making its way southeastward beneath the river. Water taken at
the top of this underflow is high in sulphates, whereas water taken
deeper down in it is usually less heavily loaded with them.

Analyses 1 to 15, Table 27, are tests of waters about Garden.
Of these soft calcic alkaline waters from wells south of the river at
Garden are shown by analyses 7, 8, and 9, and a calcic alkaline
water of fair quality from an artesian well is indicated by analysis
13. Soft calcic sodic alkaline waters from wells in the sand hills
south of the river are shown by analyses 10 and 11, and calcic sodic
alkaline waters from artesian wells are shown to be somewhat high
in sulphates by analyses 12 and 15. A laxative sodic caleic mag-
nesic alkaline water from an artesian well is shown by anclysis 14.
A hard calcic magnesic saline water is indicated by analysis 3, a
highly mineralized calcic magnesic sodic saline water by aralysis 2,
and an unsatisfactory calcic sodic magnesic saline water by analy-
sis 1. A highly mineralized sodic calcic saline water is shown by
analyses 5 and 6. A highly mineralized sodic calcic magnesic

t Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 297.
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saline water is demonstrated by analysis 4. Analyses 16 to 21
show the quality of ground waters m the vicinity of Pierceville. Of
these soft caleic alkaline wuaters are shown by analyses 17 and 19.
A soft caleic sodic alkaline water is denoted by anslysis 18. Calcic
sodic magnesic alkaline waters high in sulphates are shown by analy-
ses 16 and 20. An unsatisfactory caleic sodic magnesic saline
water is marked by analyvsis 21. Assay 1 is a test of a well in the
shallow valley northeast of Garden and shows the water to have a
very high temporary hardness. The ground near the well had been
plowed and looked as though it was covered with frost, so abundant
was the white alkali. The valley is probably an old course of White
Woman Creek. Assays 2, 3, 4,5,6,7, and 11 are tests of the waters
of shallow wells that tap the upper portion of the underflow. These
waters are high in sulphates. Assays 8, 9, 10, and 12 show the
quality of the waters of wells that extend down deeper into the
underflow, thereby getting less highly mineralized waters.
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QUALITY OF THE WATER SUPPLIES OF KANSAS. 91
FORD COUNTY.

Dakota sandstone underlies the southeastern half of Ford County,
and Benton shale the northwestern half. Both formations are exten-
sively covered by Tertiary deposits on the higher lands and by
alluvium and dune sands along the Arkansas. Shallow wells obtain
water supplies from the younger formations, and some wells in the
eastern part of the county reach the water in the Dakota sandstone.
No artesian flows are promised in this county, unless possibly from
the ‘““Red Beds” which underlie the Dakota sandstone, and the
waters of these rocks are invariably salty. The formations below
the ‘““Red Beds” might present different conditions, but probably
lie too deep for ordinary well borings. It is said that in 1886 a boring
for coal, 1,000 feet deep, was made at Dodge, but that it found
neither coal nor water, and undoubtedly ended in the ‘“Red Be-s.” *

In Table 28, analyses 1 and 2 represent tests of a soft calcic alkaline
vater at Bucklin; analyses 3 to 38 record tests of ground water
around Dodge. The water tested by analyses 7, 9, 10, 18, 19,
and 26 belong to the calcic alkaline class and are of good quality;
calcic alkaline waters of fair quality are represented by analyses 15,
20, 31, and 32, and calcte alkaline waters of poor quality for use in
“oilers are indicated by analyses 9, 24, 25 28 30, and 38. (alcic
sodic alkaline waters of good quality are represented by analyses 12
and 13; calcic sodic alkaline waters of fair quality are indicated by
analyses 29 and 37. A calcic sodic alkaline water of poor quality is
axhibited by analysis 23. Calcic magnesic alkaline waters of good
nuality are indicated by analyses 33 and 34; waters of the same class
ut of fair quality are represented by analyses 11, 16, and 3%. A
moor water of this same class is shown by analysis 36. A sodic
caleic alkaline water of poor quality is indicated by analysiz 14.
alcic saline waters of poor quality are represented by analyses 5, 6,
and 17, and a calcic saline water of very bad quality by analysis 4.
“laleic sodic saline waters of poor quality are indicated by analyses
21 and 22. Tests of two soft calcic alkaline waters at Spearville
are recorded in analyses 39 and 40.

The assays represent tests of two wells of the Midland Water, Light
& Ice Co. These wells are near together and yield water like in
composition, which is unusual in wells that tap the Arkansas River
nnderflow and differ in depth as greatly as do these two.

1 Abstract from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 298.
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QUALITY OF THE WATER SUPPLIES OF KANSAS. . 95
FRANKLIN COUNTY.

Franklin County is entirely underlain by Pennsylvanian rocks
~vhich may be expected to yield hard waters.

The only analysis (Table 29) is a test of a water high in calcium,
nagnesium, and sulphates. Assays 1 and 2 show waters of great
‘emporary and permanent hardness that are high in chlorides.
Assays 4 and 5 show water of great temporary and permanent lard-
1ess that are low in chlorides, and assay 3 1s a test of a water of great
nsermanent hardness, but one that is somewhat lower in bicarbonates
“han the others.

TaBLE 29.—Analysis and assays of underground waters from Franklin ('ounty.

[Parts per million.]

[ 2 N
LR
\ clla% 8;, 2~
. Al = 1< Ej‘: S e
“To.| Date. Source. . Analyst. = Clgidayls|l2 (D
T ~ A ~ =
=3 ZlE|el5|es5 /5|2 g
< S I2E g g 5] g 2 3 | 8
B g T 51E% 2 51 & |8
g S1E|5 &% 5 |5 |2
a Z|E|Cc|A@® |C|R{a (D
, - T T o
1 ANALYSIS. i
) P, ‘ Williamsburg, bored well L E. H. 8. Bailey | 67; 11 916) 485 156 . _._' .. 2,979 202
of F. H. Welsh.a and D. F. Me- |
Farland.
ASSAYS. i
1905. |
1 | June 19 Otta\ﬁ'a, Shaner House | 32|.................... Tr.~ ......... ceas 0.0 427 ~1601 331
Well.
2 |...do..... Ottawa, Rohbau well, 0‘ 0 434 191 244
one-half block north ‘
i of courthouse. |
3 ...do..... Otta‘ﬁ'a, Forest Parkdug |...!................... | b Lias L0283 3000 40
. well. \
4 ' . _do.....| Ottawa, Forest Park |26 .................... .0’ ........ o] .0 434 28T GO
| bored well. ’
5 '...do.....| Ottawa, Sylvan Spring |......_.......... s JAU B Y DR .0 399 202 56
at edge of Eight Mile i |
Creek. ] ;
|

o Kansas Univ. Geol. Survey, vol. 7, p. 191.
GEARY COUNTY.

The analyses and assays in the following table represent tests of
vell waters in the fluviatile deposits of Kansas and Republican
“ivers and are not typical for water generally found in Geary County,
most of which is underlain by Permian rocks.

Analysis 1, Table 30, indicates a very satisfactory water for domes-
‘ic use, for neither the temporary nor permanent hardness is higl.
Analysis No. 2 denotes a water having high permanent and very
high temporary hardness. The assay shows greater temporary hard-
ness in the water of Junction than is indicated by the analysis,
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TaBLe 30.—Analyses and assay of underground waters from Geary County.

[Parts per million.]

| I | I & -
T T EIREERE
! . SORS
! | it 2 g 4 -
! ~ J,.a - =4 "g:'e— 8 MNP
No.| Date. Source. ‘ z “ Analyst. SN 5 &2, E }gj 2T
| < Zg(5|50g 2 512z
‘ = cciElgiEE g2 2|80
| - 1E glE|EE%E 2 E &2
‘ P E BslEE 512|512
! | a j@ SjC|Ba [S|A|a|C ¢
_ e [ - - = —
' | |
L ANALYSES. ‘ !
|90, :
1| Mar. 5 : Junction, well at city 60 Union Pacific 200.8 77|15 24 141 ....| 33| 25 ¢
| ! waterworks. R. R. ol | .
|
v 1905, , :
2 ' Aug. 30 | Junction, well of the 40| Kennicolt Water | 23 1.4156| 23, 75} 189[. .. .1 82,172 ..
Electric Railway, Softener (o. | '
Light & Ice Co. Pt
I
ASSAY. ' | '
1907, ; | | }
1| Feb. 26 | Junction, city sup- | 5962 ... ... ... ... ... ... 0Ll .0 324 Tr.| 20
‘ ply, 13 wells. 1 ‘ ) ) )
) i

GOVE COUNTY.

Gove (County extends from Smoky Hill Valley north to the south sic
of Saline Valley, and comprises a region of high plains intersected t
several branches of Smoky Hill River and the head of Big Creek. Tl
highlands are covered by Tertiary deposits, but the valleys have bee
cut through this mantle and widely expose the underlving Niobral
chalk. The depth to Dakota sandstone ranges from about 600 fe
in the southeast corner of the county to slightly over 1,100 feet in tl
northwest corner, as nearly as can be calculated on the assumptic
of a thickness of 400 feet of Niobrara formation #nd 450 feet of Be-
ton formation. A few wells have been sunk n the county whic
attempted to penetrate the shale, but they were not successful. Or
well in the southwest corner, 3 miles south of Smoky Hill Rive
reached a depth of 400 feet, 48 feet of which were reported as surfac
material, and the remainder of chalk, of which the lower 52 feet we-
white. At the depth of 400 feet a supply of fine water, reported 1
amount to 20 barrels per day, was obtained. In the vicinity
Catalpa a well of 400 feet had about the same result. Near Gooc
water a well 501 feet deep at a depth of 501 feet obtained a sma
amount of water. These borings, of course, were all too shallow f
reach the Dakota sandstone. It is probable that in the lower lanc
of this county this sandstone would yield flowing water of modera’
volume and of satisfactory quality.! .

Wallace, Logan, Gove, and Trego counties have a much greater variely of conc
tions than prevail to the north.  Smoky Hill River and its principal tributaries ha
cut their channels through the Tertiary, but only a short distance into the Cretaceot

L Abstracted from Prol. Paper U. 8. Geol. Survey No. 32, 1905, p. 208,
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and have accumulated so little sand and silt along their valleys that there is but little
ground water in the river valleys proper. In thisarea, perhaps, more than any other
part of the State we have the apparently anomalous condition of water being hard to
obtain by digging in the river valleys, yet easily obtained in great abundance on the
high uplands near by on either side of the river. Though water is not easily obtained
by boring in the valleys, good springs, drawing from the general underground supply,
frequently exist where the streams have reached the base of the Tertiary.

There is, however, along the branches of the Hackberry, in the vicinity of Gove
City and in Smoky Hill Valley southwest of the area about Oakley, a considerable
deposit of sand and clay mixed with gravel which is Tertiary in its origin and carries
an underflow which is a source of supply to shallow wells. At Gove City the average
depth of wells in the southern part of town is about 40 feet and the water which is
obtained from them is derived from this underflow. The wells in the northern part
of the city often strike the Niobrara without finding water.!

The analysis (Table 31) shows a calcic magnesic saline water of low
temporary and high permanent hardness. Assay 1, Table 31, indi-
cates a different water from any of the others assayed in that it has
considerable permanent hardness. The other assays show tlat the
waters are very much alike and are all soft.

TABLE 3l.—Analysis and assays of underground waters from Gove County.

[Parts per million.]

| 5 : £z
= R =N
| RS R g2
PR gl T .5
. . i~z clyic|a 7
v = T zlggic el o
No.| Date. Source. z Analyst. Sl |2|Eleal s |5 | T < 2 _f.._c.;
< I 2 Zlczl2 18812 |a =8
e 913.5 gaé»g S EVEE
. E 222185328 22|22
| B ZEER2 (|8 &|E|8 S
| | ‘ ‘
ANALYSIS. [
1908. !
1 | Mar. 16 | Grinnell, well 150 feet 130 Union Pacific | 37]1.3) 57 21] 1622 '.... 184] 24 37 364
east of station of , . R.R.Co. |
Union Pacific k. R. | | ’,
Co. " “ i
1907, ASSAYS. ‘ ’
1 | Sept. 21 | Gove, public well. . ...l 44 . .. ..., N ) .0 262 A2 30
2 |...do....; Gove,wellof Benjamin' 40,... . . ......... el L0 0, 257 Tr.| 15
Bacon, Main Street. | ‘ f
3 |...do....| Gove, well of J. E. ‘90 _________________ oo WOl L0 227 T | 15
Cavender, 3% miles | i
north of city on the |
Grainfield road, sec. l
18, T.12S8.,, R. 28 W. | '
4 | ..do....{ Grainfield, townwelle. 135 ... ............ R I )/ S0l 222 Tr. 15....
5 [...do....| Grainfield, wellof L. H. 130" ...___.......... cool L0l 0] 236 Tr.| 20
Johnson at mnorth ‘ |
edge of city on sec. 6, ! 1
T.11S, R.28 W. | ‘ ,
t

a Put down in 1903 for a dairy.
GRAHAM COUNTY.

The high plains of Graham County are thickly covered by Ter-
tiary deposits which are cut through in the valleys of South Fork of
Solomon River, of Bow Creek, and of Saline River, which lies a short

1 From Report of the Board of Irrigation Survey and Experiment to the Legislature of Kansas for 1895
and 1896, pp. 100, 113.

77836°—wsp 273—11——7
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distance south. The Niobrara chalk has a thickness of considerably
over 100 feet in the highlands and is underlain by about 400 feet of
Benton shales lying on the Dakota sandstone. This sandstone is not
more than 500 feet below the surface in the southeast corner of the
county, but, with the northeasterly dip of the beds and the rise of
tha land to the west, is about 1,000 feet deep in the highest ridges
between Bow Creek and North Fork of Solomon River.!

No complete mineral analyses have been made of waters in Graham
County, but seven assays of waters in Hill and one of a well
water in Morland are presented in Table 32. Assay 1 is a test of a
shallow well of considerable permanent hardness, and assavs 2, 3,
and 4 are tests of shallow well waters with very little permanent and
only moderate temporary hardness. Assays 5, 6, and 7 show the
composition of the waters of some deep wells that probably derive
their water from the Benton group. All of these deep wells have
very great temporary and permanent hardness. So they are less
satisfactory for domestic use and for steam boilers than the waters
of the shallow wells. Assay 8 shows a shallow well water of con-
siderable permanent hardness.

TABLE 32.—Assays of underground waters from Graham County.

[ Parts per million.]

|
Car- Bicar- | Sul- | Chilo-
No. Source. ]()fgeptt)h (I I,rfél)l bonate | bonate | phate  rine
: | (COs). (HCO;).' (S04). (CI).
1! Hill, public well on Main Street........ 55 0.0 0.0 272 47 20
2. .| Hill, well of De Shoup Hotel.. .. .0 .0 283 | Trace. 10
3 . Hill, well of Graham Milling Co .. .0 .0 295 |...do.. 10
4 . .1 Hill, well of E. V. Cumberford . .. 48 .0 .0 277 |...do. . 20
5 . .| Hill, well of Rollow ’hotographic Gal-
lery, Pomroy Street.................. a 300 .0 0 462 246 88
6. Hill, well of 8. N. Coder, Main Street b. 314 .0 .0 382 313 46
7. Hill, well of E. V, Cumberfordc........ 395 .0 21 385 313 57
8 .. Morland, well in livery harn of Charles
! (€ T o 12 0 0 267 €5 36
|
e Ahout.

b Sunk in July, 1907; water rose within 100 feet of surface.
¢ Water rose within 100 feet of surface.

GRANT COUNTY.

Grant County extends from the valley of the Cimarron up the
divide between that river and the Arkansas. The surface is covered
by Tertiary deposits which are known to be underlain at no great
depth by the Dakota sandstone. In the northeastern part of the
county the sandstone is overlain by 100 feet or more of Benton
shales. The State well, 6 miles south by east of Ulysses, at a depth
of 231 feet reached an excellent water supply thet rose to within
123 feet of the surface.!

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 299.
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William Easton Hutchinson has written a letter describing the
water of the county. It appears from his statement that in the west
half of the county the depth to water averages about 40 feet, but
that in the southern part and south of South Fork of Cimarron River
the depth to water is very much greater. In the eastern half of the
county, except in the valleys of the streams, the depth rangss from
100 feet in the central part to 200 feet in the extreme eastern part.
In the immediate valley of South Fork of Cimarron River the ground
water is near the surface. Regardless of depth, the ground water is
sufficient and satisfactory for domestic use.

No analyses or assays of the waters of Grant County are aailable
for presentation.

GRAY COUNTY.

Gray County is mainly in Arkansas Valley ! but extends southward
to the head of Crooked Creek. The entire area is thickly covered
by Tertiary and younger formations, but is known to be underlain
by the Dakota sandstone, covered by a greater or less thickness of
Benton shale, which is exposed southeast of Montezuma. The depth
to sandstone is not precisely known, but it is not great in any portion
of the county. Apparently some of the deeper wells in the county
have reached it, but no satisfactory records have been obtainable.
No flowing water is to be expected, unless possibly from the under-
lying Red Beds, the water from which would probably be tco salty
for use.

The analyses (Table 33) are tests of well waters in the vicinity of
Cimarron. Analyses 4 and 5 are tests of soft calcic alkaline waters
from wells in the sand hills. Analvses 3, 8, 9, 10, 11, and 12 are
hard calcic alkaline waters, most of which come from deep wells.
Analyses 1 and 2 are tests of calcic sodic saline waters. Analysis 6
shows calcic magnesic sodic saline water, and analysis 7 a calcic sodic
magnesic water, both of which in boiler use would prove very bad.
Assays 1, 2, and 4 are tests of deep well waters and show low bicar-
bonates and high sulphates. Assay 3 is a test of a shallew well
water which is shown to carry somewhat more bicarbonates and
very much more sulphates than the deep wells.

1 Called ‘“Cimarron Valley”’ (a manifest error) in Prof. Paper U. S. Geol. Survey No. 32, 1705, p. 300,
from which this deseription is abstracted.
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GREELEY COUNTY.

Greeley County, on the high plains of western Kansas, slopes east-
ward from an altitude of about 4,000 feet above sea level on the State
line to 3,500 feet on its eastern margin. The surface is niore or less
deeply covered by Tertiary deposits, but the Niobrara chalk probably
lies at no great depth throughout.the area, although possibly near the
extreme north margin of the county there may be an overlap of
Pierre shale. The dip is gently to the northeast. The Niobrara is
probably from 600 to 700 feet thick and is separated from the Dokota
sandstone by 400 feet of Benton shales. In the southeastern part of
the county this sandstone lies from 800 to 1,100 feet deep, the depth
increasing gradually from southeast to northwest until it is about
1,400 feet in the northwest corner of the county. In a well recently
bored at Horace, Kans., the Dakota sandstone was reached at a depth
of 1,050 feet and was found to have a thickness of 300 feet. Layers
of clay were intercalated in the sandstone. The well was continued
to 1,350 feet, where the ‘‘Red Beds” were found. The water rises
vithin 700 feet of the surface and 40 gallons per minute may be
sumped. The record of this well throws a most important light on
‘he position and capabilities of the Dakota sandstone in western
Kansas. The thickness of the overlying beds is shown and the head
of water ascertained. The low head of water in the Horace well
‘ndicates that there are no prospects for flowing water in the higher
“ands of western Kansas.!

The evidence obtained from various wells along the line of the Missouri Pacifi~ Rail-
way shows that there is a great underground ridge in the Cretaceous floor, in many
nlaces coming to within 50 or 75 feet of the surface, with little water above the under-
ground ridge. This part of Greeley County is one of the most unfortunate areas in the
State in this respect, yet it appears on the map to be completely covered with the
Tertiary formations. In places the water is relatively abundant and of good quality.
One of the worst features of this condition is that there are practically no indications on
‘he surface where water can be obtained and where it can not. Tt seems to be almost
wholly dependent upon the existence of ravines and channels in the surface of the
Cretaceous floor, the existence of not one of them being indicated at the surface. The
State well at Tribune, in the valley of the White Woman, reached the Cretaceous floor
without passing through any water-bearing sand, while other wells near by on the
highest ridges in the county found large quantities of water.

* * * * * * *

In the western portion of Greeley County, where the Niobrara forms an underground
~idge, water is very difficult to find in abundance, and often where a well is supplied
with even a small quantity, the character of the water is such that it is not very usable
hecause of the mineral substances contained in it. It would seem that the Niobrara
floor under this area rises so decidedly that the underflow of sheet water does not find its
way over it, and in consequence the Tertiary formation, although being in general of
*he same character as in other places, does not contain a supply of water. Along the
alley of the White Woman, however, there is a supply of water in the sands, g-avels,
rnd clays, which seemingly is brought by the drainage of the valley.”

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, pp. 300-301.
2 Report of the Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kansas,
~. 101, 112, ’
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In Table 34 the only analysis is of water from the wells of the
Missouri Pacific Railway at Tribune. The water is soft. One of the
assays is a test of water from the public well in Tribune which is shown
to be soft. The assays of the two wells at Horace show that both
well waters have high permanent hardness and that the chlorides in
the private well are rather high.

TaBLE 34.—Analysis and assays of underground waters from Greeley County.

[Parts per million.]

sl e e
a0 (S~ @ [¥ . =]
. o O |=» = i
2 < BEERC s S | 5 lRalhs
o ~ =
No.| Date. Source. 31 anayse  ($|5(S|BE2] 2 12| 5 | TIFERE
= @&g%qu‘“tﬁﬁngwg
4 2|28 gig|a=|lg | B B |~
=3 SlgBleEsEle |8l iE |2
@ SIS Bl (B2 18 |8
A | BlEC|Ae |k |a|T P &
ANALYSIS. J
i I P Tribune, 3 wells.....| 120 Missouri Pacific | 41(1.7| 39[5.2| 5/ 67|....| 7.8 7.8 34 209
Ry.
ASSAYS. |
1907. ]
1| Dec. 14 | Horace,publicwell..je115 ... ... ... .. .. R I .0] 176) 82} 40[....]....
2 |....do....| Horace, wellof J.C. | 121 ... _............. J I 0| 133| 168| 116|....
Holmes.
3 {....do....| Tribune,publicwell.] 96 ... ............... R R R I 261 s L 1 R D
a About.’

GREENWOOD COUNTY.

As Greenwood County is underlain by Pennsylvanian rocks, hard
waters must necessarily be expected.

The analysis (Table 35) is of a very hard water. Assay 1 is a test
of water from the spring which was much used by the pioneers and
which gave to the city of Eureka its name. The water is very much
harder than that from the city wells, of which assay 2 is a test.

TABLE 35.—Analysts and assays of underground waters from Greenwood County.

[Parts per million.]

EN
@7 @ .
AL mﬁ S|Ei =
% SRGIFEE SRR
No.| Date. Source. g Analyst. (S| < [2|El8z| g |3 |2 |2
< a2 a8 15| 2 |g
| perp <3 E|a EE o e =]
=) =|=|2|2|5E| 8 €| 2 |€
i & S 51218ER 5 (2] 82
| A #EC|Em |8 |R|a|C
ANALYSIS.
| Madison, well on farm of Ar- | 22| F. W. Bushong.| 139.2[408384| 550| 274|....i3,054| 70
nold Girard,a sec. 2, T. 22
S, R.IZE.
ASSAYS.
1907. |
1 | May 14 | Eureka, Eureka Spring....... I PO el Ofii]eec]eaeol .0| 364) 431(421
2 |...do..... Eureka, city supply, 2wells..| 21|................]|... L0........] .0 307| Tr. | i4

a Quoted from Xansas Acad. of Science, vol. 17, p. 53.
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HAMILTON COUNTY.

Hamilton County, in Arkansas Valley, in the extreme western por-
tion of the State, is underlain by the Dakota sandstone, Benton
shales, and Niobrara formation, all of which dip gently to the north-
east; the higher lands have a thick cover of Tertiary deposits. The
Dakota sandstone is exposed in the southwest corner of the county,
and the Benton shales appear in Arkansas Valley and at some isolated
points to the south. The northern third of the county is underlain
by Niobrara formation, which is exposed in some of the depressions
north of Coolidge and Syracuse.

The Dakota sandstone yields water to a number of wells in Arkan-
sas Valley, some of which flow in the eastern margin of the Arkansas
Valley artesian area, which extends into the center of this county.
At Coolidge there is a group of flowing wells, ranging in depth from
226 to 300 feet, which furnish flows of 27 to over 100 gallons a minute
under slight pressure. Farther down the valley, especially near
Syracuse, there are a number of wells in which the water rises within
30 feet of the surface. Several wells have been sunk in portions of
the county away from Arkansas Valley but have not reached Dakota
sandstone. Even at Coolidge, flowing water is obtainable only in
the lower part of the valley. The State well, 6 miles due north of
Kendall, is 196 feet deep and obtains a water supply at 180 to 192
feet from Tertiary gravel and fine sand lying on Niobrara chalk. A
number of wells in various parts of the county obtained supplies
from this horizon, which is the principal source, the shales below
rarely containing any water.!

Analyses 1 and 2 (Table 36) are tests of waters at Coolidge. Anal-
ysis 1 indicates a calcic sodic magnesic saline water, and analysis 2
a calelc magnesic saline water. Analyses 3 to 8 show the quality of
certain well waters about Kendall. Analysis 3 indicates a soft
calcic alkaline water. Analysis 4 shows a calcic sodic saline water.
Analyses 5, 6, and 8 are sodic alkaline waters that vary from fair to
good for use in boilers. A sodic saline water is shown by analysis 7.
The quality of waters around Syracuse is shown by analyses 9 to
20. Hard calcic alkaline waters are indicated by analyses 12 and
14. Caleic saline waters, poor for boiler use, are shown by analyses
15, 16, and 17. A very bad water for steam boilers is the calcic
magnesic sodic saline water shown by analysis 13. Sodic alkaline
waters are indicated by analyses 9, 10, 11, 19, and 20. A sodic
saline water good for boiler use is shown by analysis 18.

The quality of several well waters in Coolidge is shown by assays
1 to 4; these waters are all high in sulphates, but the shallow well
water (assay 4) is notably the highest. The character of well waters at
Syracuse is indicated by assays 5,6, and 7. These waters are all high
in sulphates, but the shallow well water (assay No. 1) is especially so.

L Abstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 301.
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HARPER COUNTY.

As Harper County is underlain by Permian rocks. it is probable
that deep wells will vield highly mineralized waters.

In Table 37, analyses 1 and 2 are tests of waters in Anthony. A
sodic calcic saline water is shown by analysis 1 and a calcic alkaline
water by analysis 2. Tests of water at Attica are recorded in analyses
3 and 4; the former indicates a sodic calcic saline water and the latter
a calcic sodic alkaline water. The shallow well water at Walden is
shown by analysis 5 to belong to the calcic magnesic alkaline class.

The city water of Anthony is shown by assay 1 to carry bicarbonates
in moderate amount and high sulphates. The other assays are tests
of well watersin Harper. Soft waters are indicated b7 assays 2 and 3.
Assays 4 to 7 indicate waters high in bicarbonates, sulphates, and
chlorides; therefore, these waters are so hard as to be distinctly
undesirable for domestic and manufacturing use.
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HARVEY COUNTY.

Harvey County is underlain by Permian rocks, and as these rocks,
as well as those beneath, yield highly mineralized waters, successful
deep wells are improbable. The remarkable Fquus teds (see pp.
34-35), cross the western part of the county and yield the public water
supply of Newton.

Analysis 1, Table 38, shows a sodic magnesic saline weter; one that
as a drinking water would have a decided laxative effest. Analysis
2 denotes a hard calcic saline water. Analyses 3,4, ard 5 are tests
of calcic sodic alkaline waters. A calcic magnesic alkaline water is
shown by analysis 6.

The assays represent tests of well waters at Halstead and indicate
soft waters.
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HASKELL COUNTY.

Haskell County is situated on the High Plains, between Arkansas and
Cimarron Rivers. Its entire surface is mantled by Tertiary deposits
from 20 to 100 feet or more in thickness, underlain in greater part by
Benton shales. In the southern portion of the county the underlying
Dakota sandstone is probably not far below the surface. This sand-
stone is reached by several wells in which water rises somewhat, but
gives no promise of a flow. At Santa Fe a well was bored 1,300 feet
or more through Tertiary deposits, Benton shale, Dekota sandstone,
and far into the ‘‘Red Beds,” but no flowing water vsas obtained.!

No complete mineral analyses of waters in this county are avail-
able for publication. The assays (Table 39) are typical of the best
waters that are drawn from the ‘‘underflow’ which is moving slowly
southeastward over the Cretaceous floor. These waters are soft and
satisfactory for domestic use.

TaBLE 39.—dssays of ground waters from Haskell County.

[Parts per million.]

r ! )
| o
| o]
218 | 4
SRS = i
~ [ < =
No.| Date. Source. ) T8 w 3]
& m b= = @ v
N RS A
g ~ 1) = = =
& g £ 8 B2 |3
& IS a3 = = =
a - &) [ [ o
1907.
1| Nov. 4| Santa Fe, well of J. F. Rutledge, Santa Fe
otel. .. ...l 330 0.0| 0.0| 185 | Trace. 15
2 |...do..... Santa Fe/ well of J. J. Miller, block 36, lot 7,
Powell’'saddition........... ... ......... 382 | Trace. .0 | 185 | Trace. 10
3]...do..... Santa Fe, well of Jas. 8. Patrick, NE. isec, 1,
T.208.,R.33W __.. ... ............ 208 | Trace. .0 | 185 | Trace. 10
4 |...do..... Sania Fe, well of J. H. Graver, 9 miles south-
east of city on SW. 4 sec. 8, T.298,R
Bl Wi 159 .0 .0 | 178 | Trace.!' 10
5...do..... Santa Fe, well of John Rogers, 13 miles south-
east of city on NE. {sec. 27, T. 29 S.,, R
3L W o il 150 | Trace. .0 180 | Trace. 15

HODGEMAN COUNTY.

The greater part of Hodgeman County is underlain by the Benton
shales, but the higher divides are capped by Tertiary deposits, and
Pawnee Valley, in the eastern part, cuts into the Dakota sandstone.
Some of the numerous wells penetrate Dakota sandstone and obtain
satisfactory supplies of water, especially wells in Pawnee Valley below
Jetmore. In the extreme northwest corner of the county the Dakota
sandstone lies about 400 feet below the surface; in the extreme
southwest portion, about 200 to 250 feet; throughout the county,
therefore, the sandstone is within reach of wells of moderate depth.t

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 303.
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From the foregoing paragraph it appears that wells in Hodgeman
County may derive their water from the Tertiary deposits, the
Benton group, or the Dakota sandstone. Water from the first and
last of these is generally very satisfactory, though that dravn from
the upper part of the Dakota sandstone is apt to carry encnugh sul-
phates to make it desirable to sink the wells below the gypsiferous
shales of the formation. The water that is derived from the Benton
group is usually limited in quantity and highly mineralized. George
I. Adams has called attention to the fact that in this county a fluviatile
deposit, consisting of Tertiary sands and gravels and worked-over clay
is found in every small stream and draw.! At Jetmore in the bot-
toms of Buckner Creek wells at the depth of 32 feet discover water in
this material, which largaly disappears farther upstream at the limits
of the Benton group.

The only complete analysis (Table 40) is that of water from a shal-
low well in the alluvium; it indicates a calcic alkaline water of con-
siderable temporary hardness. Assay 4 shows the composition of water
from a well that is probably in the alluvium. Assay 1 is high in sul-
phates and is a test of water from a well that probably draws its water
from the Benton group. Assays 2 and 3 indicate soft waters from
wells that are in the Tertiary and tap the ‘‘sheet water” or ‘‘under-
flow.” Assays 5, 6, and 7 show the quality of waters drawn from the
Dakota sandstone.

TABLE 40.—Analysis and assays of ground waters from Hodgeman County.

[Parts per million.]
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1902. ANALYSIS. |
1| Oct. 15 | Jetmore, surface well..|...| Atchison, Topeka & | 541.5 95 14 31 170,....| 36| 24
Santa Fe Ry. | } , |
i

1Report of the Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of
Kansas, pp. 105 et seq.
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TABLE 40.—Analysis and assays of ground waters from Hodgeman County—Continued.

[Parts per million.]

e
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ASSAYS.
1907.
1| Dec. 6 | Jetmore, well of Geo. E. Martin, NE. 1 sec. 35,
T.228, , R.24 W. o .. ... . 13 0.0 | 00| 272 116 10
2 |...do....| Jetmore, well at almshouse, NE. i
248, R. 23 W |60t | Tr. .0 | 222 |.Tr. 34
3 |...do....| Jetmore, J. MecClure’s well, NE. 1 sec,12, T, 24
SoR.24W .o S 63 .0 0] 233 | Tr. 15
4 |...do....| Jetmore, publicwell ._._._._... ... 70 1.0 .01 241 | Tr. 10
5 1...do....| Jetmore, well of T. J. Palmer .. 200+ .0 .0 278 47 24
6 !...do....| Jetmore, wel of Geo. Orbison, SW.1sec. 36, T.
228, R. 24 W L.l 240 .0 0| 254 181 55
7 {...do....| Jetmore, well of C. W. Patchen, SW.{sec. 6,
T.248,R. 23 W. ..l 256 Tr. 0| 338 173 40

JACKSON COUNTY.

As Jackson County is underlain by Pennsyivanian rocks hard
waters must be expected, except possibly from some shallow wells
that are sunk in glacial deposits.

The analysis (Table 41) shows a calcic sodic alkaline water. Assay
1 indicates a soft water and assay 2 one of decided temporary and
permanent hardness.

TaBLE 41.—Analysis and assays of ground waters from Jackson County.

[Parts per million.]
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ANALYSIS. l\
1902.
1| Dee. 10 | Holton, well of Chicago, |...! Kennicott Water | 33[1.4/120 27| &0 209|....| 125/ 76
Rock Island & Pacific Softener Co.
Ry.
ASSAYS.
1907.
1| July 15 | Holton. well of city hotel.._.| 60{__._ . ... . ... .._._. a0l L0 258 Tr.| 65
2 |...do....| Holton, well of Perkins Ice | 72{_ .. ... ._._.......... LB o] .0[ 340] 47| 100
and Cold Storage Co.
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JEFFERSON COUNTY.

Underground water is obtained in Jefferson County under practi-
cally the same conditions as in Jackson County.

The analysis, Table 42, shows a calcic magnesic alkaline water.
Assay 1 indicates a hard water and assay 2 shows the highly mineral-
ized water that may be expected in deep wells.

TaBLE 42.—Analysis and assays of ground walters from Jefferson County.

{Parts per million.]
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ANALYSIS.
1903.
1| Feb. 24 | Medina, surface well. . .|......| Kennicott Water | 20 65 24| 3.9| 135, ... 34 6
Softener Co.
ASSAYS.
1907.
1 | July 13| Valley Falls, well of 25 0.0 .. a]aoo] L0 246 127|162
J. M. Piazzek.e
2. .do..... Valley Falls, well of | 1,253|.... ... .t 3.8 afa-c L0 116 ... (36,800
Mel. Legler.t

e Located between the Leavenworth, Kansas & Western and Missouri Pacific Ry. tracks.
b Prospect hole put down in 1889, Water comes in at 400 feet. SOy greater than 626.

JEWELL COUNTY.

Jewell County is situated on the high divide between Solomon
and Republican rivers. The high ridges in the northwestern part
of the county are capped by Tertiary grit; the central, northern,
and western portions are underlain by Niobrara chalk; and, in the
lower lands to the south and east the Benton shales reach the sur-
face. The Dakota sandstone, which outcrops in Republican and
Solomon vallevs, underlies the entire county, lying nearly level or
dipping gently to the northwest. In the eastern and southern sec-
tions of the county it lies but a short distance below the surface,
but the depth increases gradually under the higher lands to the
north and west, so that probably it lies 700 to 800 feet deep in the
northwest portion of the county. Apparently the main body of the
sandstone has not been reached by deep wells in this county, although
several borings 300 to 500 feet deep have been sunk through the
Benton shales to a water-bearing horizon, which in this region
contains considerable salt and has yielded salty waters which have
not been useful. One well near Jewell, 337 feet deep, obtained
salt water which rose within 25 feet of the surface. At Ionia is a

77836°—wsp 278—11—-8
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similar well 432 feet deep. At Mankato a well 500 feet deep founc
an abundance of salt water which rose within 50 feet of the surface
Borings 3% miles northwest of Lovewell 380 and 400 feet deep alsc
found salt water. Unfortunately these borings were not made suffi-
ciently deep to test Dakota sandstone, for although it is not likely tha
wells in that formation would obtain flowing water, except possibly
on the lowest lands, the water may be expected to I'= of good quality.

It will be seen by referring to the geologic map that a long narrow tongue of the
Tertiary formation extends along the north side of the courty to the Republicar
River, occupying the high ridge between the Republican River on the north and the
White Rock on the south. The Cretaceous chalk beds are exposed along the White
Rock almost entirely across the county, and also along the bluffs of the Republican
but on this divide the whole of the formation to a depth of about 100 feet is Tertiary
A cross section of the Tertiary ridge taken from surface contours and the records o
various wells shows that the Tertiary ridge rests in an old Cretaceous trough. The
whole belt is full of wells, usually nearly 100 feet deep, every one of which furnishes
a large supply of good water, while along the Republican bral-es to the north, or the
White Rock to the south, water is hard to obtain by digging, and that which is pro
cured is so mineralized it is not very serviceable. Another evidence favoring the
idea of a Cretaceous trough under the Tertiary ridge is the condition of springs
Scarcely a spring is known along either side of the belt throughout Jewell County
but at the eastern end of the area, along the bluffs of the Rerublican River, springs
are numerous. The supply of water they furnish is abundent and the quality i
the same as that produced by the wells of the Tertiary area.”

The analyses and assays (Table 43) that are available for publi-
cation are entirely inadequate to show the different kinds of grounc
waters in the county, for no tests have been made of waters from wells
in the Tertiary nor of the salt water from the deep wells. Analysis
1 shows a very heavily mineralized magnesic calcic saline water
Analysis 4 is a test of a magnesic calcic potassic saline water that
as a drinking water, would be highly laxative. Analysis 2 indicates
a hard calcic alkaline water. Analysis 3 shows a sodic calcic alka-
line water. The two assays indicate hard unsstisfactory waters
These analyses as a whole show that the waters cutside of the Ter-
tiary area are unsatisfactory for domestic and industrial use. This
accords with the popular idea that it is difficult to find any othe
than hard waters in Jewell County. Outside of the Tertiary ares
the only solution of the water problem appears to be to sink wells
deep into the Dakota sandstone.

L Abstracted from Prof. Paper U, S. Geol. Survey No. 32, 1905, pp. 304-305.
2 Report of the Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature o
Kansas, p. 97.
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JOHNSON COUNTY.

Ground water is obtained under the same conditions in Johnson
County as in Jackson County, except that there are probably no
wells in the drift, as this county appears to lie outcide the glaciated
area. Shallow springs and wells yielding hard waters are common.
No analyses are presented. The only assays (Table 44) were made
in Olathe and indicate hard waters.

TABLE 44.—Assays of underground waters from Johnson County.

[Parts per million.]

Tron | , Car- Bicar- Sul- | Chlo-~
No.| Date. Source. (Fe) bonate | bonate | phate | rine
- | (CO3). | (HCOg). | (SO4). | (CL).
1907.
1| Jan. 5 | Olathe, well of State School for the Deaf.. ... .. 0.0 0.0 183 116 24
2 |...do..... Olathe, wellof E. P. Mills..................... .0 .0 410 103 70
1

KEARNY COUNTY.

Kearny County is in Arkansas Valley, and its geologic relations are
similar to those in Hamilton County, but the formations are for the
most part obscured by a heavy covering of Tertiary and alluvial
deposits. The Dakota sandstone lies at a depth cf about 300 feet
along Arkansas Valley, and is deeper in the northern portion of the
county, owing to the northeasterly dip of the beds and the rise of the
land. No deep wells are reported, but abundant water supplies are
obtainable from the Dakota sandstone at moderate depths in Arkan-
sas Valley, though flows are not probable. The underlying ‘“Red
Beds” may yield flowing water, which would, however, doubtless be
too salty for use.!

Analyses 1 to 6 (Table 45) show calcic sodic magnesic saline waters
that for use in boilers run from poor to bad. Analysis 7 indicates a
calcic sodic saline water that is very good in steam boilers. Analyses
8 and 11 are tests of calcic magnesic saline waters that are very bad for
steam boilers. Analyses 9 and 10 show calcic alkaline waters suitable
for boiler use. Assays 1, 2, 4, 6, 7, and 9 indicate waters high in sul-
phates, but which carry only moderate amounts of bicarbonates. The
water of which assay 4 is a test is high in chlorides. Assay 3 shows a
soft deep well water. Assay 5 indicates that the vater of a widely
known well in the sand hills issoft. Assay 8 shows a water moderately
mineralized by bicarbonates and which carries rather high sulphates.

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 305.
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KINGMAN COUNTY.

As Kingman County is underlain by Permian rocks the prospect
for good waters is poor, for the rocks of this series and of the Penn-
sylvanian beneath it usually yield highly mineralized waters. But
the western part of the county is underlain by Tertiary deposits
which normally supply good water.

Analysis 1, Table 46, shows a calcic saline water and analysis 4 a
calcic alkaline water; both of these waters have considerable perma-
nent hardness. Analyses 2 and 3 show soft calcic alkaline waters.

Assay 2, Table 46, is a test of the same water as analysis 3, and this
water is practically the same as that of which assay 1 is a test and
which comes from a spring near the Hinds Spring. Assay 3 shows
the composition of the old public water supply of Kingman. The
water is apparently affected by the old salt well that is in tl'e city.
Assay No. 5 shows rather high chlorides, and it may be that the well
from which the water was taken is very slightly influenced by the
salt well. The other assays are of reasonably soft waters from
shallow wells in the city.
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KIOWA COUNTY.

Kiowa County extends from Arkansas Valley southeastward across
the divide to Medicine Lodge River. Its surface is covered with
younger formations—alluvium and sand hills in the northwest corner
and Tertiary deposits on the higher lands to the south and east.
The Dakota sandstone lies at no great distance beneath the surface
and is exposed on the opposite side of Arkansas River and in the
southeast corner of the county. The Dakota thins rapidly to the
southeast, owing mainly to the erosion of its surface, and in Medi-
cine Lodge Valley the underlying lower Cretaceous sandstones and
““Red Beds’” are exposed.

Most of the wells in the county obtain water from the basal por-
tion of the Tertiary deposits, but some have been hored irto the
underlying Dakota sandstone. One well, 9 miles southwest of
Greenshurg, has a depth of 202 feet and the water supply rises to 112
feet. Flowing waters are not obtainable in this county, not even
from the “Red Beds,”’ which underlie the Dakota and lower Creta-
ceous sandstones. Possibly the “Red Beds” contain water, but
it would be too salty for use.!

Analyses 1, 3, and 4 (Table 47) exhibit soft calcic alkaline waters
and analysis 2 shows a sodie calcic alkaline water. The two assays
indicate water of moderate temporary and low permanent hardness.

1 Abstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 305.
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LABETTE COUNTY.

Labette County is underlain by Pennsylvamian rocks, from which,
as a rule, hard waters are derived.

No analyses are available for publication. Assay 1, Table 48,
shows a water which carries a moderate amount of chlorides and
bicarbonates, but which is bigh in sulphates. Assays 2 end 10
indicate soft waters low in chlorides. Assay 7 is a test of a water low
in chlorides and sulphates, but having great temporary hardness.
Assay 3 represents the hardest and most unsatisfactory water that was
tested in the county, for its permanent and temporary hardness are
very great and the chlorides are high. Assays 4 and 5 are tests of
flowing wells that are believed to derive their waters from the Ozark
dome; these waters have high temporary hardness and chlorides.
Assays 6, 8, and 9 show rather unsatisfactory waters, such as are com-
monly found in the shallow wells in the Pennsylvanian rocks.

TABLE 48.—Assays of underground waters from Labette County.

[Parts per million.]
Car- ’ Bicar- | Sul- | Chlo-
No.| Date. Source. l()f:&t)h ’ Analyst. (IIE%'; bonate , bonate| phate | rine
. \ *| (COg). (HCOg).! (SO4). | (CL).
|
1905. i i
1| July 17 | Bartlett, well.........._.. 12 | E. Bartow..| 0.0 0.0 216 | 176 45
2 |...do....' Bartlett, spring 23 miles |.__.....l.._.. do...... .0 .0 255 | Trace. 9.2
| south of city. .
3 [...do....| Chetopa, well west of Mis- | 10-12(._... do...... Tr. .0 372 (a) 142
souri, Kansas & Texas
Ry. depot.
4|...do.,..| Chetopa, flowing well 4 950 1_.... do...... .0 .0 358 44 260
miles east and 1 mile
north of city.b
1906.
5 | Dec. 12 | Chetopa, flowing well, | 1,114 | ... ... ... .0 | Trace. 156 0.0 211
city supply.b
1905.
G | July 17 | Oswego, well 1 milesouth |._......|.............. 0 .0 261 | 138 73
and 3 miles west of city.
7 |...do....| Oswego,well4milessouth 23 e .5 .0 419 | Trace. 9.2
and 5 miles west of city.
8 | July 19 | Parsons, well 2 miles 30 | E. Bartow..| .0 .0 293 40 299
south of eity on upland.
9 |...do....| Parsons, well 2 miles 30 |..... do...... .0 .0 274 48 81
south and 2 miles east of A
city. I,
10 |...do....} Parsons, well 3 miles 20..... do...... .0 .0 196 | Trace. 14
south of city. |
a SOy greater than 626. b H,S present.

LANE COUNTY.

Lane County is mantled by Tertiary deposits resting on several
hundred feet of Niobrara chalk, which is exposed in some of the deeper
depressions to the north and east. The Dakota sandstone lies at a
depth which increases gradually from about 500 feet in the south-
eastern corner of the county to 700 feet in the northwestern corner,
the beds dipping very gently to the north and the surface rising very
gradually to the west. A well 400 feet deep 3 miles north of Shields
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obtains a very small supply of water from a thin sandstone bed,
probably in the upper part of the Benton formation. This county
lies too high for an artesian flow, but the Dakota sandstone may be
expected to yield water that would rise within 300 o~ 400 feet of the
surface and yield an abundant supply to pump wells!

Both the analyses and the assays (Table 49) indicate fairly satis-
factory waters from the Tertiary deposits.

TABLE 49.—Analyses and assays of ground waters from Lane County.

{Parts per million.}

5 . 12
2 = 212
g\;z =18 . §D S
2 = ~
. AR EREIE P
No | Date. Source. z Analyst. ’OS - @ g E.g T lgi2lg E 5
< ) 2%zl 3 |8 8|le|a 2
C=l8l21eC B |2 |B|E|2|"
= s|~|2|al2 s |2lsle |8 | =
2 slels|as | 28|82 |28 |2
3 2128|383 I P =N = I
] @S0 E |O |@a (2|0 |k &
ANALYSES.
) N Healy, 2 wells....... 110! Missouri Pacific | 651.8| 58/ 2025 (118 .| 63,17 12| 381
Ry.
2|l Pendennis, well. .... 105..... do........._. 38|1 51| 14| 8.9 112 20[ 5.9 8| 260
ASSAYS.
1907.
1 | Dec. 11 | Dighton, well of | .. |.... .. .......... W0l 0] 254) 46|75
Cominercial Hotel
. on Main Street.
2 |...do....| Dighton, well of |...|................... JRPI 14 1 R R DR B o N2 7 T o I N DO
Henry Seemann.

LEAVENWORTH COUNTY.

Leavenworth County is underlain by Pennsylvanian rocks, which
yield highly mineralized waters, but there may be wells in glacial de-
posits that supply water of superior quality.

Analysis 1, Table 50, represents a test of a highly mineralized mine
water. The other analysis and the two assays indicate very hard
waters.

1 Abstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 306.
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TasLE 50.—Analyses and assays of underground waters from Leavenworth County.

{Parts per million.]

sla.fz
Pl Ke) -~
. . | & g o (2 18| -~
~ A £y + |~ |5 =
T Sl IS8 ol 2| T
No.| Date. Source. K Analyst. =S (¥(8|3& § o o b
= C&|Bl2 g 8|=E5 ] &
£ si—|2l%|Eg8le =& | &2
2, Elgie|wloaEs| R | [N S
o Zlg|k|&Balgl? |2 2
=] 4| S0 |R|la (O |a] O
ANALYSES.
) I PO Leavenworth, natatorium {...| O. F. Stafford....| 43 8.4/541|232(9,296|... |....| 36 {15,717
of Home-Riverside Coal-
Mining Co., from mines
750 feet deep.e
2 PR Leavenworth, waterin No. | 60/..... do.eennian... 22:1. 4211|110, 145(....|....| 833] 132
1 plant of the Home
mine.o
ASSAYS.
1907.
1| July 12 | Leavenworth, wellof Leav- 65 ............. ... PR R ¢ R PR AU 0.0 242/ 4920 141
enworth Packing Co.,
744 Shawnee Street.
2 [...do....] Leavenworth, wellof F.E. | 8. .. ............... R ) S N S L0 1507 256/ 130
Lambert, 211 Xiowa
Street.

a Kansas Univ. Geol. Survey, vol. 7.
LINCOLN COUNTY.

Lincoln County includes a portion of the valley of Saline River and
the adjoining slopes. In the river valley and along the east side of
the county the Dakota sandstone is exposed and the higher lands are
capped by a few hundred feet of Benton shales. Most of the many
wells obtain their water from the Dakota sandstone, some of them
from a depth as great as 280 feet. The water rises nearly to the sur-
face and has considerable volume.

The analysis and assays, Table 51, show hard, unsatisfactory waters.
Probably wells sunk deep into the Dakota sandstone would yield
better water.

TaBLE 51.—Analysis and assays of underground waters of Lincoln County.

[Parts per million.]

| lslaz]e
gl Q |« A
. . ~EZBMIS |13 ]«
~ ~ = + = ~ =
% & o = NSRS
No.' Date. Source. & Analyst. ol 5 S 4 § s R
= HETETEIEE RS R
-9 SialZ SOEB A B e
& =R 2% ] 5 |2
=] Z A S| |oKk |alD
ANALYSIS. 1
1002, l
1| Sept. 19 | Barnard, well........... ...| Atchison, Topeka & | 30 Tr. 201 17| 51;1.88[....| 308] 36
Santa Fe Ry. ‘
ASSAYS.
1907. |
1| Sept. 9 Lincc])lln, city supply, 2 [ 43|.eceieeiiia ...l 0. 0‘.. 0| 312} 143) 39
wells.
2 | Sept. 10 | Lincoln, well of Cooper P 0] 356 72| 44
Ice Co. &

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 306.
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LINN COUNTY.

Linn County is underlain by Pennsylvanian rocks and its well
waters are hard.

No water analyses are available for publication. Of the assays
in Table 52, only 7 and 9 indicate soft waters. Assays 1, 3, and 6
show waters of high temporary and low permanent Fardness. Assays
2, 4, and 8 are tests of waters of high temporary and permanent
hardness. Assays 10 and 11 show the highly mineralized ground
waters that are found at Pleasanton.

TABLE 52.—Assays of underground waters of Linn County.

[Parts per million.]

|
Car- | Bicar- | Sul- | Chlo-
No.‘| Date. Source. 8:‘%}‘ Analyst. (I]r%r)x borate| bonate | phate | rine
" ’ ' *| (COs).| (HCOs). |(SO4).| (C1).
‘ 1905.
1 | June 26 { Boicourt, well 3 miles west 78 | E. Bartow..| 0.0 0.0 503 | Trace.| 198
, and 1 mile north of city.a
2 |.. do..... Boicourt, well at Sugar Creek |.......[..... do...... .0 .0 450 54| 20
Bridge, southwest of city.
3 | June 25 | Lacygne, public well......... 30 [..... do......." .0 .0 487 {Trace.| 40
4 '...do.....| Lacygne,well on highground 2 ... do....... .0 .0 329 74| 56
| 23 miles north and 44 miles
| west of city. Lo I
5 |...do.....| Lacygne, spring 3 miles east 11 ... do....... .0 .0 265 43 9.7
} of city.b .
6 {...do..... Lacygne, spring 3% miles east [.......|..... do....... .0 0. 293 Trace.| 9.7
and 1 mile north of eity.c
7 |...do.....| Lacygne, Rock Spring, 3% |....... JRPRP; s XA IR .0 265 | Trace. 9.7
miles east and 2 miles north |
of city. ¢
8 |...do.....| Lacygne, well 6 miles east of |.......|..... do.......l .0 .0 ‘ 341 97 | 209
city.
9 | June 26 | Pleasanton, spring near Mine {.._._._" . .. do..... 0 .0 136 | Trace.| 12
Creek east of city. ' |
1907.
10 | Aug. 23 | Pleasanton, stock well on 25 ... do....... .0 0 369 | (4) 290
Eighth Street. ! | ¢
11 |...do.....| Pleasanton, Everett’s well, 15 e, "0 .0l 62| 573|205
Ninth and Main Streets. ¢ | i
| | |
e Odor of HsS. a@ SO, greater than 626.
b Used to supply F. W. Pollman’s ranch. e Sunk 30 years ago and believed to be
¢ Upland. typical of local wells.

LOGAN COUNTY.

Logan County includes a portion of Smoky Hill Valley and adjoin-
ing high plains. The Tertiary deposits have been extensively
removed by the river, which has cut a wide valley into the underlying
Pierre formation to the west and into the Niobrara chalk to the east.
The western and northern parts of the county are underlain by the
Pierre shale and the southeastern part by the Niobrara formation.
The Dakota sandstone lies at a depth of 800 to 1,000 feet in the south-
eastern part of the county and 1,000 to 1,500 feet in the higher lands
in the northern and western parts, the beds dipping gently to the
north. It is probable that the head of water in the Dakota sandstone
is sufficient to raise it to an elevation of about 3,000 feet, so that the
formation should be expected to yield a flow in wells in the valleys
of Smoky Hill River and Twin Butte Creek. Several attempts have
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been made to reach the deeper-seated waters in this county. The
boring put down by the Union Pacific Railroad Co. at Winona is
1,356 feet deep, all below 160 feet being in shales, and is reported as
a dry hole. White shale was penetrated from 1,100 to 1,175 feet,
probably representing a portion of the Niobrara formation. This
hole undoubtedly would have reached the Dakota sandstone within
a short distance and found a water supply which would have risen
to within 300 or 400 feet below the surface. Two deep borings on
Hell Creek, in the extreme southeastern corner of the county, reached
a depth of 500 feet, all in the Niobrara formation and the top shales
of the Benton, without obtaining water, and a 408-foot boring at
Elkader had a similar result. A boring at Oakley is said to have
reached a depth of 700 feet and obtained a small amount of water,
which rose to within 30 feet of the surface. It is reported that some
water was found at 90 feet and at intervals down to 350 feet ir alter-
nating sands and clays in part of the Tertiary deposits. The underly-
ing shales extend to the bottom, which lacks about 450 feet of reach-
ing the Dakota sandstone. Oakley is slightly too high for a flow.?

The only analysis in Table 53 shows a rather hard caleic megnesic
alkaline water at Oakley; assays 1 and 2, which are also tests of well
waters in Oakley, show soft waters. Assay 5 indicates low bicar-
bonates and moderately high sulphates in a well at Winona. The
Oakley and Winona waters are derived from the Tertiary deposits.
Assays 3 and 4 show very hard waters at Russell Springs.

TABLE 53.—Analysis and assays of underground waters from Logan County.

[Parts per million.]

g @ %
2.0 2
Al o |= S
o . 17
! . E) Qﬁ QiIfs =l .
2 2 =T es2eE|IS &8 2
No.| Date. Source. 8 Analyst. | S|, |C § £z e leo| 2z 183
£ G 2|glE o5 B*El8 Ylg| 2
= "'553555“"_25356
B .§lg§§p:a'a§.‘_’ sE|S 8
a 723823 Sl (&|E|5]E
!
! ANALYSIS,
1908. :
1| Mar. 18| Oakley, well........... 111 U'IIEiOIIl( Pacific | 34/0.8} 70{ 23| 18| 129)....| 54| 0 7| 21| 350
ASSAYS.
1907.
1 | Sept. 22 | Oakley,wellof V. Kag- | 123/................. e e0f oo .0 232 T ...l 10)....
ger, Central Avenue
and Fifth Street. i
2 |...do....| Oakley, well of Union | 143................. DR [ R M Y 1] 25 Bt AV PN 5 1
Pacific R. R.
3 | Nov. 24 | Russell Springs, spring{....|................. e GOl L0 195 287 52).. ..
at head of draw in
south part of city,
public supply.
4 | Sept. 23 | Russell Springs, well | 20/................. oo 0fiLod.ooc] .0l 300| 626]....1 83]....
of R. J. Abell, in
bottoms of Smoky
Hill River. ;
5|...do....| Winona, wellof F. E. | 145/ ................ wee| Ot 0] 229] 49|....c 26]....
Brook. |

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, pp. 306-307.
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LYON COUNTY.

Tiyon County is underlain by Pennsylvanian rocks, which yield
hard waters.

The analysis, Table 54, indicates a sodic calcic saline water. All
of the assays, except No. 4, show waters of high permanent hard-
ness; assay 4 indicates a soft water.

TaBLE 54.—dAnalysis and assays of underground waters frem Lyon County.

[PParts per million.]

i I P v | g
<54 L g
| PRSI s B
| 2 21z S ez S 12 <
No., Date. ; . Source. 2 Analyst ol 82l g leci B2 7
\ v 21 a\".a»"*;~:s¢“
\ | P = §|2EE 8 =35 3
H =g "\....:::LEOQ < v
; H 585550 512 2
' }Ql HolRa (v R ja L >
- — | — |
I
ANALYSIS. | .
1901, [ ‘ '
1| Oct. 3 Emporia, well at stockyards.'.. .| Atchison, Topeka |... 95 12j 130| 198....| 75114 31
;& Santa Fe Ry. )
ASSAYS. l
1905.
1| July 29 Emporia, wellin easternpart'...| E. Bartow........ 0.04...
of city.e
2 | June 16 L Reading, well omne-fourth [...|_....do............ 1.2 ...
| mile north of Duck Creek.b
3 |...do....| Reading, well east of city....|...|..... do..oooaiio. Lol
4 |...do....| Reading, well near 142-mile | 35..... [ T 2.5, ..
‘ Creek. ‘
a Peddled in city. b On high ground.

M'PHERSON COUNTY.

About 55 per cent of McPherson County is covered by the Fquus
beds, which occupy what is believed to be an old river channel that
connected Arkansas and Smoky Hill rivers. These beds yield an
abundance of satisfactory waters. Over the rest of the county good,
soft water is difficult to obtain, for, except in the northern part,
where there are irregular areas of Dakota sandstone, the character
of the water is determined by Permian rocks, which generally vield
hard waters. _

In Table 55 analyses 1, 3, 5, and 7 to 13 represent tests of waters
from the Eguus beds, and should be compared with analyvses 2, 3, 5,
and 6 and assays 1 to 4, Harvey County (Table 38), which are tests of
waters from the same beds. Of the waters from the FEguus beds
in MecPherson County, analyses 1, 3, 4, 5, 7, 8, 10, and 11 (Table 55)
show calcic alkaline waters, analysis 9 shows a sodic calcic alkaline
water, and analyses 12 and 13 show calcic sodic all-aline waters. Of
the calcic alkaline waters analyses 1, 3,7, 10, and 11 indicate waters
of high temporary and considerable permanent hardness, analyses
4 and 5 waters of high temporary and low permanent hardness, and
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rnalysis 8 shows a very satisfactory water of low temporary and low
ermanent hardness. A calcic saline water so highly mineralized
« to be unfit for ordinary use is shown by analysis 6 and a celeic
«line water so hard ds to be unsatisfactory for use in steam boilers
s shown by analysis 6. It is probable that neither of these waters
»omes from the Equus beds. The superiority of well waters from the
Fquus beds to well waters from the Permian deposits in McPherson
mnd Harvey counties may be appreciated by comparing the waters
Tom these beds with analysis 2 of McPherson County and analyeis 1
>»* Harvey County.

The assays of samples from Marquette are interesting, because
;~ey show a peculiarity of the well waters in the city, namely, that
;~ose north of Smoky Hill River are free from iron, whereas those
south of it contain so much iron as to be most troublesome to the
1ouseholders. The cause of this difference in the well waters is not
sertainly known, but it may be that the waters of the wells north of
;e river come from the Fquus beds, which do not appear to yield
water of a high iron content. while the wells south of the river are
supplied with water from the unconsolidated material at the edge of
he river, which water often contains much iron, as tests of well
raters from this material at Salina, Manhattan, Topeka, L.awrence,
1nd Argentine show.

77836°—wsr 273—11——9
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MARION COUNTY.

All of Marion County is underlain by Permian rocks. and in certain
parts of it gypsum deposits are found; hard waters are therefore to
be expected.

All of the analyses (Table 56) show waters of high temporary hard-
ness, and they all show waters of very great permanent hardness
except analysis 4, which indicates a water of low permanent hardness.
Waters of the caleic alkaline class are shown by analyses 1, 2, 4, 5,
and 10. A calcic magnesic alkaline water is indicated by analysis 6,
a calecic saline water by analysis 3, a calcic sodic saline water by analy-
sis 9, and calcic magnesic saline waters are shown by analyses 7 and 8.
The assays all show exceptionally hard waters.
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MARSHALL COUNTY.

Marshall County is underlain by Permian and Pennsylvanian rock
from which hard waters must be expected. In areas covered by gl
cial drift, however, wells may obtain somewhat softer water.

Analyses 1 and 2 (Table 57) show calcic magnesic alkaline water
the former indicates a soft water and the latter one of considerak
temporary hardness. Assays 2 and 3 indicate very hard wate
Assay 1, like analysis 1, is a test of the city water at Blue Rapids.
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MEADE COUNTY.

In Crooked Creek vallev, from Meade to Wilburn, many flowing
wells, 50 to 250 feet deep, obtain water from Tertiary and Quaternary
deposits. The water is much used for irrigation, but its pressure is
slight. The northwestern corner of Meade County is underlain by
Dakota sandstone, which vields waters to wells of moderate depth.
Underlying the entire county and appearing in the valleys to the
southeast are ‘“Red Beds.”” One boring at Meade, a little over 800
feet deep, passed through 250 feet or more of Tertiary clay and sands
and then Red Beds and gypsum to the bottom. No good water was
obtained.!

The Meade artesian area is fully described on pages 40-43. The
only complete analysis (Table 58) is of a well water in Meade. The
analysis shows a soft calcic alkaline water and should be compared
with analysis No. 2 (Table 13), Clark County, assays 1 to 23, 25, 27,
28, and 29 (Table 58), Meade County, and also with the assays of
wells in Haskell County (Table 39), for they are very much alike.
The evidence that they furnish tends to substantiate Erasmus
~Haworth's opinion that the water of the flowing wells in Crooked
Creek Valley is derived from the ‘‘underflow’’ that is slowly moving
southeastward over the Cretaceous floor. :

The flowing wells in the Meade artesian area are wonderfully alike.
The temperature taken with a thermometer was found to vary
between 14.5° and 16° C. and that of most of the wells was between
15.5° and 16° C. The chlorine content of the waters of these wells
is remarkably constant, and in no case was the SO, as great as 35
parts per million. There is some variation in the amount of HCO,,
though not much. The waters, of which assays I and 5 are tests,
are peculiar in that they have a distinct odor of sulphureted hydro-
gen. The two wells that yield these waters are in the northeast
corner of the valley. W. W. Cockins, jr., states that the flow of the
wells in the valley of Crooked Creek varies from elmost nothing to
80 gallons per minute, but that the average flow is about 12 gallons
per minute, the flow of most of the wells being confined between 8
and 15 gallons. Wells that flow 30 to 45 gallons a minute are not
uncommon. Some of the wells that are artesian do not flow. Usually
this is due to the fact that the mouths of the wells are higher than
those of flowing wells near by, or to the choking of the wells by
sand, but sometimes the reason why wells fail to flow is not apparent.
The number of flowing wells in the valley is nct known. Some
estimate that there are 200 of them, while others ere confident that

1 Abstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 307.



MEADE COUNTY. 137

there are over 300. TIn all of the flowing wells the water is soft,
cool, and wholesome.®

Assay 28 (Table 58) is a test of a shallow-well water in Meade and
is believed to be representative of that water of which Iaworth
says

The whole of the artesian valley is supplied with the ordinary underground water,
which may be found at from 5 to 15 feet below the surface. Its abundance is not
known as no one cares to use it. It would seem that it is sharply distinguished from
the deeper lying artesian water, as it has no apparent artesian properties.d

The assay shows a very soft water very much like the artesian
water. Assays 24 and 26 are tests of waters outside of the artesian
area. They indicate very hard waters which are very high in chlo-
rides.

Assay 29 is a test of the famous Meade salt well. No analyses or
assays of the water of Meade County represent wells in the Dakota
sandstone.

TABLE 58.—Analysis and assays of underground waters from Meade County.

[Paris yer million.}

o p 3 E
% 25| = A %
-] *"_‘_ g = .12
oy FITRTIC |2 g 22y
No.| Date. Source. ¥ Analyst, | 5 57| ¢ ‘é < ‘i' =
= = ~| = —Q
z € E|Zl5g| S| 215 |8="
= ~ 23 5‘5 s|lal& gl
£ g ZI2RE 58 52
A EZ|ERE (E]a|a|Ek
ANALYSIS, |
1908,
1 | Sept. | Meade, well....... |45 | Chicago, Rock Island & Pa- [c1.4| 49] 4] 9.6 98|....] 28¢.7| 208
cific Ry. ‘
i Carh [ Bi Sul | Chl
arbon-| Bicar- nl- 0-
No.| Date. Source. ‘ 33’:))1 (III,(Z‘I)’ ate | bonate | phate | rine
\ : '} (CO0. | (TICO (30 | (.
ASSAYS.
19 ~
1| Oct , Fowler, NE. isec. 4, T.30S., R. 26 W ., 1401 0.0 0.0 241 | Trace. 10
| ﬂowmg well of A. D. WalKer. d }
2 l_.,do ......... do.e. . 140 .0 .0 236 | Trace. | 10
3 |...do...., Wilburn,SE, }sec. 4, T.30S8., R.26W., (5 .0 .0 236 | Trace. . 15
j ﬂ()\\mg well of A. D. Walker. i
4 |...d Meade, NE. 3sec. 12, 1. 20 8., R.28 W, 160 .0 .0 207 | Trace. 10
flowing well of I'rank Leach.
51...d Fowler, NW. 1sec S 26 WL, 175 .0 .8 312 | Trace. 4
well of M. M. Way. g |
6 |...do....| Meade, NE. }sec. 29, T. 308, R. 27 W, | 100 .0 -0 197 | Trace. 10
flowing well of J. 1. Mifler. »
71...do I“o“ler,S“ 1gec. 20, T.308.,, R.26W., 120 .0 .0 185 | Trace. 10
flowing well of John Syms. i

a The Meade artesian area is described by Erasmus Haworth in Water-Supply Paper U. £, Geol. Su~
vey No. 6, 1897, pp. 48-56.

] Watepqnpplv Paper U. 8. Geol. Survey No. 6. 1897, p. 50.

¢ SiOg+ FeqO3+ Al O3.

d 15° C. faini odor of HsS.

¢ No odor of H,S.

7 14.5° C.; the shallowest flowing well in the artesian valley.

¢ This well smells s'rongly of HaS and does not flow but others at a lower elevation on the place do. They
smell faintly of HaS.

1 15.8° C.; well farthest northwest in arfesian valley yielding a good flow.
7 The weakest flowing well in the artesian valley.
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TaBLE 58.—Analysis and assays of underground waters from Meade County—Contd.

‘ \
Car- | Bicar- Sul- Chlo-
No.| Date. Source. D[zle’tt)h (IFE‘;? honate | bonate | phate | rine
‘ (eet). I (COa). | (HCO3).| (805). | (CD).
. ! ‘ i |
Assays—continued. ' ' i
| 1907. |
8| Oct. 31 | Fowler,SW.1sec, 32, T.30S. R.oTW. | . _. 0.0 0.0 185 | Trace. 10
flowing well of Char] S \ourblm n
9 !...do....| Meade, SW. }sec. 33. i LR.O2TWL, 125 .0 .0 197 Trace. 10
flowing well of S. L. Sawyer. b
10 {...do....| Meade, NE. tsec.5, T. 31 8., R. 27 W, 125 .0 .0 211 | Trace. 10
flowing weﬁ of Ben] Cox. ¢
11 1...do....| Meade, NW. isec.5, T.318. R.2T W, 130 .0 .0 188 | Trace. 10
flowing well of Frank Maas. d
12 [ Oct. 30 | Meade,SE. Zsec. 14, T. 31 S, R. 28 W, 80 .0 .0 195 | Trace. 10
flowing well of G. 'B. Allen.
13 |...do....{ Meade,SE. % sec.14,T,31 8., R.28 W, 400 .0 .0 218 | Trace. 15
well of G. B. Allen. /
14| Oct. 31 | Meade, NW, 4sec.18,T.318., R.27T W, 60| .0 .0 204 | Trace. 10
flowing well of John Shaw.
15 | Nov. | Plains,NE. isec.20,T.31 8, R.30W,, 128 .5 .0 188 | Trace. 15
well of Jas. Graham. ¢
16 | Oct. 30 | Meade, SW.4sec.26, T.31 8., R.28W, | . ... .0 .0 198 | Trace. 10
flowin well of Mr, Hubbell,
17 | Oct, 31 | Meade, NE. tsec. 27, T.31 8., R. 27V W, 320 .0 .0 198 | Trace. 10
flowing well of Doctor Oldham. @
18 | Nov. 2| Meade, SW. isec. 12, T.328,, R.28W., 150 .0 .0 180 | Trace. 10
ﬂowmg well of A. D. Walker.
197 do.... \Imde SW, isec.17,T.328. R.28W. V.. .0 .0 195 | Trace. 10
§ ring near Crooked 1, Ranch.a
20 |...do.... Mea e, NE.%sec.19, T.328. . R.28W. | ... ._.. .0 .0 211 | Trace. 10
spring one-hall mile west of Big
Spring.
211...do.... Meade,SE.%1sec.19, T. 328, R.28W. | ... ... 0 0 215 | Trace. 10
flowin, well on Crooked L. Ranch.
221, .do Meade, 1sec.21,T.328. R.28W. | ... ... 0 0 204 | Trace. | 10
ﬂowmg well in v alley of Sprmg Creek
on Crooked Creek. a
23 |...do....| Meade, SW.1sec.22 T.328.,,R.28W ., |. .. .. .. 0 .0 235 | Trace. 15
well on Crooked L Ranch.’
24 |...do....| Meade, NE. }sec.34, T. 328, R.28W., | ... ... 0 .0 200 197 1,732
dug well.
251, .do....| Meade, NW.1sec.34,T. 3258, R.28W., |........ .0 .0 200 | Trace. 15
flowing well.
26 |...do.... Meadle,SE. isec. 35, T.328., R.28W., 160 | 10.0 .0 229 78 532
well.
27 | Nov. 3 | Meade, tap in city waterworks, 2 wells. . %gé } .0 -0 191 | Trace. 10
28 | Nov. 2 | Meade, shallow well of John Wehrle, 60 .0 .0 245 | Trace. 10
‘West Carthage Ave.
29 |...do....| Meade, SE. }sec.14, T.328., R.28W., | ....... .0 12 32 | Trace. 7,198
salt well,
30 | Nov. 4| Plains, well of Frank M. Paulon SE. % 168 | Tr. 0.0 185 | Trace. 10
sec. 19, T. 30 S., R. 30 W.¢
!

a16° C.

b15°C.; the second flowing well sunk in the valley.

¢ At the present time the well has become obstructed with sand and does not flow, but water is easily
raised by a pump. Thiswas the first flowing well in the artesian valley and was sunk in August, 1887,
(S. Doc. No. 41, pt. 2, appendix 26, 52d Cong., Ist sess., and S. Ex. Doc. No. 222, 51st Cong., 1st sess., pp.
151 and 155.)

d15.5° C.; well is at edge of road in front of house.

e Weak flow.

7 Artesian water entered at 15 feet; the well was sunk to 400 feet in an attempt to get a flow, but none
was obtained.

¢ Not i in the artesian valley.

k15.8° C.
i Put down in 1907.

MIAMI COUNTY.

As Miami County is underlain by Pennsylvanian rocks, the prospect
of finding soft waters is not good, for the rocks of this series and those
below it yield highly mineralized waters. C.J.Haffey, who has sunk
many oil wells about Paola, stated in conversation that the first oil
sand is reached at a depth of 280 to 370 feet, and that in the vicinity
of Paola 160 feet of casing shuts out all shallow ground water. He
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said, too, that 3 miles east of Paola the first water is met at a depth of
65 to 80 feet and that 135 to 140 feet of casing are used to exclude
it, while 4 miles southeast of the city 140 feet of casing cuts off all
the surface water. Mr. Haffev reported salt water as being encoun-
tered at a depth of 400 to 500 feet. 1t is commonly believed that in
the oil region of Miami County many wells of moderate depth have
been spoiled by salt water that has leaked out from the oil wells.

No analyses are presented. Assays 6 and 7, Table 59, show very
salty waters and the others hard ones.

TABLE 59.—Assays of underground walters from Miami County.

[ Parts per million.}

| . |
Car- Bicar- Su'- Chlo-
No.| Date. Source. ](nggttjh (1}]:%? bonate | bonate | phate | rine
: 1 (CO3). | (TICO3).| (804. I (CLy.
1905. ‘

1! June 22 | Osawatomie, Haskins's well, south |

side of Main Street........................... 0.0 0.0 284 91 127
2 .do..... Osawatomnie, Mrs. Roberts’s weli, north 1 .

side of Brown Avenue............... 30 .0 .0 221 g 132
3 |...do.....| Osawatomie, Gates's well, north side of

Brown Avenue (shallow).................... .8 .0 157 46 61
4 do.....| Osawatomie, spring at State Insane

Hospital. . ..l oo [ 0 0 345 246 25
5 | June 24 | Paola, spring on Gold Street, 2% biocks ‘

north of publiesquare........... ...l ... ... 0 .0 34 68 | 35
6 | June 23 | Paola, Conine well, one-half mile north- ‘

west of city .. | 0 .0 929 0 2,822
7 |...do.....| Paola, Nicholso I

west of cilya 5 .0 642 0 5,183
S |...do..... Paola, Thompson’

westof eity. ... ..o ... .5 .0 167 64 20
9 |...do._... Paola, Ringer’s well, 18 miles north of

[ Iy, .5 .0 229 43 15

10 |...do..... Paola, spring at edge of Bull Creek |
ahove Ten Mile Creek.. ... _._....... ... ... .0 .0 292 55 4.6
I

a Water comes in at 130 feet, below which depth the well is elosed.
MITCHELL COUNTY.

Mitchell County includes a portion of Solomon and Salt Creek
valleys. The greater part of its area is oeccupied by the Benton
shales, but to the east Solomon River has cut through these into the
Dakota sandstone. A number of wells reach this sandstone and
obtain satisfactory supplies but do not flow. At Asherville (?) a well
sunk 638 feet obtained abundant very salty water which rose to 26
feet below the surface. This well penetrated 49 feet of sand and clay,
3 feet of sand (Dakota ?), and thence to the bottom was in blue clay
and sandstone.

A well near Bluehill is reported to be 308 feet deep and to pass
through Benton shales into Dakota sandstone. Good water was
found, which at first rose to the top of the well and then settled down
again. A boring made 2 miles northeast of Cawker, sunk to deter-
mine the presence of coal, is said to be 4671 feet deep. Fresh water
was reported at 460 feet, but it mixed with the salty water from the
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higher horizon (213 to 215} feet) so that it was not utilized. The
water rose.to within 227 feet of the surface. The salty water was
undoubtedly from the saliferous shales which usually occur immedi-
ately under the Benton shales; the lower water was doubtless derived
from the Dakota sandstone.!

The only analyses presented in Table 60 are of the waters of the
famous Great Spirit Spring and of Waconda No. 2, both of which are
described in volume 7, pages 197-206, of the Kansas University
Geological Survey. The two assays show very hard waters.

TABLE 60.—.Analyses and assays of underground waters from Mitchell County.

[Parls per million.]

No.! Date. Source. Analyst.

sium (Na+K).

\

Magnesium (Mg).
Sodium and potas-
Carbé)nate (CO3).
Bicarbonate (HCO3).
Sulphate (SOy).

] Depth (feet).

Silica (Si0g).
| Tron (Fe).

| Caleium (Ca).

| Chlorine (Cl).

ANALYSES.

—
=1
o
o
=
by
»
£
@

Waconda, Great ... E. H. S. Bailey 6,308. ...

|
Spirit Spring . and D. F. Mc- )
(Waconda No. 1). | Arland a \ i
2 Waconda, Great ' - B S. Bailey | 15 (&)
|
i

276369 (N1) 5,589(....'....3,236 ...
(K) 178

Spirit  Spr ing rm(l E.M. Rice.a
(Waconda No. 2).

ASSAYS. l
1907.

1 Sept. 1| Beloit, wellof Beloit 40.. . .. . . ... . \ [ PR P 0.0 386 191164
Steamn Laundry. | | |

I'Sept. 5 | Cawker, wellofJ.W. 50 .................... . I TS .0, 356 132| 39
! Higgins south of
| city and 30 rods
} from South Fork

> o
;
:

of Solomon River.

« Kansas Univ. Geol. Survey. vol. 7. b Al 8.9.
MONTGOMERYT COUNTY.

Montgomery County is underlain by the Pennsvlvanian series,
the rocks of which yield highly mineralized waters, as do those of
the series below it. There is, therefore, poor prospe~t for soft waters.
There are many oil and gas wells in the county.

Analysis 1, Table- 61, shows a very heavily mineralized sodic
calcic magnesic saline water and analysis 2 a calcic alkaline water’
of very great temporary hardness. The assay is a test of a water
high in sulphates, bicarbonates, and chlorides.

1 Abstracted fromn I’rof. ’aper U. 8. Geol. Survey No. 32, 1905, pp. 307-308.
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TABLE Gl.—Analyses and assay of underground waters from Montgomery County.

[Parts per million.]

| g <]
‘ j ! b o) |8 I
e ! A - A - =2
‘ Py ~ 12| c ot STl &
No.' Date. Source. bl Analyst. SIRERE: gz T2 C
Z R g El ~ o a @ ~
| = 2IEl g | g g 12|51 8
| =] @ |~ E =1 (=2 ol It~ =
| 2. Sle| g o 5% =g | & S
! o Zi1e|l = | & S R I =T
' [s] Rn|R| A % clAla| U
| T T T
! ANALYSES. ‘ ‘ .
i
1. Independ- | 1,100 E. H. S. Baileyd ..| 20 92,7621,510 (Na)23,46% 409.4“ 240 45,081
‘ ence- i LOE)W6 |
| bromo -
| magnesium ‘
| well.a | [
2 .. Coffeyville, 33 ... do............ 249.5 166 36 8.8 662....] 28 14
well of J. [
\ Kloehr. .
! ASSAY. o
1907. ' H !
1! Mays Elk, well in el e W0 © .0 307 430 146
front of Ea- | ‘ !
; gle drug |
| store. J ‘
! 1

a Kansas Univ. Geol. Survey, vol. 7.

b Br, 183; 1, 1.3.

¢ 11 feet is the usual depth of wells in Elk A 26-foot well, a short distance from this one, was aban-
doned hecause the water was so very salty.

MORRIS COUNTY.

All of Morris County, except the southeast corner, is underlain by
the Permian series. The prospect for soft waters is, therefore, not
good, for the rocks of this series and those beneath it afford hard
waters.

The analyses, Table 62, show calcic magnesic alkaline waters of
great temporary hardness Analysis 4 should be compared with
the analyses of the well waters about Herington, as the water was
furnished by a committee of citizens of that city who were searching
for a water suitable for a public supply. The assays recorded in
Table 62 are all tests of waters in the vicinity of Council Grove and
show considerable variation in the constituents. Assays 1 end 2
indicate waters of moderate temporary and marked permanent
hardness, very high in chlorides. Assay 4 shows a water of high
temporary and permanent hardness, very high in chlorides. Assay 6
is a test of a water of great temporary hardness, low permanent hard-
ness, and high in chlorides. Assays 3, 5, and 8 indicate waters of
moderate temporary hardness, high permanent hardness, and low
chlorides. Assay 7 shows the only soft water in the group of assays.
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MORTON COUNTY.

Morton County! lies in the extreme southwestern corner of Kansas,
along the valley of Cimarron River. The entire county appeats to be
underlain by Dakota sandstone, which is deeply covered by the
Tertiary deposits on the higher lands. Along the Cimarron River
bottoms, south and southwest of Richfield, this sandstone yields
flowing water in wells 90 to 105 feet deep, but the pressure is very
slight and no flow is obtainable on the higher lands. Two wells 50
feet apart were sunk at Richfield to the depths of 651 and 701 feet to
obtain flowing water, but the flow obtained was from the ‘‘Red
Beds” and the water was of unsatisfactory quality. It is stated
that the pressure was sufficient to raise the water 125 feet above the
surface.

The following record is given:

Record of well at Richfield, Kans.

Feet.
Soil and Tertiary grit (reported as gypsum)........o............ 140
Yellowclayandsand......... .. ... ... ... .. ... ............ 40-52
Sand......... e e 52-71
Bluejointclay. ... .o .. 71-72
Dakota sandstone with great quantities of water which does not
rise much. ..ol 72-202
Blueshale.. .. ..o . . . i.........202-251
Red sandstone with a flow of 6.3 gallons a minute at about 637
2 251-701

In the southern tier of counties, including Morton, Stevens, Seward,
“feade, and Clark counties, the Cimarron River valleys have an aggre-
gate area of about 250 square miles of unusually smooth, even land
in which water in great quantities lies at a depth of 10 to 30 feet. A
few wells have reached greater depths before obtaining water, but in
such wells the water usually rises within 20 or 30 feet of the surface,
so that this measurement represents the distance the water will have
“o be lifted in pumping. In the southwestern part of the State the
Dakota water can be reached at shallow depths.?

William Easton Hutchinson, of Garden, writes that near the North
'nd South Forks of Cimarron River the wells are very shallow, many
nf them being less than 10 or 15 feet deep. In the northern part of
“lorton County, as well as in part of the extreme western section, the
depth to water is 100 feet or more, but in nearly all of Morton County
rood water can be reached at a depth of 45 feet. Two artesian wells
~ere drilled within a half mile of Richfield in 1890 and continued to
dow good streams for 10 years, when the flow ceased because of lack
nf proper attention to the wells.

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 308.
2 Abstracted from Report of the Board of Irrigation Survey and Experiment for 1895 and 1896 to the
. egislature of Kansas, p. 103.
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Neither water analyses nor assays were made in Morton County.

E. Dudley, mayor of Liberal, who bas had wide experience as a
well driller and who has been thoroughly conversant with south-
eastern Kansas since early pioneer days, says that at Point of Rocks
there are three flowing wells. The first of these is 8 miles east o
the city; the second is in the city and is a strong alkali water, while
the third is 12 miles west of Point of Rocks. Mr. Ddley says furthe-
that in Colorado, 6 to 12 miles west of the Colorado-Kansas State
line, in the Cimarron bottows, is a bed of gravel 7 to 12 feet thic"
that carries water in abundance. A 5-inch pump inserted 1 foot
below the top of the gravel failed to lower the water level.

NEMAHA COUNTY.

Nemaha County is underlain by the Pennsylvanian sertes whose
rocks normally yield hard waters; possibly wells in the glacial drift
may prove more satisfactory.

Analysis 1, Table 63, shows a calcic magnesic alkaline water o
high temporary and considerable permanent hardness, and analysi
2 indicates a calcic sodic alkaline water of marked permanent hard-
ness. The assay denotes a water of considerable temporary hardness.

TaBLE 63.—.dnalyses and assay of underground waters from Nemaha County.

[Parts per million.]

! . : | .
3 = £
JEs |8 S
IR &
i L2 + O |2 | ] .S
= = FSE2S | Q1w 4
No.| Date. Source. '3 Analyst. g L iClelRE T8 (C g i
R E = ST BlT = =
= CEREIFIEER- R A
e ~ 1= =2 £ S =
£ £ 5 |E/85% ¢ 8 5|5|5 8
a Z 58|88 (S|R|&|EF E
ANALYSES. ‘ !
1908 b ‘
1 Sept. Sabetha, well 50 feet [160 Chicago, Rock Is- |...1 a 16| 89 39, 34 208....1 87 12, &
! from Chicago, Rock land & Pacific |
| Island & Pacific Ry.
| Ry. tank.
2 ... Wetmore, well.. ... 44) Missouri TPacific | 31 2.9/ 86 16 48 139..“‘ 111] 24| 72 53(
Ry. .
1 ASSAY. |
1907. | | '
1| July 22| Seneca, city waterd | 67| ... .. ... L. Ii ‘0__.‘ ....... 0} 278| Tr.| 20|... ...
|
& 8102+ FeyO34+ A10O3. b Tap in Hotel Gilford.
NEOSHO COUNTY. -

As Neosho County is entirely underlain by Pennsylvanian rock, the
prospect of finding soft water is poor.

In Table 64 the only analysis is a test of a very hard laxative caleic
sodic alkaline well water at Erie. Assays 8 and 11 are the only ones
that indicate soft water. Assay 5 shows the hardest water of those
tested in the county, both the temporary and permanent hardnes:
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being remarkably high. The temporary hardness of the water, of
which 10 is an assay, is very great and the water is high in chlorides.
Assay 2 indicates a water of low permanent and rather high temporary
hardness. The other waters assayed are very hard indeed.

TaBLE 64.—Analysis and assays of underground waters from Neosho County.

[Parts per million.)

1
| 4 = \ }3
| - e 2
| %8428 . 53
NI ECRECRE \ 8
2 2 T8 IT|S g
No.' Dalte. Source. 3 Analyst. Sl .Clegl8zlT 512 .t g
& = Eert el =0 B =T I =
| Z| Z2e3les (5202 s
= 3 |~12 a) == 2 PR = o =]
2 gl5lElp3Ec 8 822
2 SielEi3le 122|812
‘Q Bl |ClEm |[S]ala |T)r
ANALYSIS. !
1902.
1! Nov. 7| Erie, well_........ ...l Atchison, Topeka & | 18/1.7|156 31{ 134, 247|._..{ 257 95 18
| Santa Fe Ry. ] \
i !
e
= | & s
~ 8 ? g =
No.| Date. Source. 3| Analyst. | .|| &[SI 2
< o\l 3| g 2[ 2
e Bl 2 2 [
Y sl 218 2
@ S Elg = =
= o el D
ASSAYS. |
1905. !
1| July 22! Chanute, publicwell........_............... | 30 E. Bartow..| 0.0] 0.0 177] 42139
2 | July 21 { Chanute, well at Kansas & Texas Oil Co. do .0 .0 321 Tr. 288
pumping station, 4 miles north of city.
3| ...do.... Chs;.nute well 3 miles south and | mile east of .00 .0 353‘ 121} 16
city
4| July 19 | Erie, well in southeastern city limits......... .0 .00 306 208 31
|
1907. '
5| Apr. 27 | Erie, Great North Western Qil Co.e......... 98 e L0 .0 616 ... 1240
|
1005 | |
6] July 19 ErII{e, \’éell at Atchison, Topeka & Santa Fe 90 E. Bartow..12.0/ .0 403 328109
v. depot.
7 {-...do....] 8t. Paul,publicwell.__._ ... ... .. ..... .0 363} 106 34
8 |....do....[ St. Paul, upland well 3 miles north of city... .0 255 Tr.| 6.5
9 [ July 22| Shaw, well 3 miles north and 1 west of city.. .0 310 113] 12
10 |....do....| Shaw, well 1 mile east of city........ ... - .01 763 Tr. 468
11 |....do....| Shaw, spring in pasture southeast of cityb. . .0| 310 Tr.| 12

a Well put down in July, 1906. SO, much greater than 626. Sample taken from hyd -ant.
b Sold in city.

NESS COUNTY.

The central, southern, and eastern sections of Ness County are
underlain by Benton shales. To the north and west the Benton
passes beneath the edge of the Niobrara formation, which is overlain
on the higher ridges by Tertiary grit. Probably the Dakota sand-
stone is at the surface, or a very short distance below, on Pawnee
Fork in the southeastern part of the county, and it underlies a region
northward at depths which gradually increase to slightly over 500
feet on the divide between the head of Walnut Creek and Smoky Hill

77836°—wsp 273—11——10
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River.  The town of Ransom on this ridge has a well 653 feet deep,
which passes into Dakota sandstone at 580 feet and obtains a plentiful
supply of soft water, rising to within 60 feet of the surface. The rock
is described as a soft, porous brown sandstone overlain by several
hundred feet of the blue shale of the Benton formation.

Ten miles southwest of Ness, in the northwest corner of T. 20, R. 24,
a well 450 feet deep reached Dakota sandstone and obtained a satis-
factory supply of soft water.

Twelve miles southwest of Ness, in the southwest corner of T. 19,
R. 25, a well 437 feet deep passed through shale and clay into the
Dakota sandstone at 370 feet and obtained a satisfactory water
supply. At Riverside, 12 miles southeast of Ness. a well 350 feet
deep obtains water from the Dakota sandstone. A well 6 miles
southwest of Danby is 385 feet deep and passes through 330 feet of
shale into sand rock, which vields water rising within 110 feet of the
surface. A well 10 miles southwest of Ness (sec. 11, T. 20, R. 24)
has a depth of 300 feet.

These representative wells indicate the general relations of the
Dakota sandstone in this county. The occurrenc> of the water is
general and its quality good, but no flows are obtainable. The under-
tying ¢ Red Beds’ appear not to have been reached and, although the
water which they contain may be expected to be under considerable
pressure, its quality usually is bad.*

In the vicinity of Ness City different wells carried to a depth of from 259 to 300 feet
have obtained water from the Dakota sandstone. No well has yet been drilled in Ness
County, which obtained a flow at the surface, but in all of them the water would rise to
within 35 to 60 feet of the surface so that it could easily be pumped.?

In some parts of the county other waters than those drawn from
the Dakota sandstone are available.

Along Walnut Creek, in Ness County, the wide valley is filled with Tertiary mate-
rials, beneath which there seems to be great quantities of water. In this valley the
water is continuous eastward throughout its entire length. As the Tertiary is passed,
other accumulations of loose material occur, so that the proper conditions obtain
thronghout the entire distance for the accumulation and maintenance of a strong body
of water. In passing laterally either north or south from Ness City we come upon the
Cretaceous formations. Southward there is but little Tertiary within many miles,
and a corresponding kack of water, excepting as it is drawn from the Dakota sandstone
over 200 feet below. Northward the high bluffs are composed of the Niobrara chalk,
on top of which is a mantle of Tertiary which soon reaches sufficient thickness to
become a great water-bearing formation. Asa result there is a belt of Tertiary material
between Walnut Creek and Smoky Hill River throughout the whole width of Ness
County, and even beyond, which has large quantities of water within easy reach of

the surface.
* * * * * * *

1 Description abstracted from P’rof. Paper U. S. Geol. Survey No. 32, 1905, pp.309-310.
2 Rept. Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kansas, p. 66.
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Along the Missouri Pacific Railway from Pendennis to Utica, Ransom, and Brownell
there isan eastern extension of the Tertiary, which is the level upland between the
headwaters of the streams which flow into the Walnut to the south and the short canyon
which flows into Smoky Hill River. Near the borders of this area the Tertiary is
comparatively thin, but in the central portion of it the wells are from 65 to 85 feet deep,
extending into the sheet water of the underflow, the exact thickness of the Tertiary
not being determinable since the wells are dug no deeper than is required to obtain
an abundant supply of water.!

The only analyses available are tests of two waters from skallow
wells in the Tertiary in the northeastern part of the county. Calcic
alkaline waters are indicated by analyses 1 and 2, Table 65, ar alysis
1 showing a water of moderate and analysis 2 one of high temporary
hardness.

Assays 1, 3, 5, 6, 7, 8, and 9 are all tests of wells that draw their
water from the Dakota sandstone. From the high chlorides and
sulphates it is evident that these wells tap the saliferous and gypsif-
erous shales of the Dakota sandstone. It is probable that the wells
would be improved by casing out this highly mineralized water and
sinking them deeper into the sandstone. Assays 2 and 4, Takle 65,
are tests of the waters of shallow wells; assay 2 shows a very hard
water and assay 3 the softest well water assayed in the county.

1 Rept. Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kansas, pp.
86, 111.
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NORTON COUNTY.

Norton County comprises portions of the valleys of Sappa and
Prairie Dog creeks and of the North Fork of Solomon River and the
intervening divides. Apparently its entire area is underlain by the
Niobrara chalk (which appears in the deeper wells), the intervening
divides being covered with Tertiary deposits. The formations all
appear to rise gradually to the west on a low anticline, whose summit
extends north and south along the western line of the county. In
the eastern part of the county the Dakota sandstone is probably
about 750 feet below the surface in the valleys and 150 feet deeper
on the divides. In the valleys in the western portion of the county
it lies about 900 feet deep and on the divides 200 feet deeper.

No deep borings have been reported from this county, tut the
results of the deep boring at Jennings and Kanona, in the next
county west, indicate that the Dakota sandstone contains a large
volume of water under moderate head which may possibly afford a
flow in the deeper valleys.!

All the analyses and assays presented in Table 66 represent tests
of shallow wells in the valley of Prairie Dog Creek. A wide dis-
crepancy is exhibited by the analysis and assays of the city water of
Norton, for, according to the former, the permanent hardness is
marked, whereas the latter shows it to be insignificant. No expla-
nation is offered as to the reason for the difference between the
analysis and assay, but perhaps one might be found if the corditions
under which the samples were taken were investigated. The other
tests show waters of high temporary and slight permanent hardness.

TABLE 66.— Analyses and assays of underground waters from Norton County.

[Parts per million.)

| Jr;’ [ | %
| = ’ =l
| - ARE z
‘ S S e 2] ]2
o RN R R =
No.| Date. Source. el ‘ Analyst. A [gz SRR
& o | = ~ 2 g @ @
‘ ot 1€.§@E5§3*§§%
g SiZi8282 51283
< Sz |28 8 (=2(F 2|3
A = Ul | T ‘m @ LlE
‘ [, SR R Sl
ANALYSES. | ‘ { ‘ .
1909. ! | !
1 Norton, city water, | 35-60 Chicago, Burling- 48 | 169| 28 34"250 I....1131 40
4 wells. ; %m & Quiney \ i \
\ . R.
2 | Sept. Norton, well.......... 6“ Chicago, Rock Ts- | 7.9, 89 18 15164 ( 371 15| 347
land & Paclfic ‘ |
Ry. i
. ASSAYS.
1907.
1| Oct. 6 | Norton, city water- B35 L0 LoLoloo] .0 472| Tr. 20(,__.
works well, 1,400 |
feet from Prairie
Dog Creek. ‘
2 1. ..do..... Norton, city water- 61y . ... LI R ) B .0 386 Tr.| 15. ...
works well at edge | | 1
of Prairie Dog Creek. l l
sdo....l.... do ... L 1.01..4. ....... : .0 869 Tr.| 15/....
i

e Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 310. *
b 8102+ Fea03+ Al O3,
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OSAGE COUNTY.

Osage County is underlain by Pennsylvanian rocls, which usually
yield highly mineralized waters.

Both the analysis and assays in Table 67 show very hard waters.
The analysis indicates a water of the calcic magnesic saline class.
The softest water tested is that of the public well in Quenemo.
Assay 4 exhibits the most highly mineralized water in the group of
assays, for it carries much greater amounts of IMcarbonates and
chlorides than are carried by the other waters, ard it is also very
high in sulphates.

TaBLE 67.—Analysis and assays of underground waters from. Osage County.

{Parts per million.}

& ~
N RE
o Red w2
. . \A g+ 213 &
= Al ®FITEeIY g |a |8
No.{ Date. Source. g Analyst. S < E\@z\ s 51212
< A = | ~ el glw
< 2lglggles 8, 21518
= ClElglsEI gl 2B
el [+ B =]
g =1812193° 5|2 53
A gadi=a <|R|a|C
ANALYSIS. ) '
1902.
1] Nov. 7 | Burlingame, well._.... . ... Atchison, Topeka & (22 |23 97 (37 | 2u \ 69 266 | 33
l Santa Fe Ry. \ ‘
I
] l . Om
= g =
A ‘ 8 E’ 9: =
No.| Date. Source. ® Analyst. . - B pot ©
. < o = = v
had @ Q 1 = @
= ) =] 2 Q k-]
s} ~ 1=} o E=] [
2 & 2 54 g2
o e & = =) l |
A = o =] @ O
N ‘ I
ASSAYS.
1905.
1 { June 13 | Burlingame, well at laundry on |.._...l..._..... ... Tr. | 0.0} 347 | 492 158
Main Street. ]
2 |...do.....| Burlingame, wellof MartinLund...|..._.. _............. 2.5 0| 367 |...... 204
3 | June 19 | Melvern, public well near the cream- 20 \ E. Bartow.. .8 L0 318 115 138
ery. |
4 | June 14 | Osage, city well on south side of |... ... ....:.... ... 50 Tr. | 695 | 222 l 500
Market ‘Street west of Fourth [
Street. !
June 20 | Quenemo, public well at Thirdand |...... E. Bartow..| .8 0| 347 68 30
' Maple Streets.
61...do..... Quenemo, well at sanitarium of Dr. |...... ..... do...... 2.5 L0 434 ] 157 66
l 0. Robertson. \
I

OSBORNE COUNTY.

Osborne County lies mainly on the Benton shale, which passes under
the Niobrara chalk to the west, the beds dipping very gently to the
north. The depth to the Dakota sandstone in tlis county ranges
from a very few feet in its southeast corner to about 500 feet on the
divides in the extreme western and northwestern sections. A number
of borings have been made, of which some appear to_have reached
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1he Dakota sandstone and to have found satisfactory water, while a
number of others have not been quite deep enough and have been
discontinued on encountering salt water, apparently in the shales
inderlying the Benton. A well of this character at Osborne, 301 feet
deep, found very salty water, which rose to within 30 feet of the
~urface. The well passed entirely through shale, and no sandstone
‘s reported. A well 9 miles south by east from Osborne (NW. £ sec.
3, T. 8 8., R. 12 W.), 360 feet deep, found a large volume of salty
~vater, which rises to within 45 feet of the surface. On Solomon
River, 6 miles northeast of Osborne (NE. {sec. 14, T.6S., R.12 W.) a
well 315 feet deep, passed through blue shale and obtained a large
volume of salty water which comes to the surface, and, it is claimed,
rose several feet above it when the well was first opened.

These wells indicate that an extensive stratum of water-bearing
material lies at the base of the Benton shale, yielding water too salty
for use. Doubtless wells bored through this horizon into the deeper
beds of the Dakota sandstone would obtam satisfactory water for
pump wells.!

Analysis 1 (Table 68) is a test of a soft water from the valley of
South Fork of Solomon River, and analysis 2 of a hard one in the
valley of the North Fork, Assays 1, 3, and 4 denote waters of high
temporary and low permanent hardness, and assays 2 and 5 indicate
waters of high permanent and temporary hardness.

L Description abstracted from Prof. Paper U. 8. Geol. Survey No. 82, 1905, p. 310.
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OTTAWA COUNTY.

Ottawa County, which comprises a portion of the lIower valley of
Solomon River, is underlain chiefly by Dakota sandstone, but in the
deeper valleys in the southern portion of the county the underlying
Permian shales are exposed. Many wells in this county penetrate
the sandstone to depths ranging from 20 to 150 feet, and generally
obtain satisfactory water supplies. Deeper wells would pass into
the salt-bearing shales which underlie the Dakota sandstone and which
do not contain good water.!

The waters of Ottawa County are very inadequately represented by
a single assay (Table 69), that of the wells of the ¢ity waterworks at
the edge of Solomon River. The water has moderate temporary and
decided permanent hardness.

TABLE 69.—Assay of underground water from Ottawa County.

Parts per million.]

Car- | Biecar- Sul- | Chlo-
ngtt)h (111;%1)1 bonate | bonate | phate | rine
g | (CO3), | (HCOs).| (504). | (CL),

No.| Date. Source

1907 -
1) Sept 2 | Minncapolis, city waterworks wells
and galleries; water derived from
sandrock. .. ...l 57| 0.0 0.0 272 44

8

PAWNEE COUNTY.

Pawnee County embraces a portion of the valleys of Arkansas
River and Pawnee Fork. Al the lower lands are underlain by
Dakota sandstone, but the ridge in the northern portion of the county
is capped by a thin bed of Benton shales. Along the river there are
extensive alluvial deposits, and to the south are sand dunes and Ter-
tiary beds. Many shallow wells obtain from the Dakota sandstone
water which rises to within a few feet of the surface. At Larnedis a
well 743 feet deep, from which there is a flow of 250 gallon= per
minute of very saline water. It is reported that fresh water was
found in the Dakota sandstone near the surface, a slightly saline flow
at 430 feet, and a strong brine under a pressure of 23} pounds at
743 feet.!

According to George I. Adams,” the valleys of Pawnee Creel- and
its tributaries are filled with fluviatile materials which form an impor-
tant source of water supply. The value of this aquifer depends on its
depth, for along the main stream and in the broader valleys, where
the material is thick, the water is never failing, but elsewhere the

L Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p 311.
2 Rept Board of lrrigation Survey and Experiment for 1895 and 1963 to the Legislature of Kansas,
pp 104-107.



Portion of the Pawnee bottoms, including the arey drain
mill Creek, the thickpegs of the fluviatile deposits jg aboy

Ana]ysis 2 (Table 70) showsg the Composition of the {
well near the mouth of Pawnee Creek, and assay 5 jg

and 12 indicate Waters contamingte by leakage from the ¢
alysis 5 shows 4 sodic saline Water, Analygeg 4, 10, 14, an
tests of sodic ealeje saline Waters, These Waters jt g evig

52y 1 of Table 70 Tepresents 4 test of the City watep at ]
and is ip accord with analysig g, Assay 2 ig a test of the wat
shallow ey in the valley of Pawnee Creek at , point congjq
above ¢} ﬂowing salt wel], The water s low jp carbonate
chlorides, byt high iy Sulphates, though it Carries myc lowe
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PAWNEE COUNTY.
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PHILLIPS COUNTY.

Phillips County lies near the eastern margin of the Iligh Plains,
extending from the vallev of Prairie Dog (Creek southward to and
bevond North Fork of Solomon River. The Niobrara formation is
extensively exposed in the deeper valleys, and on the higher lands
is covered by the late Tertiary sands and grits of the High Plains.
The Niobrara is 50 to 200 feet thick in this county and is underlain
by the Benton formation 400 feet thick, which, in turn, is underlain
by the Dakota sandstone. The formations dip gently to the north-
east, the Dakota sandstone ranging in depth from 500 feet in Solo-
mon Valley at the eastern margin of the county to 850 feet in the
higher lands to the north and west. The sandstone appears to have
been reached at Kirwin, at a depth of 430 feet, by a well which affords
a flow, but as the water is from the uppermost beds, or the beds at
the base of the Benton, it is too highly mineralized to be of use. A
well in Beaver Township, 6 miles south of Cactus, was bored to a
depth of 480 feet and found in blue shale a small supply of water
which rises within 50 feet of the surface. A few miles northwest of
Phillipsburg a similar well is 430 feet deep, and a well in section 21,
near Stuttgart, is 398 feet deep. These three wells were, of course,
not sufficiently deep to reach the Dakota sandstone.

In 1903 a deep boring was put down 44 miles northeast of Long
Island, in search of oil or gas. At a depth of 650 feet the top of a
stratum reported as ‘‘hard rock’” (probably the Dakota sendstone)
was reached. From 50 to 650 feet the boring was in ‘‘shale” of the
Niobrara and Benton formations, the chalk rock and limestone not
being specially recognized. As the altitude of this boring is about
2,050 feet, the altitude of the top of the supposed Dakota sandstone
is 1,400 feet.!

Erasmus Haworth ? states that as a number of small areas of Cre-
taceous rocks are exposed to the surface, the location of wells in the
Tertiary has to be judiciously done but that satisfactory supplies are
generally obtained wherever the Tertiary mantle is not to» thin.

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 312.
2 Rept. Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kansas, p. 99.
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Analysis 1, Table 71, shows a sodic calcic alkaline water. Analy-
sis 2 indicates a caleic alkaline water of considerable temporary hard-
ness, and analysis 5 a water of the same class that is soft. Analyses
3 and 4 denote calcic alkaline saline waters of low temporary and
marked permanent hardness. Assays 1, 4, 5, and 6 indicate waters
of high temporary and considerable permanent hardness. Assay 2
is a very incomplete test of the water of a deep well which is worthy
of further study. Assay 3 shows a highly mineralized water that is
probably derived from the gypsiferous and saliferous shales of the
Dakota. The well is located on the bluffs south of and 100 feet
above Kirwin. The well is cased with 438 feet of 5§-inch steel tubing
and 76 feet of 44-inch kalameined pipe. The well, which at times
exhibits a slight flow but usually does not, was put down for stock,
but the water proved too salty for their use.



159

PHILLIPS COUNTY.

*9z9 weqs 1338313 ¥ Q8 p *L88T Ul YUNS 5 2061 UI Jung ¢ OV + O%F 40180
_ 0D I01BAJ[H P urery 3inq
phe P P I D P T PR PR AU JO (oM Sup ‘Singsdinua | 8 1900 | 9
HIEXN
€92 [ S R AR R 0 |t J1d syiominem A1 mau ‘Jinqsdyiyg [
M
8EE [/ A el A e (I RS il R 0g sqiomigies L3 pro ‘Sanqsdipug 4
2 M 0T Y S 6L ‘g aes
/%G1 6¢ |- ISSoaad M BN S . At § AN 10 L4y *0) "H JO [[3M (UTAITY g
L 0 o AR R EARE A : glg T QZIT00[Y A\ "H JO [[9M ‘UIMIIY | H
0)
ToF [ R e e N 70 R 09 *AYy oPIOBJ LINOSSTIY JO [[9M ‘UIMITY] 1
"SAVSSY
022 [ 9 [ S g1 | S0 11 2] [1] 2 A AR TtopttUte 09 | M ‘MBTA w__mﬁm .......... ¢
V £y oyroeg £ QT B PUBST Y00y ‘ogea
[0 S 8 |89 | 631 ge L SIL | 8 p B PUTIS] Y20y ‘05wl | 17 140 W01y 199§ 000'¢ 104 *Bangsdrpyd oot v
115 | 6F P75 G R 861 e 9% 601 [N S £y oyRJ WNOSSIY | 8¢ [Tttt [em ‘usdory |"tccctes £
“H Y downdy
................ 1 |2 €18 6¢ et 6¢1 glol Tl ueiBuiung ‘oswdry) | e (28 ‘pur(s] Juo 4
ee¥ 0z |86 o1 6L 91 ¢ |90 | Tt Ay oyLoRg HNOSSTW | 1¢ o (84 Jup ‘vImaryg ..8 T
, 6061
. i ‘SHSXTYNY 4,
5 — — | |
Spios | el -0 | *¢os) ['Goom) | oo | FLEEN | 31 | () ,
peatos |40 pue | S22 | 057 [GRONY |afeton | oty | G i) ") Gors) — Loz ttog | ey |on
E@o& YN -[qD | -ng | -Iedlg | -1ed wnpos usdefy | -[8) # -t _,

[uorpprur 1ad syred]

fpuno) sdnpyg woLf sioppm punosbiapun fo sipssp pup sashppuy—'1, 14V,




160 QUALITY OF THE WATER SUPPLIES OF KANSAS.

POTTAWATOMIE COUNTY.

Pottawatomie County is underlain by Pennsylvanian series and, -
the northwest corner, by an area of Permian beds. The prospect f
soft waters is therefore not good unless satisfactory wells should !
developed in glacial deposits.

The only waters tested are from wells in the Kansas River valle
so that little is actually known about the ground waters of the count;
Both the assay and the analysisin Table 72 represent tests of shallo
well waters at Wamego and indicate that the waters have decide
permanent and moderate temporary hardness; the chlorides in tl
two waters are rather high.

TaBLE 72.—.dnalysis and assay of underground waters from Pottawatomie County.

[Parts per million.]

i 4 =
} ,;‘gh‘ . §
L0 | St | = -
. JZH S 1215 4
= =~ Cl v X =
No.| Date. Source. I Analyst. > S E Sz Y1222 -
| £ ACIEIEIP A AR
- \i‘ﬁ« ElZiggl 8|18 |5 |8
= s|I-|2|lgiEEl S| w9 |5 |-
=S sligilaggz 2 el812]-
z S o|=|&Ee | 8|2l |=
= Z 8|C|R R (o |®R[L|T|E
— = I — RO St A U S SN Uy EO
ANALYSIS.
I 1908 i
1! Mar. 5| Wamego, 2 wells....... 57 Union PacificR.R. 23|0.8 97 13 86 110/....| 156| 95| ¢
| .
ASSAY. |
1907. .
1| June 24 | Wamego, city water, 3 50 ....... ... ... ..., L0 feoo]ooo| 0] 292 157 100 ..
wells. ‘ ‘ i
| | i

PRATT COUNTY.

Pratt County is situated in south-central Kensas on the Hig
Plains, between Cimarron and Arkansas rivers. Its surface is coy
ered by Tertiary deposits from 50 to 200 feet thick, and its princips
water- supplies are obtained from coarser sands and gravels at th
base of these deposits. The next underlying formation is the Dakot
sandstone, which thins out to the south and gives place to ‘‘Red Beds,
which lie at no great depth in the southeast corner of the county.

The only deep well reported in this county—that at Pratt—is 80
feet deep. Salt was found from 600 feet down. The salt-bearin
beds carried some water that rose within 15 feet of the surfac
Judging from the experience of the deep well at Anthony, in th
adjoining county, the salt-bearing beds are very thick. The unde
lying limestones are probably not to be reached at a depth of les
than 2,500 feet, and possibly much more. Whetlher these limestone
would yield satisfactory water is also uncertain.!

Analyses 2, 3, and 5, Table 73, show soft calcic alkaline water:
Analysis 1 is a test of a soft caleie sodie alkaline water, and analys]
4 of a hard calcic saline water. The three water assays indicate sol
waters.

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 312.
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162 QUALITY OF THE WATER SUPPLIES OF KANSAS,
RAWLINS COUNTY.

Rawlins County lies on the Iligh Plains and is traversed by the
valleys of Beaver and Sappa creeks. The entire area appears to be
covered' by Tertiary beds, except in the bottomrs of some valleys
where the underlying Pierre shale is revealed. The Pierre formatior
is several hundred feet thick, the State well at McDonald havine
penetrated it for 213 feet without reaching its base. The underlying
Niobrara formation and the Benton group have a thickness of about
900 feet. The Dakota sandstone is at an altitude of 850 to 1,15(
feet above sea level. It dips gently to the northwest, and shoulc
therefore be expected at a depth of 1,600 feet in the southeast corne-
of the county and at 2,400 feet on the higher lands of the westerr
tier of townships. Judging from the experience of the wells in the
adjoining county—Decatur—the formation contains water, but nc*
under sufficient head to yield a flow even in the deeper valleys.!

Still farther west in Decatur and Rawlins counties the Cretaceous deposits are rela
tively thick and the wells are correspondingly deep, but in almost every case the
supply of water is abundant and the quality good. Some of the tributaries of the
Republican in Rawlins County have cut their channels dowrward through the Ter
tiary, and for some distance into the Cretaceous, giving areas where the water suppls
is deficient. But while this result has been produced, another one exceedingls
advantageous has also been brought about. The streams cutting through the Tertiar;
to the Cretaceous floor have made it possible for springs to exist. It is by no mean
uncommon in Rawlins and Cheyenne counties, particularly in the latter, to fin¢
various valleys along the principal tributaries of the Republican which are wel
watered the year round without any artificial application. The valleys have beer
corroded to the base of the Tertiary and an outlet to the general hody of undergrounc
water has been produced, so that constant seepage is in progress, forming pools o
living water here and there along the streams, and frequently saturating the soil o
the valleys to so great an extent that even in dry seasons furtl er application of wate
is not desirable.?

Both the analyses and assays presented in Table 74 represent test:
of waters in the valley of Beaver Creek. The asseys should be com
pared with assay 1, Decatur County (Table 20). Analysis 1 denotes
a caleic magnesic alkaline water, analysis 2 shows caleic sodic alkaline
water, and analysis 3 a sodic calcic alkaline water. Of these analyses
Nos. 1 and 2 show waters of high temporary and noticeable per
manent hardness; analysis 3 indicates a soft water. The assay:
represent waters of high temporary and permanent hardness.

1 Abstracted fromn Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 313.
2 Rept. Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kansa
p. 9.
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TABLE T4.—Analyses and assays of underground waters from Rawlins Covnty.

[Parts per million.}

‘ J‘n -~
= S
1 <25 = |,
' SRR A K
: sI€rLE IS
No.| Date. Source. ‘ 3 . Analyst. BRI EE IS
= o | ZlE.Z 515 |21a
~ o [SER I~ = -1 2
\ £ | S EEEE 512125
PE g (ElgZE| 218|518
o o =} ! 2 E
2 s =2 |[S|R|E 8
JE D S _ o _ _ ) — _
ANALYSES. | ! ! i
1609 | i ! |
) N O Blakeman, well........ 50| Chicago, Burlington |ae 62 | 133 43 76321 |....| 80| 40
‘ & Quiney R. R. | \
2. Herndon, well.......__. 20[.,.. do... ...l ab2 | 121] 25 99\310 ... 5433
k2 PR MeDonald, well. .._.... i 210‘ ..... doe.aoillll a 89 59| 17, 74182 46( 19
ASSAYS. ] } ‘ \
1007 | ! .
1] Oct. 2| Atwood, city water- ' 82-36 ... .....cceieeceennnn- Pt) PR B, .0 323| 66| 26
works, 3 wells. ‘ |
2|...do....| Atwood, public weltat |.._. .. L 0‘ o 323 108| 36
Fourth and State I l
Streets. | ‘
i

a Si0z2+ Fe203+4 1205,
RENO COUNTY.

The northeastern part of Reno County and a considerable area in
the southern part are underlain by Permian beds. Except for an area
in the northwestern part, where the Dakota sandstone is the under-
Iying formation, the rest of the county is covered with Tertiary
deposits.

Analyses 1, 2, 13, 14, 15, and 16 (Table 75) represent tests of waters
from wells in the drainage basin of North FFork of Ninnescah River.
Al of these waters, except that from the well at Sylvia, are high in
chlorides and it may be that this is characteristic of wells in tl'e basin
of the North Fork. Those waters of which analyses 1, 2, and 13
are tests are more highly mineralized than those whose quality is
indicated by analyses 14, 15, and 16. Analysis 12 shows a water
high in sodium and chlorides, which perhaps come from the solution
of common salt, for there were salt works operated at Nickerson {rom
1888 to 1891. The rest of the group of analyses are tests of shallow
well waters in Hutchinson. The high calcium, sulphates, and chlo-
rides seem to point to the fact that the salt and possibly ice industries
have contaminated this class of wells. This seems particularly evi-
dent in the waters whose quality is indicated by analyses 4, 8, and 11,
Analyses 3, 6, and 10 give some evidence that the waters of which
thev are tests are not unaffected by the operations of these manu-
factures. Analyses 7 and 9 show the composition of waters that
probably approach the normal for the region.
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The assays suggest the same inference as to the contamination ¢
the shallow wells by the salt and possibly the ice industries. Th
wells of which 1 and 2 are assays are in the northern part of Hutct
inson away from the influence of the wastage of the salt and ic
factories, whereas the other wells are in the southern part of the cit,
and do not escape it. The points in Cow Creek are below salt works
the Dairy Company well is not far from them and the two othe
wells are in the southeastern part of the city near Arkansas Rive
toward which the subsurface drainage makes.
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REPUBLIC COUNTY.

Republic County, which comprises a portion of Republican Valley
and the highlands eastward, is mainly on the eastern edge of the
Benton shales, with the Dakota sandstone exposed in Republican
Valley. The formations are nearly level or dip very gently to the
northwest.

A number of wells have been bored through the Benton shales into
the Dakota sandstone, and others are sunk in the sandstone itself,
most of these wells obtaining satisfactory water. At Belleville a
city supply is obtained from wells 155 feet deep, sunk through Fenton
shales into Dakota sandstone; the wells yield 25 gallons a minute.
The only deep boring reported in the county, that at Scandia, reached
a depth of 1,110 feet, passed through the Dakota sandstone into
Permian rocks, and at a depth of 1,000 feet found excellent water,
which rose within 16 feet of the surface®.

Analysis 1, Table 76, denotes a calcic magnesic alkaline water
that is not very highly mineralized. Analyses 2 and 3 show hard
caleic alkaline waters, and analysis 4 indicates a sodic calcic alkaline
water.

Assay No. 1 is a test of the city water from the Dakota sandstone.
The sulphate and bicarbonate figures both are high and mark the
water as having high permanent and temporary hardness. The

assay of the shallow well water at Scandia shows the water to be
hard.

TaBLE 76.— Analyses and assays of underground waters from Republic County.

[Parts per million.]

{ 5 [ . g | 4
= o 5 |
R ) =
o2 2 ' AR g3
e O'E R °g
-~ P = V'ti-:'-': C Si2ials 2
No.| Date. Source. g Analyst. = < E g2l 15 21T 8 S
& Zl e  Z|l2i 25 8 b
= ZI& E|ZgelE|E 5|82 B
£ al T |E|EEEl8l5 |S1E 18|
o < <] SRR =R ! @ 21 o = o
2 £l 2121887 E 2151213 8
= @ E jC|Re (Clalald|r s
ANALYSES. {
1908 L
1| Sept. Narka, well, 900 ' 35| Chicago, Rock Ts-|...[6 1.9 43 21 10| 106/....| 22 11 .l 215
feet fro-u tank. ) . land & Pacific ‘ '
Ry.
2 |...do..... Scandia, well, 100 | 28'_ ... do.o..o.o.... _..|1b7.90 86 15| 42 148(....| 65 39(....! 403
feet from tank. ‘
F2 20 P P do.... ...| 16, Missouri Pacific | 33| .8/118 14 65 203|....| 101 43| 66 645
Ry. |
4 1909, Wayne, well._._... 60; Chicago. Burling-1._.[b31 195‘ 22 208, 384(....| 195 227/ .. .{....
ton & Quincy
R.R. !
ASSAYS.
1907. |
1| Feb. 21| Belleville, city "154................... UL I B, Lol 0P 4360 01 44|
waterworks well. |
2| Feb. 22 | Scandia. well in ' 16/.. . .............. LT ... .0 3821 67 24....|....
Milier's  livery :
stable. |
|

aAbstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 313.
b 8i 02+ Fea O3+ Al Os.



168 QUALITY OF THE WATER SUPPLIES OF KANSAS.
RICE COUNTY.

Rice County includes a small portion of Arkansas Valley below
the Great Bend and extends northward to the low divide toward
Smoky Hill Valley. The greater part of the county is underlain by
Dakota sandstone, but the underlying Permian beds appear to the
southeast.

Many shallow wells obtain water from the Dskota sandstone.
There are a number of salt wells and shafts in the county, one boring
at Liyons having been carried to a depth of 1,625 feet.

In Sterling there are brine wells 916 and 946 feet deep, and at Little
River a salt well 1,000 feet deep was reported. The thickness of the
salt-bearing formations and the nature of the rocks by which they
are underlain have not been determined.!

Analysis No. 1, Table 77, shows a soft calcic alkaline water. Analy-
sis 2 and assay 7 show the composition of a water from the Dakota
sandstone. The sandstone is entered at 45 feet and passed through at
50 feet. The well yields 45 gallons a minute and the water rises to
within 30 feet of the surface. The water is soft and contains a con-
stderable amount of chlorides. Analyses 3, 4, and 5 show hard
calcic alkaline waters; analysis 6 indicates a very hard caleic alka-
line water high in chlorides.

A clay stratum is locally believed to separate the two sets of wells,
of which 1 and 2 are assays. In some parts of Sterling this clay
stratum is not found by wells which are sunk deep er ough to pierce it,
so that it is not unlikely that the wells are all connected with each
other. The sample of which No. 1 is an assay was taken after 5,500
gallons of water had been pumped. The four wells were then dis-
connected and the pumps attached to the two 4¢-foot wells from
which a like quantity of water was pumped before the sample, of
which No. 2 is an assay, was taken. Assay 2 shows lower sulphates
and higher chlorides than are shown by 1. As these two sets of wells
tap the underflow of Arkansas River the lower sulphates in the
deeper sample is to be expected, but the higher chlorides is not
easily explained. Assay 3 is a test of another shallow well water in
the Arkansas River underflow. Assay 4 shows the composition of
the water of the well at the Sterling salt works that was put down in
1902 and in 1907 was abandoned for boiler use because the mfiltration
of salt had destroyed it. Assay 54s a test of the water of the well
that was sunk in March, 1907, to be used in place of the old well.
Assay 6 is a test of the city water of Lyons, which is shown to have
considerable temporary and but little permanent hardness.

1 Abstracted from Prof. Paper U. S. Geol. Survey No. 32, 1905, p. 313.
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RILEY COUNTY.

Riley County is underlain by Permian beds, except in the eastern
and southeastern parts where Big Blue River and its tributaries have
cut through to the Pennsylvanian series.  The prospect for soft waters
is not bright, for both the Permian and Pennsylvanian series yield
hard waters. ‘

Analysis 1, Table 78, shows a water of high temporary and slight
permanent hardress. Analysis 2 indicates a calcic alkaline water of
high temporary and considerable permanent hardness. The four city
wells are located at the base of a high bluff, and it 1slocally believed
that they are supplied by sheet water frombeneath the bluff. Analysis
3 Indicates a very hard water. Analysis 4 Is a test of a very hard
and probably corrosive calcic magnesic saline water.

Assays 1 to 10 were made in the course of an investigation of the
wells in the city of Manhattan. The citizens call some of the well
waters hard and others soft. To determine whether there was actu-
ally any difference in the waters, tests were made of wells located in
widely separated parts of the city. It was {ound that the wells whose
waters had a high permanent hardness were called hard and the
others solt, though the temporary hardness of all of the wells is very
marked. The wells of high permanent hardness are the ones of which
assays 2, 3, 6, and 10 are tests. All of these wells are located in the
southeastern part of the city in an area bounded by Big Blue River,
El Paso, Fourth, and Fremont streets.

Assay 11 indicates a water of very high temporar;s and moderate
_permanent hardness.
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ROOKS COUNTY.

Rooks County comprises a portion of the Solomon River valley
and the adjoining ridges of high plains. The whole county appears
to be underlain by the Niobrara formation, covered on the higher
lands by Tertiary deposits. The Dakota sandstone lies more than
500 {feet below the surface on the highest lands and at a depth some-
what less in the valleys, especially above North Fork of Solomon
River below Stockton. The strata dip gently to the north.

The Dakota sandstone will not afford surface flows in this county,
except possibly in the bottoms of some of the deeper valleys. The
deepest well reported (490 feet deep) passes through the lower beds
of the Niobrara and the Benton formations to the Dakota sandstone.
It is situated on the slopes 9 miles south of Stockton, on the road to
Plainville, and yields a large supply of excellent water, which rises
to within 60 feet of the surface.!

A good illustration of the perplexing conditions that are sometimes encountered
in locating wells in the Tertiary is afforded in Stockton. Here the valley of North
Fork of Solomon River has been cut down into Niobrara chalk for 100 feet or more-
Subsequently. a filling-in process occurred until the valley was filled to a depth of
from 30 to 50 feet, producing a broad level surface over which the river flows as it now
exists. Well drilling on the different lots it Stockton yields varying results. In one
part of the town water can be found in great abundance. In another part, however,
water is not found, but in its stead the chalk is reached at a depth less than that at
which water is found on adjoining lots. The explanation is easily understood. An
underground ridge of the chalk beds extends outward into the velley some distance,
a ridge similar to that which we often see along valleys at the present time. The old
Solomon River valley is filled with water to a certain level. A well drilled in it at
any point where the water level covers the chalk bed floor will find an abundance of
water. But should the drill he started over one of these chalk ridges which extends
down into the valley, so that the surface of the chalk is higher than the underground
water level, of course no water could bhe found.?

The only analysis presented in Table 79 is of the water of the city
of Stockton, which draws its supply from six points sunk 10 feet in
the bottom of a well 40 feet deep that is 800 feet northeast of North
Fork of Solomon River. The water is shown by the analysis and
by assay 2 to be very hard. Assay 3 shows a somewhat harder
water. Assay 4 is the test of a moderately hard shellow well water
in the valley of Robbers Roost Creek. Assay 5 indicates that the
water which is from a shallow well is very hard. Assays 6 and 7 are
tests of waters from wells that are known to reach the Dakota sand-
stone and the high degree of mineralization of the waters indicates
that they are derived from the saliferous and gypsifercus shales of
that formation. Probably if the wells were sunk deeper into the

1 Abstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1905, p. 314.
Rept. Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kansas, p. 61.
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rock, softer water would be obtained. Assay 1 is a test of a well in
the Saline River valley and is a very much softer water than any of
the other waters of the county that were assayed.

TABLE 79.—Analysis and assays of underground waters from Rooks County.

[Parts per million.]

|4 . &
l = B °
. N 2 z E’_f_ SlElale
= = S — |z l—|2
= &) = 2 3.
No.| Date. Source. z Analyst. = |2 E 27 1T IT)°
< AR IES R
= =|=|E|S1BE| 2 1< |E
=) S|Z)E IR I 1 52
X =2 2I=|g 78| = | =
A D =T A Cl@m |C
ANALYSIS.
i
1 1 I Stockton, & points, city | 50| Missouri Pacific | 35 1L 41059.9 4 161 154 15 10, 509
waterworks. Ry. ‘ ‘ ‘
o p— = p— T - - -
Car- Bicar- Sul- Chlo-
No.| Date. Source. ge&th (IE%? honate | honate phate ' rine
eet). - [ (COy). | (TTCOy).| (500 | (CL).
ASSAYS.
1907.
1| Sept. 9 | Plainville, well of Hotel Bales.. ..... 52 0.0 0.0 275 | Trace. 31
2 | Sept. 8| Stockton, city waterworks, from
points. .. ... €0 15 .0 344 13% 19
3 |...do.....| Stockton, wellof W. O. Cross........ 23, L0 .0 323 | 202 39
4...do..... Stockton, well of W. T. Anderson, on !
sec. 1, T.8 S, R.1I8W..... . .l . . .0 .0 312 4 19
5 |...do..... Stockton, dug well of 0. HMen NE. |
1sec.35, T.8 8., R. 18 K0, Trace 0 350 1v5 19
61]...do..... Stockton, well of O. H’izen !
sec. 35, T.8 8., RIS W ' 75 | Trace 0 (35 431 1,833
7 |...do..... ' Stockton, well of O. Jazen, N
l T.8, R. 18 W.b - 504 L0063 638 026 1,635
e Sunk in 1903. b Taken f1o u tank.

RUSH CCUNTY.

Over most of Rush County the surface formation is Benton shale,
but the Dakota sandstone is said to appear in its southeastern corner.
The beds dip gradually to the north, so that along the northern
border of the county the depth to the sandstone is 200 to 500 feet,
the latter being the elevation of the highest land in the divide south
of Smoky Hill River. The sandstone has been reached by a number
of wells which usually yvield satisfactory supplies of excellent water.
At Lacrosse and in its vicinity there are many wells from 300 to 400
feet deep. At Otis a well 260 feet deep is reported. In the higher
lands northeast of Lacrosse a plentiful supply of soft water, which
rises to within 240 feet of the surface, is found in the sandstone at a
-depth of 444 feet. In the township south of Lacrosse some wells
find the Dakota sandstone waters slightly too saline to be palatable
for domestic use. In other portions of the county salty waters are
found in some wells which stop in the first sandstone layers under
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the Benton shale, a horizon which usually yields unsatisfactory
waters. By deepening these wells a few feet the Dakota sandstone
should be penetrated and probably more satisfactory water ob-
tained. No reports have been received of wells sunk into the forma-
tions underlying the Dakota sandstone. It is to be expected that
such wells, unless very deep, would find nothing but the salty water
of the Red Beds.?

The fluviatile deposits in the valleys of the Walnut and its tributaries are of great
importance as furnishing the principal water supply of this area [Walnut Creek valley].
The valtey of the Walnut is filled in with sands and clays, Faving a substratum of
gravel for a considerable width. The important tributaries of this stream on the
south are Dry Walnut, Otter ('reek, and Old Maids IFork; on the north Sand Creek,
Alexander Dry Creek, Bazine Dry Creek, and Long’s Branch. These likewise have
their valteys fitted in with considerable deposits of fluviatile material. .

* # * * % 3 *

Under this last head [water in the Tertiary| may be inctuded only a few wells founc
on the high divide between the Pawnee and the Walnut. The Tertiary here is founc
in onty a few irregular patches and usually is not of great enough extent to form a res-
ervoir capabte of supplying a large amount of water. There are many wells, however,
which depend upon it for their supply.?

Under the head of the fluviatile, the water supply of the city of Lacrosse should be
mentioned. Here we have a town located on a small stream, with the water found in
the underflow of its immediate valley, which extends in a comparatively narrow zone
through the city. Wells dug on either side of this extend into the Benton and {ail
to find water.

Analysis 1, Table 80, shows a sodic saline water from the Dakota
sandstone. Analysis No. 2 is the test of a mixture of water from a
shallow and a deep well. Assays 1 and 2 show the quality of water
in each of these wells. Both are high in sulphates, chlorides, and
bicarbonates. Analysis 3 shows a very hard sodic caleic saline
water from the fluviatile deposits of Walnut Creek.

All of the assays, except the first, are tests of wells which derive
their water from the Dakota sandstone. The waters are very hard
and the high sulphates and chlorides indicate that the waters come
from the gypsiferous and saliferous shales at the top of the Dakota.
Probably more satisfactory waters could be obtained by sinking the
wells deeper.

1 Abstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1905, pp. 314-315.
2Rept. Board of Irrigation Survey and Experiment for 1895 and 1896 to the Legislature of Kensas
pp- 107, 108.



) RUSSELL COUNTY. 175

TasLE 80.—Analyses and assays of underground waters from Rush County.

[Parts per million.]

LR J 5 13
REREZIEEES E
A = S EEH el 222 8.,
3 sl AZla 32|53 12IE18 |24
No. Date. Source. 2 Analyst. Z'A=IBIEAl 2T SE
= E 2lglg ey 2| S oig . o]
= -~ = 2 8lExlg]| =2 |2 =g A
= z Z'E| e 25l 2158 g Sely
=3 < a2 B »lxZ|4 &3 =238
=3 Z 23 338 8|3 |ZOH5S
a Z = Clam ([T la (T e
ANALYSES.
) O P Bison, well.......'204! MissouriPacificRy.| 242.7| 4012 | 241 118 60,87 9.9, 802
2 e Lacrosse, 2 wens.{ oo }...do ............... 19\3 22 5.6] 431] 131| 2231400] 5.5 1,242
1902.
3 l Dec. 15..... Rush Center,sur- |...| Atehizon, Topeka | 281.2:19621 | 244! 153 264408|.._.'. ...
| face well, & Sania Fe Ry. ‘ 1 I
. <
> |2 .
a3 >
~ € lex| S| 2
3 T eS| 2 )
No.| Date. Souree. 2 > é’ =5 e e
= = g |52 3 &
= ~ S ~ £ g
‘ 2 g = 1= 202
! < 2 3 17 = <
| A = [ SR 5] o
ASSAYS.
1 Lacrosse, dug well of Missouri Pacific Ry ....... 36 | Trace.| 0.0 | 229 | 276 146
2. | Lacrosse, well of Missouri Pacific Ry.... -t 300 0.0 L0 267 237 453
31 | Lacrosse, well of Bert Shiney....... o234 .0 J 0 J 280 1 265 ‘ 143
4. ! Lacerosse, well of John Monftfort ... 210 [ 021 L2799 | 3 190
5. Lacrosse, well of W. H. Russell, SW.1 sec. 3, T. | | ‘
( RS, RIS W e 205 l ) l 280 1 265 443
6 Lacrosse, well of Judge Anderson, NE. 1sec.9, ] . ‘
[ T.ISS,ROASW L. 308 .0 L0 2720 2371 467
7). .do..... Lacrosse, well of Jas. A.ITite, SW. } sec.27,T.17
! SRS W 325 | Trace. .0 317 | 208 438
i

RUSSELI, COUNTY.

Russell County comprises portions of the vallevs of Smoky Hill and
Saline rivers and adjoining divides. Over the greater part of the
county the Benton shales lie at the surface, Dakota sandstone heing
exposed to the east in the vallevs of the two rivers. The formation
dips very gently to the north and is nowhere more than 500 feet
below the surface, the depth being least along the river bottoms in the
east, central, and south portions of the county. Many wells reach
this sandstone and obtain water supplies, usually of good quality and
in considerable volume. One well in Saline River bottom, north-
west of Russell, is 125 feet deep and obtains from the Dakota sand-
stone a flow of moderately hard water, which is said to have suflicient
pressure to rise 40 feet above the mouth of the well. Some of the
wells obtain their water from the top sandstone of the Dakota, and
others go deeper into the formation to obtain better supplies. A well
at Russell 325 fest deep apparently did not reach the Dakota sand-
stone, but another well at this place, sunk to a depth of €97 feet,
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obtained water, which rose to within 300 feet of the surface but was
too salty for use. A flow of fresh water was reported at 360 feet
apparently from Dakota sandstone, and it is claimed that rock sali
was penetrated. This well was mainly in the Permian shales.®

Analysis 1, Table 81, shows a hard calcic alkaline water. Analysis
2 exhibits a highly mineralized water from the Dakota sandstone.
Analysis 3 is a test of a calcic sodic saline water.

The most satisfactory water shown by the assays is that of the
spring that supplies Bunker Hill. The water has decided perma-
nent hardness, but otherwise i1s very acceptable. Assay 2 denotes the
softest water of the series of assays. Assays 3 and 4 are tests o
waters of wells in the Dakota sandstone and indicate by the higl
sulphates and chlorides that these waters are derived from the
gypsiferous and saliferous shales at the top of the formation. Assas
5 shows the quality of water of a shallow well in the valley of Wol
Creek, a tributary of Saline River, to be very hard. Assay 6 indicates
the quality of the averags shallow well of Russell, where the problen
of obtaining good soft water has not been solved. Assay 7 is a tes
of a very hard water from a spring situated at the edge of Saline
River and which it has been proposed to pipe into Russell for ¢
public supply.

TasLe 81.—Analyses and assays of underground waters fromi Russell County.

{Parts per million.]

- g |
2| = |32 |3
S = <1 'g-ct R ) ER
= S e = ~ |2 o Lo
No. Source. 3 Analyst. = 2 E « 213 ©F
= CIElE|l B EE JE| s |8 =%
= N =1 == e g B =
= S| g T 5; =@ = = 1<} +
z =213 & t2 8132 |°
<) SRR N S S|l@ | O |&
ANALYSES.
1 | Dorrance, well 300 feet | ¢0, Union PacificR.R.| 171.4/108) 0.0 32 136] 76| 22| 39
east of station of Union .
Pacific R. R.
2 | Fay, flowing welld of Mr. ] (Na) 4.921
Kellogg. bF e 1 N q21] 7. T. Willard.... .. 171\282 { 1 §9}405|2,066 6,742 14, 62
T.12 8., R. 15 W.
3 | Gorham, “ell ............ J 43| Union PaciﬁcR.R.‘ 18}7.7124 11 94 133I 214 84‘ 68!
| .

a Abstracted from Prof. Paper U. 8. Geol. Survey No. 32, 1305, p. 315.
b Derived trom Dakota sandsione.
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TABLE 81.— Analyses and assays of underground waters from Russell County—Continued.

Iron |, Car- Bicar- | Sul- | Chlo-
(Fe). bonate | bonate | phate | rine
(CO3). | (HCO3).| (S04). | (Cl).

170.  Date. Source. | 1(){;-5)!1

ASSAYS. !
. 1907. |
L | Sept. 17 Bunker Hill, city supply spring from

i sandstone 23 miles south of city, sec.

. 18, T.148,R. 13 W 0.0 300 il 44
2| . .do....' BunkerHlll ‘well of C. E. L

| 14 T. 65, R.12W.a .0 45 Tr 29
G |...do..... Bunker Hill, well of C'.

14, T.68.,R.12W.0 . .0 312 150 260
4 [ ..do..... ' Bunker Hlll well of A. H. Shaffer ¢ 265  Tr. .0 462 4046 1,637
5 | Sept. 9 | Lucas, city Watetworks well............ 30 .0 .0 386 108 ! 250

1908,
G| Sept. 18 ‘ Russell, well at livery stable of . . '
Winfield . 25 0 0 33 256 245

7l..do.. .. I Russell, spring at edge of Saline River,

I 4miles due north of Russelld ........"........ .0 .0 277 173 34

e Water was encountered al 15 feet and is probably of very local origin.

U Water discovered at 221 feet and is derived from Dakota sandstone.

¢ Put down in 1905, Is 80 rods northwest of Lindsay well and, like it, comes from the Dakola sandstone.
V' "ater rose 40 feet in well.

d Proposed public supply for Russell.

SALINE COUNTY.

Saline County is underlain by Permian rocks, which are in places
cverlain by the eastern edge of the Dakota sandstone, which has been
¢ eroded that peninsular-like extensions project out into the county
cv detached isolated masses cover considerable arsas. The Permian
rarely furnishes soft water, and so the chief hope of finding any must
I's in locating wells in the Dakota sandstone below the gypsiferous
and saliferous shales at the top of that formation.

But few tests of the waters of Saline County have been made and
these are all analyses of well waters in fluviatile material at Salina
(Table 82). All of these are very hard calcic alkaline waters.

T783G°—wsp 273—11——12



QUALITY OF THE WATER SUPPLIES OF KANSAS.

178

POV HROPT HE0IS

‘SESURY] O A1ISISATU[) 3} JO SILIO)BIONE] 9Y] 18 9PRN ¢

‘R=[V 2 ~daap 193] 6¢ YoBd ‘YT PIe ‘Cf ‘F1 ‘€T SON ‘S[[om duimop § £ pa} [(om 31q 9<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>