
ARTESIAN WELLS. 

BY O. ST, JOHN, 

GEOLOGIST OF T H E BOARD. 

As is generally understood, in order to secure artesian or flowing water, certain sim
ple conditions are necessary, viz.: The existence of a porous or pervious stratum included 
between compact or impervious strata, the whole so disposed or inclined that the source 
whence the pervious stratum receives its supply of water shall be at a higher level than 
the surface at the point where it is desired to tap the subterranean stream by means of 
boring; in other words, gravitation determines the flow of the water along the inclined 
plane of the permeable stratum, while the including impervious strata furnish the re
quirements of hydrostatic pressure necessary in order to force the water to the surface. 
Where the conditions exist in their simplest manifestation, as in a valley from which 
the water-bearing stratum rises into surrounding heights where it receives the moisture 
precipitated from the clouds, the least uncertainty attends the search for flowing wells. 
In California extensive valley basins are thus provided with abundance of water for the 
purposes of irrigation. In other regions, where the local surface features oflTer the least 
encouragepent for the drilling of Artesian wells, geology |ias suggested the practicabil
ity of reaching subterranean reservoirs aflTording a b u i ^ n t supply of water. To the 
latter class belong the deep wells which have been drilled at many places in the valley 
of the upper Mississippi, in the States of Missouri, Illinois, Wisconsin, and Iowa. 

It is necessary for the intelligent discussion of the theoretical and practical questions 
involved in connection with the subject of Artesian wells, that at least an accurate 
general knowledge should be acquired of the topographical features and geological struc
ture not only of the region in which it is designed to institute practical experiments, but 
of adjacent regions, the structural relations of which may in any way have influence on 
the subterranean water supply in the former quarter. To meet the requirements alluded 
to, a brief account of the geological structure of Kansas, and its relations to that of 
neighboring States, is here presented. 

The State of Kansas extends westward from the Missouri river a distance of about 
400 miles, with a breadth north and south of about 200 miles. Its surface is undulating^ 
with a gradual ascent from east to west, which gradually increases in steepness on near-
ing the western boundary, where an altitude of about 4,000 feet is attained. Between 
the extreme east and west there is a variation in altitude of about 3,250 feet, but so 
gradual is the declivity as scarcely to attract attention in traversing it. In accordance 
with the general slope of the land, the principal streams have an easterly course.- In 
the southeast, important tributaries of the Arkansas are swerved from this course by 
proximity to the Ozark highlands, and the Arkansas itself was deflected to a southerly 
course by the presence in its path of a much less formidable barrier, the Flint Hills. 
Although there are no mountain elevations, there exists considerable diversity of surface 
configuration, which is chiefly due to erosion. 

The following table exhibits in a general way the order of sequence and the relatione 
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Post-Tertiary. 

Tertiary. 

' 

' 

Carboniferous: < 

Devonian. 
Silurian. 

Quaternary. 

Post-Cretaceous: 

Cretaceous: •< 

Jurassic. 
^ Triassic. 

Upper Carboniferous: 

Lower Carboniferous: 

Laramie. 
' Fox Hills. 

Colorado. 
Niobrara. 
Benton. 

^ Dakota. 

Upper Coal-measures 
Lower Coal-measures 
Chester. 
St. Louis. 
Warsaw. 
Keokuk. 
Burlington. 
Kinderhook. 

of the various geological formations occujrring in the central continental region, to which 
allusion will be made in the following pages. 

TABLE OF GEOLOGICAL FORMATIONS. 

o 
O 

ARCH^AN. 

The sedimentary formations in the region embracing Kansas do not all remain to-day 
in their original horizontal position. At, perhaps, various and remote intervals they 
have been involved in disturbances which have caused them to assume in this region 
the condition of a broad shallow sag, the axis of which may be near the center of the 
State. The eastern and western rims of the depression are situated beyond the limits of 
the State, conforming in part to the Ozark Hills and the eastern foot of the Rocky Moun
tains, respectively. 

In the extreme southeast part of Kansas occurs a limited area of only a few square 
miles extent, over which rocks of the age of the Lower Carboniferous period appear at the 
surface. They consist chiefly of chert and cherty limestones, with sandstone in the lower 
part, comprising a thickness of about 475 feet, and which in this region are noted for the 
prevalence of extensive bodies of the ores of lead and zinc. These deposits, which con
stitute the earliest member of the geological series exposed to view in the State, gently 
rise to the eastward, with some minor undulations, and culminate in the crest of the 
Ozark Hills one hundred miles or so from our southeast border, where they have at
tained an altitude of about 1,700 feet above tide-water.^ In the latter quarter, according 
to the reports of the geological survey of Missouri,! the mountain mass is made up of an 
exposed thickness of about 400 feet of Silurian strata, bearing a series of limestone, sand
stone, .and chert deposits, belonging to earlier members of the Lower Carboniferous series, 
which represent a thickness of about 100 feet in the summit of the highlands. The Silu
rian formations of this region comprise an alternating series of heavy magnesian limestone 
and sandstone deposits, aggregating 600 feet or more in thickness. They are represented 
to have a northerly and westerly inclination off the crest of a broad, low, anticlinal fold, 
into which the strata are arched over the highland belt included in the Ozark Hills. 
That this is the position of the strata over the west flank of the Ozark uplift, is demon
strated by the results of deep borings along our southeast border, where all these mem
bers are encountered at levels several hundred feet below their outcrop in the former 
region. 

*As determined from grade profiles of the line of the Kansas City, Springfield & Memphis Railroad, 
kindly furnished by Geo. H. Nettleton, Esq., Vice President and General Manager. 

t Missouri Geol. Surv. 1855-71 (1873); Ozark and Wright counties, by Dr. B. F. Shumard. 
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Besting immediately upon the Lower Carboniferous and extending westward over 
more than a third the area of the State, is a heavy series of deposits belonging to the 
age of the Upper Carboniferous or Coal-measure period. I t consists mainly of shales, 
sandstones and limestones, including several distinct horizons of coal, and reaches a total 
thickness of about 2,700 feet. Aside from a few subordinate undulations, the entire series 
,has a general westerly inclination throughout the extent of its exposure, the rate of dip 
gradually diminishing in passing from east to west against the general declivity of the 
^surface. The western limits of the series where it disappears beneath the superimposed 
Mesozoic formations, conforms to an irregular line that crosses the State in a west-of-
south direction a little to the east of the center. In this quarter occurs a heavy devel
opment of variously colored drab and red shales, including heavy beds of gypsum and 
occasional limestone strata, and also saline horizons, which from the fact of their appar
ent conformity to well-determined underlying beds, are regarded as belonging to the 
Carboniferous, of which they constitute the uppermost deposits. 

The Mesozoic series, which comprises the surface rocks over an extensive area in the 
•central portion of the State and along the principal valley depressions extends to the 
western border, is recognized in at least three formations of the Cretaceous period, which 
are of variable lithological aspect both as regards their component structure and as com
pared one with the other. The earlier member of the series, the Dakota, which rests 
upon the unevenly eroded surface of the subjacent gypsiferous deposits referable to the 
Carboniferous, is made up of alternating beds of arenaceous shales and sandstones, the 
prevalent colors of which are blue, gray, red, and deep brown. These beds, if the identity 
of the deposits reported in the Russell boring be correctly interpreted, attain a thickness 
in this quarter of 300 feet, approximately. Its erosion, besides certain fantastic effects 
in the scenery of the highlands in the region of its outcrop, has produced a warm, loamy 
:soil which overspreads considerable areas, based upon the underlying gypsiferous shales 
above, alluded to. West of the Dakota, successively occurs the conformable series of 
•deposits representing both the Benton and Niobrara epochs of the same period. The 
Benton is composed largely of shales, including minor limestone layers below and a 
heavy ledge at the top, the whole reaching a thickness probably equal to if not exceed
ing that of the Dakota. The superimposed Niobrara is principally made up of shales 
intermingled with more or less siliceous and calcareous matter and chalky limestones 
below, and dark shales above. These deposits extend along the Smoky Hill valley from 
a point near Ellis to the western border of the State, a distance of above 100 miles; but 
as little attention has thus far been given to the study of the details of their stratigraphy 
and physical condition, it is impossible to form an accurate estimate of their aggregate 
thickness. However, the deposits which are at present included under the somewhat 
vague designation of Niobrara are supposed to attain a thickness of at least several 
Jiundred feet in this region. 

As has already been stated, the erosion of the Upper Carboniferous deposits, prior to 
the deposition of the earliest member of the Cretaceous, has produced even marked non
conformity between these two great series of strata. This is well shown in Dickinson 
and Saline counties, where the variation in level of the base of the Dakota within com
paratively short distances, probably amounts to 100 feet or more. As regards the actual 
condition of the latter strata, while there are not wanting the appearances of perceptible 
westerly inclination at many localities in this border region of the formation, a study of 
the confessedly meager stratigraphical data in connection with the surface reliefs or 
profiles of the country, reveals evidence of their nearly horizontal position. West of 
the Dakota belt the same appearances recur in connection with the strata of the Benton 
^nd Niobrara formation; but if the Benton beds are assumed'^to attain no greater thick
ness than 400 feet in this region, a comparison of the actual levels of the top and base 
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of the formation at its west and east exposed limits, respectively, indicates an easterly 
inclination equivalent to between two and three feet to the mile. In accordance with 
the above assumption, without accounting for a possible augmentation of the rate of in
clination of the superimposed formation lying to the westward, allows for the strata 
included under the Niobrara between its eastern border and the west line of the State a 
thickness of between 800 and 900 feet. The condition of these formations, as relates to 
their lithologic composition, relative position and inclination, has important bearing on 
the question under discussion. 

Over extensive areas of both upland and valley in the western portion of the State is 
found a varied series of deposits referable to the Tertiary age. They consibt of variegated 
and more or less arenaceous and calcareous clays, loosely compacted and firmly cemented 
sands and pebble beds, and limestone deposits. Resting uncomformably upon the Creta
ceous, and inclined eastwardly, in which direction it gradually becomes attenuated, this 
series probably reaches a thickness of above 200 feet. The outcrop of the gravel beds 
has furnished a large amount of drift-like material, as may be seen in the valley slopes 
all the way from the Republican to the Cimarron. I t extends into Colorado and Ne
braska, and is the source of many springs and rivulets of limpid water. 

In the northeast portion of the State, in the region of the Quaternary glacial depos
its, more or less extensive accumulations of gravel exist, which everywhere afford water 
for ordinary wells. 

I t remains briefly to notice the lithological features of the great series of sedimentary 
formations above alluded to, in the region of the western border rim, where it has been 
flexed up against the eastern foot of the Rocky Mountains, and laid bare by erosive agen
cies for hundreds of miles. The history of this great series as it exists in the latter quar
ter, has been fully presented in the reports of the United States Geological Survey of the 
Territories; and its bearing on the question of artesian water supply in the region of the 
great plains has later been ably discussed by Dr. White and Professor Aughey, special 
commissioners appointed to investigate this subject.* 

The actual condition of the Palseozoic formations in the mid-plains region where they 
are deeply buried beneath the heavy series of Mesozoic formations occurring in that 
quarter, is of course conjectural; but in regard to the various members of the latter 
series, the valley exposure and experimental artesian borings give more certain clews,, 
both as to their presence and general character. In the border rim, however, the whole 
great series is brought to view, showing the various formations more or less steeply 
tilted or inclined eastward off the foot of the mountains. The Palaeozoic series is rep
resented mostly by a few hundred feet thickness of Silurian and Carboniferous lime
stones, which are here limited to isolated patches amongst the foothills. Farther south^ 
in the vicinity of the Spanish Peaks, a much more extensive area is occupied by heavy 
deposits of sandstone, which have been identified with the Carboniferous. 

But the most important members of the sedimentary series in this relation are the 
Mesozoic formations, which present almost uninterrupted outci'op along the foot of the 
mountains. They present the following order of sequence and lithological characters: 
The earliest member, the Trias, is composed mainly of sandstones, varying in thickness 
from 1,500 to 2,000 feet, and which, from their prevalent color, are often denominated 
the " red beds." The Jura consists of clay shales, more or less arenaceous, including im
pure limestone layers, and attains a thickness of 400 to 800 feet. Owing to the soft na
ture of the deposits, this formation usually occupies a narrow trough, separating the 
preceding from the Dakota or oldest member of the Cretaceous series. The Dakota is 
chiefly made up of more or less coarse sandstone strata, with some clayey beds, generally 
less compact than the Triassic sandstones, and reaches a thickness of from 250 to 400 feet-

•Artesian Wells upon the Great plains. Dept. Agriculture: Washington, 1882. 
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Overlying the Dakota, occurs a thickness of 800 to 1,000 feet of Colorado shales, includ
ing regularly bedded limestone layers above, and which in this quarter occupy a strati-
graphical position corresponding to that of the Benton and Niobrara formations of 
western-central Kansas. The Fox Hills formation consists of more or less arenaceous 
clayey deposits, with some sandstone below, the thickness of which is estimated at from 
1,200 to 1,500 feet. While the three earlier of the formations above enumerated have 
a limited area of exposure, being with few exceptions restricted to a narrow belt, averag
ing perhaps less than two miles in width, immediately along the foot of the mountains, 
where they are abruptly flexed up into prominent hog-back ridges, the less firm over
lying formations have much more extensive exposure, both adjacent to the mountains, 
where they are also more or less steeply upraised, and in the great valley depressions of 
the South Platte and Arkansas, where the strata have a more uniform and gentle east
erly inclination. 

The extensive series of Post-Cretaceous or Laramie deposits is represented as having 
wide distribution in the watersheds reaching eastward from the mountains between the 
principal drainage depressions that traverse the great plains. I t consists of shales, arena
ceous beds, and sandstone, including important deposits of coal, and attains a maximum 
thickness of about 1,000 feet; but over far the larger part of the area it has been greatly 
reduced in thickness by erosion, and the eastern limits of the formation are concealed 
from view by later deposits belonging to the Tertiary. The latter in the vicinity of the 
mountains are said to vary from 200 to 1,400 feet in thickness, and are composed of more 
or less friable sandstones, conglomerate and sandy shales, and which are represented as 
occupying the higher portions of the water-divides, with an easterly inclination some
what less than that of the general slope of the country in that direction. The exact re
lation of the latter deposits to those of similar age known to occur over extensive areas 
in western Kansas has not been clearly determined. 

Although the Palaeozoic formations are somewhat diminished in vertical extent in 
the western border region, they may reasonably be supposed to represent the direct or 
uninterrupted westward extension of the series which is extensively exposed over the 
flanks of the Ozark uplift in the east; but owing to their comparatively limited and 
isolated occurrence in the former region, they are not deemed of importance as probable 
sources of artesian water in the plains region of western Kansas. In the eastern portion 
of the district, however, these formations are known to be water-bearing, receiving their 
supplies over the region where the lowest members are brought to view in the broad low 
arch of the Ozark Hills. Notwithstanding the major thickness of the Silurian deposits 
in this region is composed of limestones, these strata are so rent by crevices as to afibrd 
nearly as ready passage to the water that percolates to them from the surface as do the 
lesser but more porous sandstone horizons with which they are interbedded. The same 
physical characteristics obtain to a greater or less degree in the overlying Lower Carbon
iferous limestones, which are seamed by fissures and water-charged crevices. But while 
this condition renders these otherwise impervious strata water-bearing, its prevalence 
also has the effect of arresting the upward flow of deeper-seated waters, which might 
otherwise reach the surface by allowing them innumerable lateral escapes through the 
fissured limestones. That this is actually the condition of things, is shown by the results 
of certain experimental borings located in the southeast portion of the State. 

At Pittsburg, in Crawford county, an artesian boring was undertaken during the season 
of 1883, for the purpose of securing a water supply for the uses of the town. Pitts
burg is located on a gently undulating prairie in the midst of the Lower Coal-measures, 
and has an altitude of about 950 feet. The boring reached a depth of 1,206 feet, encoun-
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tering the following geological formations, according to the report of O. T. Boaz, Esq., 
and Mr. C. B. Swan: 

Section of Artesian boring at Pittsburg, Kansas, Feet. 

1. Lower Coal-measures: Consisting of clayey and sandy shales, including coal 255 
2. Lower Carboniferous: Consisting of white chert 60 

Blue cherty limestone, Keokuk and Burlington (?) 300 
Sandstone, abundance of water, "Vermicular." 50 
Soft gray limestone, representing the "li thographic limestone" of southwest Missouri 60 

3. Lower Silurian: 
Sharp sandstone, " saccharoidal" of Missouri 10 
Limestone, five feet of black chert midway, comparable to " second-magnesian " limestone of 

Missouri 187 
White sandstone, charged with water 35 
Magnesian limestone 105 
Sharp sandstone 6 
Soft gray limestone 89 
White magnesian limestone 50 

Total 1,206 

The geological section revealed in the Pittsburg boring furnished unmistakable evi
dence of the marked lithological resemblance of the various formations here developed 
to those that successively come to view over the upraised belt of the Ozark highlands, 
in southwestern Missouri. The magnesian limestone series, with its associated sandstones, 
was penetrated 481 feet, which is less than half the maximum thickness assigned to it in 
Missouri. The principal inflows of water were encountered in passing through the ac
companying sandstone deposits. Where the lowermost water-bearing horizon gains the 
surface in Wright county, Missouri, it occupies a level about 400 feet higher than Pitts
burg, indicating a westerly inclination of the strata equal to about 1,350 feet in a distance 
of little more than 100 miles. Were the other conditions favorable it is not improbable 
a flowing well might have been obtained. The capacity of the well is estimated at 100 
gallons per minute, the water standing at a depth of 110 feet from the surface. The 
water, which is charged with mineral matter, is pumped into elevated tanks, whence it 
is distributed in pipes throughout the town. 

At Girard, some 10 miles northwest of Pittsburg, the corporation authorized a simi
lar experimental boring, which was successfully completed in 1880. Girard is located 
on the summit of the divide between the drainage of Spring and Neosho rivers, at an 
altitude of about 1,000 feet above the sea. Through the favor of Mayor John Tontz 
and Col. C. G. Hawley, a record of th« strata passed through in the process of drilling 
the well was secured, which furnishes the subjoined data in relation to the geological 
horizon in which the water was found: 

Section of Artesian boring at Girard^ Kansas, Feet, 

1. Lower Coal-measures: Comprising limestones, shales, and sandstone 500 
2. Lower Carboniferous: Consisting of white flint ^^ 

Cherty limestone, alternating with layers of white, gray, and black chert, including the ore-
bearing Keokuk formation 1^^ 

Green shales ^^ 
Arenaceous limestone, representing the inferior members of the L. Carb 20 

3. Lower Silurian: Including magnesian limestone ^^ 
Sandstone, penetrated -̂̂  

Total — 857 

The augmented thickness of Lower Coal-measures developed at the above locality, 
which is nearly double that encountered in the Pittsburg well, is due mainly to acces
sions of strata brought in by the marked westerly dip of these deposits, which amounts 
to 200 to 240 feet in the interval separating the above localities. On the other hand. 
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the diminution in thickness of the Lower Carboniferous may in part be ascribed to the 
erosive action to which these strata were subjected prior to the deposition of the more or 
lessuncomformable superimposed Coal-measures. The main water supply was reached in 
the lower magnesian limestone and sandstone, which probably represents the upper hori
zon of the great magnesium limestone series of southern Missouri. The latter strata 
were found to be excessively fissured and permeated with water impregnated with 
mineral matter, which, however, does not materially affect its use for ordinary domestic 
and other purposes.* Although the Girard enterprise failed to secure a flowing well, 
an abundant supply of water was obtained, which rises to within about 160 feet of the 
surface. I t is raised into an elevated tank in Court House Park in the business center 
of the town, where it is conveniently accessible in emergencies of fire. The cost of the 
well, together with its appurtenances, is stated at bet\^een §7,000 and §8,000, and its prof
itableness as a public investment has amply justified the wisdom of the projectors. 

With the possible exception of the boring recently made at Fort Scott, which reported 
a flow of 8,000 gallons per diem, of sulphur water accompanied by gas, from a depth of 
625 feet, none of the experimental deep borings for water, coal, gas, etc., which have 
been put down in various parts of the State in past years, have penetrated the earth's 
crust to the water-bearing horizons of the great magnesian limestone series which were 
tapped by the Girard and -Pittsburg wells. Indeed, few of these wells penetrate so 
deep as the Lower Carboniferous cherty limestones, and with the exception of those oc
currences accompanied by gaseous emissions, as in the instance of,the lola well, none of 
them produce a flow of water at the surface, while the latter instances are not to be 
strictly classed as Artesian wells. One of the deepest, geologically, of this class of wells, 
is that reported by G. C. Broadhead, Esq.,t at Kansas City, which at a depth of 745 feet 
encountered a '* vitreous" limestone, which was penetrated 13 feet, and which possibly 
belongs to the cherty member of the Lower Carboniferous series. AIL the other deep 
wells of southeastern Kansas are wholly confined to the Coal-measure series, although 
the majority of them furnish a fair supply of water. 

To the latter class belong the wells and prospect borings at the localities mentioned 
below, records of which have been furnished this Department. 

At Independence, Montgomery county, a boring for coal reached a depth of 1,091 
feet, in Coal-measure strata. Although several beds of arenaceous shale were passed 
through, no considerable volume of water was met. The water, which is reported to be 
brackish, rises to within about 200 feet of the surface. The Mound Valley boring in La
bette, county, 15 miles east of Independence, reached a depth of 650 feet, with much the 
same results above mentioned. The boring at Burlington, in the Neosho valley, com
mences at a considerably higher horizon in the Coal-measure series, which was penetrated 
600 feet, terminating in heavy limestones, alternating with shales, aggregating nearly 200 
feet. Above the latter occurs above 300 feet of shales with thin layers of limestone. In 
a limestone stratum 20 feet thick, 75 feet from the surface, a considerable volume of water 
was reached, which rises to within 20 feet of the surface. Garnett, Anderson county, 
is located on the divide between the Neosho and Marais des Cygnes, 25 miles to the east
ward of Burlington. A boring for coal in the vicinity of the town reached a depth of 
550 feet, .encountering heavy deposits of shale and limestone, and developing a sapply 
of water similar to that met with in the Burlington boring. 

*The following analysis, by Dr. 0. G. Gilbert, published in the "Girard Life Boat," April, 1883, p. 9, 
purports to give the mineral constituents of the water of the Girard well: 

Grains per imperial gallon of 70,Ono grains: Sulphate of potassium, 1.031 gr.; s^\PJ^^^VfX*i^ 
6.673 gr.; chloride of sodium, 95.706 gr.; carbonate of sodium, 10.528 gr.; bicarbonate of magnesm^^ 
17.360 gr.; bicarb, of calcium/30.033 gr.; bicarb, of protoxide of iron, 1.197 gr.; silica, 1.190 gr. Specihc 
gravity of water at 60° Fah., 1.001618. 

tReport Missouri Geol. Surv., 1873, p. 86. 
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In the absence of other inforrnation than that conveyed in the foregoing statement, 
and a knowledge of the stratigraphic position of the rocks at that locality, it is probable 
that the mineral water and gas reported in the Fort Scott boring* come from the horizon 
of the Lower Carboniferous. The mineral-water and gas well at lola, Allen county, of 
which a valuable account, together with a suite of the diamond-drill cores, was furnished 
by Col. Akers, is one of the most interesting of its class. The well is drilled entirely in 
the Coal-measure series, reaching a depth of 735 feet. At 626 feet from the surface, on 
penetrating a bed of black carbonaceous shale, a crevice 20 inches deep was encountered, 
from which a considerable volume of water was forcibly expelled at the mouth of the 
weir by the agency of gas. The flow, which is said to have slightly increased to about 
100 barrels daily, is accompanied by irregular pulsations by the discharge of light car-
buretted hydrogen gas. The water has a uniform temperature of 61° Fahr., and is 
claimed to possess remedial properties. The volume of gas expelled, it is said, has in
creased from 5,000 to near 10,000 cubic feet per diem, and is utilized for heating and 
illuminating purposes. According to the analyses of the late Professor William K. 
Kedzief the water was found to contain the following mineral constituents: 

" Specific gravity, 1.0138; total mineral matter to the imperial gallon, 1100.081 grains; 
carbonic acid gas, 145.881 cubic inches. 

Sodium chloride 971.506 grains 
Potassium chloride 17.909 grains 
Magnesium chloride 7.305 grains 
Sodium bi-carbonate 8.158 grains 
Calcium bi-carbonate 60.687 grains 
Magnesium bi-carbonate 25.485 grains 
Iron bi-carbonate 3.925 grains 
Silica 602 grains 
Sodium iodide Distinct traces 
Sodium bromide Abund't traces 
Organic matter 2.000 grains 
Suspended matter 2.500 grains 

On exposure to the air a sediment is deposited which represents a portion of the min
eral matters held in solution by the free carbonic acid with which the water is charged. 

*According to information kindly communicated by Hon* Eugene F. Ware, in reference to the 
prospect boring recently completed at Fort Scott, it is evident the well penetrates deep into the Lower 
Carboniferous cherty limestones, as above surmised. The section shows 343 feet of Coal-measure strata— 
shales, sandstone, limestone, and coal—the remaining 278 feet consisting of flint and cherty limestone 
of the Lower Carboniferous. In the upper part of the latter a 14-inch crevice furnished an inflow of salt 
water which rose nearly to the surface, and at 610 feet a stronger inflow was reached, accompanied by 
a pressure sufl&cient to force the water five feet above the surface at the mouth of the well, whence it 
flows at the rate of about 10,000 gallons per day. The following is an analysis of the water, " estimated 
n grains per U. S. gallon of 231 cubic inches. 

Hydro-sulphide of sodium 188 
Chloride of sodium 79.471 
Biborate of soda (borax) %. 2.204 
Chloride of potassium .' trace 
Chloride of lithium trace 
Chloride of magnesium 7.987 
Chloride of calcmm 787 
Sulphate of lime 829 
Sulphate of soda trace 
Bicarbonate of lime 14.238 
Bicarbonate of magnesia 305 
Bicarbonate of iron i 1.006 
Silica 951 
Organic matter 1.166 

Total solid matter 109.132 
Sulphuretted hydrogen gas trace 
Carbonic acid gas trace 

Temperature of water, 67^°." 

t Transactions Kansas Academy of Science, vol. VI, p. 59, 
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Near Somerset and at Louisburg^, in Miami county, very similar occurrences were 
encountered, of which an account has been furnished by Mr. J . J . Werner. At both lo
calities certain sandstone and shale beds charged with bitumen are reported, also inflows 
of saline water. But the most interesting feature in connection with the wells, besides 
the information they furnish of the character of the transition beds between the lower 
and upper members of the Coal-measure series, is the natural gas reservoirs developed. 
The latter are apparently encountered at difierent horizons at either locality, and neither 
of them corresponds to that reached in the lola well, which evidently lies deeper in the 
series. At both localities the gas has accumulated in a rather heavy ledge of sandstone 
included between shales, and remote from coal, at the former locality lying at a depth 
of about 330 feet, and at Louisburg little less than 100 feet nearer the surface. At the 
'Louisburg well, the upper portion of the sandstone, which is 30 feet thick, is charged 
with bitumen, the gas springing from the lower portion; but at Somerset the gas comes 
from a grayish sandstone, 35 feet thick. The two borings that were made at the latter 
locality developed apparently the same source of gas supply. In neither case has the 
volume of gas been measured, although the supply from the Louisburg well is used in 
heating and lighting, the product being even of superior quality to that of the lola well 
in its natural condition for illuminating purposes. The volume, however, must be con
siderable. The escaping gas from one of the Somerset wells was ignited, rising in a 
brilliant flame to a height of twelve or fifteen feet, which has burned for a couple of 
years or more without apparent diminution in intensity. 

The boring for coal at Paola encountered similar though more feeble gas and salt
water veins, and at a depth of 505 feet, on penetrating a black shale, a large volume of 
fresh water was reached, which rose to within fifteen feet of the surface. The Wyan
dotte boring, which was prosecuted to the depth of 500 feet in the hope of finding petro
leum, developed a large volume of gas, which was reported to furnish 20,000 cubic feet 
per diem. At Atchison, Mr. Swan is at the present time engaged in drilling /or coal, 
but has thus far met with no remarkable occurrences within a depth of between 300 and 
400 feet. The drilled well at Alma, in Wabaunsee county, reached a depth of 585 feet. 
At depths of 174 and 378 feet, inflows of strong brines occurred, from which the manu-
fi^cture of salt was carried on for a time. In the valley of the Smoky Hill, near Solo
mon City, shallower borings, 80 to 100 feet, obtain abundant supplies of saline water, 
which is here extensively converted by solar evaporation into an excellent ^quality of 
salt. At Council Grove, Morris county, and Peabody, on the line of the Atchison, To-
peka & Santa F^ Eailroad, experimental borings have been made in search of coal, that 
at the latter place reaching a depth of 707 feet, the results of which have not been re
ported. But near Wichita, in the Arkansas valley, a boring 1,027 feet in depth pene
trates the upper measures of the Upper Carboniferous series, meeting a limited inflow of 
strong brine in a thin stratum of green sand 802 feet from the surface. 

Hundreds of shallower borings have been made in the eastern portion of the State, 
chiefly to secure water for domestic and stock purposes. For the latter purposes abun
dant supply of excellent water is accessible almost everywhere, often being met with on 
reaching horizons of black shales which are of frequent occurrence throughout the Coal-
measures. Often these subterranean waters are impregnated with mineral substances, 
rarely, however, to the extent of rendering them unfit for use; and sometimes strong 
brines are encountered, as in the wells at Alma, Solomon City, Wichita, etc. 

In central Kansas, therefore, such practical tests as have been made are confined 
within the geological limits of the upper or Carboniferous member of the great Palaeozoic 
series of formations, which evidently derives its water supply from the eastern region 
where the edges of these strata appear at the surface; and the further west wells are 
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located, the greater the altitude and consequently improbability of securing Artesian 
water from this source. Whether the conditions are more favorable in connection with 
the lower or Silurian member of the series as regards a possible flow of subterranean, 
water from the mountains, remains to be demonstrated; but so far as relates to the waters-
derived from the eastern border region, the same insuperable obstacle, altitude, is here 
encountered to prevent the rise of water to the surface, as observed in relation to the 
water-bearing strata of the Carboniferous member. 

In the region of western Kansas, which is occupied by the Mesozoic series and a 
mantle of later deposits belonging to the Tertiary age, it is probable, as has been pre
viously stated, that the western slope of the shallow synclinal depression of the sedi
mentary series is soon gained, where the strata gently rise to the westward. The 
Mesozoic includes those formations which are supposed to be distinctively water-bearing,, 
namely, the Triassic and Dakota sandstones, and, theoretically, these might be presumed 
under favorable conditions, to carry water from the mountains, where their upturned 
edges are exposed to the influence of a comparatively humid climate, into the region of 
the great plains. That this is the case to a certain extent, is shown by the successful 
borings in the vicinity of Pueblo and Denver, Colorado. But such experimental test^ 
as have been made in the plains remote from the mountains have thus far failed to 
develop subterranean sources of permanent flowing ,water in this region. 

Near Fort Lyon, in the valley of the Arkansas, some 70 miles from the western bor
der of Kansas, the Government caused a boring for water to be made, which, however^ 
was abandoned in 1881. The well reached a depth of 719 feet, encountering, according 
to Commissioners White and Aughey, the following formations: 

Section of Artesian boring near Fort Lyon, Colorado. Feet, 
Colorado shales 100 
Dakota sandstone 300 
Jurassic 250 
Triassic, penetrated 69 

Total 719 

At the depth of 430 feet a slight flow of water, three gallons per hour, was reported, 
but soon ceased, which comes from the upper part of the Jurassic formation—neither 
the Dakota nor Trias contributing to the flow. In the opinion of the commissioners, the 
locality is unfavorably situated for a fair test, as the strata are said to be arched into a 
low dome in this vicinity, from which they incline in all directions. 

About 70 miles to the northeast of Fort Lyon, at Cheyenne Wells, Colorado, a deep 
boring was recently undertaken, also under the auspices of the Government, of which an 
interesting account has been furnished this ofiice by Mr. F . A. Nitchy, of the land de
partment of the Union Pacific Railway Company. The surface at this locality has an 
altitude of 4,295 feet. On reaching a depth of 1,770 feet from the surface, the four-inch 
casing shoe was lost, and further work suspended. The boring exhibits the following 
section: 

Section of Artesian boring at Cheyenne Wells, Feet, 
1. Surface clays 30 
2. Chalky rock 30 
3. Gravelly clay 50 
4. White sandy clay —.. 20 
5. Soft white sand ^ 15 
6. White sandy clay 40 
7. Soft sand, alternating with clay 80 
8. Soft white clay 20 
9. Soft black shale 319 

10, Soft white arenaceous shales, with gas veins at 610 and 640 feet 726 
11. Chalk rock, slight inflow of brackish water near base 70 
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12. Fine sand 30 
13. Soft black shale 100 
14. Soft white calcareous (?) rock 50 
15. Black shale 190 

Total 1,770 

The boring doubtless penetrates to the chalky beds of the Cretaceous series, which are 
here encountered at a depth of 1,330 feet, or near 550 feet above the level of the outcrop 
of' the chalk beds in the vicinity of Wakeeney, Kansas, 140 miles to the east. The strat
igraphical identity of the overlying white arenaceous and black shales, representing a 
thickness of 1,045 feet, is not so clear; but there can be little doubt that the uppermost 
285 feet, consisting mainly of sands and sandy clays with a calcareous bed near the top^ 
belong to the Tertiary series, which occupies extensive areas in western Kansas. Well 
toward the base of the latter series, at a depth of 257 feet a copious stream of water was 
reached, but below this no water is reported, except a small inflow of brackish water at 
the base of the chalky bed, at a depth of 1,400 feet from the surface. 

During the season of 1883, at Kussell, in central Kansas, 200 miles east of Cheyenne 
Wells, the corporation ordered the drilling for Artesian water, which was prosecuted to 
the depth of 977 feet, when the work was discontinued without having gained favorable 
results. Eussell is situated on the summit of the undulating upland between the Smoky 
Hill and Saline rivers, at an altitude of 1,850 feet above tide-water. The following sec
tion, compiled from the careful record kept by Mr. F . E. Jerome, and which was subse
quently published in the Daily Commonwealth, Februafy 24, 1884, shows the character of 
the strata encountered in drilling the well, the identification of the various horizons 
being based upon what is presumed to be in accordance with their stratigraphical rela
tions to formations that outcrop in the country to the east of this locality: 

Section of Artesian boring at Russell^ Kansas, Feet, 
1. Soil, &c.. ^̂  
2. Yellow clay, with thin layers of limestone; gravel and fresh water at hase 25 
3. Dark blue shale, mottled light gray and blue, trace of coal 35 feet above base 104 
4. Gray pyritiferous sandrock, very hard, with vein of fresh water at bottom 15 
5. Friable gray sandrock ^" 
6. Light blue shale ^^ 
7. Dark blue shale, with coal ^ 
8. Light blue shale • ^̂  
9. Light blue arenaceous shale or argillaceous sandstone, with strong inflow of salt 

water at bottom , • •• 
10. Blue, pink, and red shales ^* 
11. Red sandstone with nodules of ferruginous limestone, and veins of "hot water" 

2 feet from top ^^ 
12. Light blue shale ^^ 
13. Light gray sandstone, with ferruginous nodules ^^ 
14. Very hard gray'quartzose rock, including a thin layer of light blue friable sand

stone 5 feet from base "" ^ 
15. Brown sandrock, passing into very hard conglomeratic brown sandstone, with 

vein of salt water at base 
16. Light blue shales, thin layer of gypsum 48 feet from top • 230 
iV. Brick-red clay, "calcareous" "^ 
18. Blood-red arenaceous shale, "marl" ^^ 
19. Light red shale, "paint rock" • ^^ 
20. Impure gray limestone, with "hornstone" ^^ 
21. Dark red and variegated gypsiferous shales, with thin layers of coal 20 feet from 

top and at bottom " 

Total ^̂ "̂  

An unusual degree of interest attaches to the foregoing section, on account of the 
facts it furnishes in relation to the lithological character and thickness of the lower or 
Dakota member of the Cretaceous series in^his region. Numbers 2 and 3 are unques-
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tionably referable to the Benton formation, which here reaches to the depth of 139 feet, 
and which is known to have extensive superficial exposure in the region roundabout. 
The strata Nos. 4-15, inclusive, are believed to belong to the Dakota, which here attains 
a thickness of 296 feet, of which 207. feet consist of sandstone, the whole presenting 
marked contrast to the heavy deposits of shales above and below. Beneath the Dakota 
occurs a series of deposits consisting chiefly of argillaceous material, including in the 
lower part a heavy bed of limestone (No. 20), which was penetrated 542 feet, and which 
bears unmistakable resemblance to the gypsiferous horizon supposed to represent the 
later depositions of the Upper Carboniferous period. If the latter inference proves to 
be well founded, indubitable evidence is furnished by the Kussell well section of the ab
sence in central Kansas of the two earlier formations of the Mesozoic series, viz., the Jura 
and the Trias. According to the determination of the identity of the strata revealed 
in the Fort Lyon well, the Jura at that locality at least, shows a marked diminution in 
thickness as compared to its minimum development along the foot of the mountains, 
and it is safe to anticipate even a greater proportionate thinning of the adjacent Triassic 
deposits in the eastward extension of the latter formation. However this may be, for all 
practical purposes so far as relates to Artesian water supply, the deposits underlying the 
Dakota in the region of western-central Kansas oflfer little encouragement for the hope 
of finding an abundant supply of Artesian water in the latter horizon. At the same 
time, unfortunately, the practical test at Kussell failed to develop strong inflows in 
passing through the Dakota formation, the heavy arenaceous deposits of which might 
reasonably be supposed to offer the most favorable conditions for the conveyance of sub
terranean waters from the distant western border region. 

The water in the Russell well, which was reported of varying temperature at different^ 
depths, is brackish, and rises to within about 235 feet of the surface. I t is very probable 
that on penetrating to some of the more porous arenaceous deposits known to exist at 
various horizons in the middle and lower portions of the Upper Carboniferous series, 
abundance of water might be reached; but the outcrop of the latter strata, in the region 
to the east, where they receive their supplies, scarcely exceeds 1,000 feet altitude, and 
unless reservoirs accompanied by gas, which are believed to be of more or less isolated 
occurrence, were accidentally tapped by the drill, the pressure would be inadequate to 
force the water to the surface in this quarter. In order to reach the water-bearing hori
zons of the Silurian magnesian limestone series, the boring would have to be continued 
probably 2,500 to 3,000 feet; while the same difficulty just referred to would be again 
encountered, unless easterly flows of water from the mountains might exist, which how
ever seems improbable. 

Although the Tertiary deposits of western Kansas aggregate at most only a few hun
dred feet thickness, the porous nature of their component strata, which largely consist of 
arenaceous material, as sandjs and sandy clays, present exceptional facilities for the ab
sorption and storing of moisture, that percolates to them from the surface. As is well 
known, the annual rainfall over the region of the great plains to which the above de
posits are mostly restricted does not exceed 12 or 15 inches for a term of years. Not
withstanding a large part of this moisture is restored to the air by evaporation and 
flowed away through surface-drainage channels, a considerable percentage of the annual 
precipitation probably percolates to the pervious gravelly and sandy strata, in many fa
vorable localities, and is thus distributed widely through these subterranean channels. 
That this is the fact seems to be conclusively demonstrated by the prevalence of copious 
springs which issue from the Tertiary gravel beds at many places along their outcrop in 
the upland slopes and valley-sides. A remarkable example of the latter character occurs 
near Wakeeney, in Trego county, where a fine spring of delicious water flows from the 
gravels overlying the chalk beds that appear in the ravines descending to the Saline. 
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Near Kit Carson, Colorado, on the line of the Kansas Division of the Union Pacific Rail
way, an ordinary well, which is excavated 50 feet into the superficial gravel deposits, 
furnishes abundance of water for all the purposes of the railroad. The streams of north
western Kansas are probably largely fed from spring sources issuing from the Tertiary 
deposits. In the Arkansas valley the same state of things is met with, and also along 
the Cimarron and tributary drainage, in the southwestern portion of the State. 

In the latter region, recent developments have proven the existence of abundant 
supply of fresh water at considerable depth. In the southeast portion of Finney county, 
in the midst of the gently undulating uplands which intervene between the Arkansas 
and the Cimarron, near one of the shallow ponds of the region known as Wild Horse 
lake, distant 20 and 45 miles from either of the above streams respectively, Mr. Maxon 
the past season drilled a well through gritty shales to a sand and pebble stratum 150 
feet below the surface, in which abundance of water was obtained. I t is therefore not 
improbable that water may be obtained in the latter formation within moderate depths 
throughout the region of the elevated plains of western Kansas, whiph will render 
available for grazing purposes every square mile of the thousands here comprising the 
finest stock ranges in the west. 
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INSECTS I ^ U R I O U S TO WHEAT. 

BY PROF. F. H. SNOW, 

O F THE STATE UI^VERSITY, ENTOMOLOGIST TO THE BOARD. 

An accurate knowledge of the insects injurioiIg*SD our most valuable "small grain' ' 
will undoubtedly increase the number of species nowi known to iijfest it. I t was a sur
prise to entomologists as well as fruit growers when Dr. Lintner, the New York State 
Entomologist, presented a list of 176 insects knowiyto commit depredations upon the 
apple tree. A similar surprise will follow a full eiujuneration of the wheat insects. Dr. 
't'itch, writing thirty years ago of the obstacles to/vheat production in New York, makes 
the following statements: " I have the present a^son discovered small flies in abundance 
in every wheat field in my neighborhood. Qm sweeping with a net anywhere among 
growing wheat, a multitude of them will J ^ gathered. They are of several difierent 
kinds. One of these species was so abuaflant the latter part of June that at almost 
every step in any part of our wheat fiel/s a dozen or more of them could be seen. I 
doubt not it is from the number of t h « e and other depredators which abound upon our 
wheat, that we are no longer able to /roduce such crops of this grain as were uniformly 
harvested formerly when our lands were newly cleared. How is it possible for wheat to 
grow with any thriftiness when it is mcessantly assailed by such hosts of these enemies^ 
bleeding it at every pore ?'' Of the abcHje flies, Dr. Fitch names and describes nine species, 
all found upon wheat in wheat fields, exc5j5*mjje which was reared from larvae, crawling 
in immense numbers from unthrashed wheat i n ^ ^ a r n . Of the other eight species noth
ing has been published of their depredations, habitsAor transformations, but we shall not 
probably err in accepting them as serious pests whicl are annually levying no inconsid
erable tax upon our wheat crops. (See Lintner's First Annual Report.) 

I t is true that not all the New York wheat insjfcts have yet reached the borders of 
Kansas. Fortunately our State, by reason of its jfepid settlement and its wide separation 
from the older and most thoroughly insect-riddep States, has hitherto enjoyed a compara
tive immunity from many of the most de s t ruc^e insect pests. But this favorable condi
tion cannot much longer continue. Unless a/igid quarantine be established against those 
species which may be surely kept out by tpis method, and unless vigorous measures are 
enforced for the stamping out of other sjiecies upon their first appearance in any neigh
borhood, our farmers and fruit-groweraf must submit to the inevitable and prepare to 
abandon their preeminent position among the grain-growers and fruit-raisers of America. 

I t is not the purpose of the present* jtm^Vrfo lurjiish an abstract' discussion of wheat 
insects in general, but to briefly consider those speofes which have been most prominent 
in their destructive operations during the yean!n884. Happily the chinch-bug, until 
now the foremost foe of the small-grain produ^r , has not injured the wheat to any con
siderable degree, only two counties reporting its presence in numbers worthy of notice. 
In the Arkansas valley, Reno county repoj^ the crop damaged 10 to 15 per cent., and in 
the southeast, Labette county, 2 per cejft. The abundant rainfall of the year was un
favorable to the excessive multiplicadbn of this insect. Nor has any report been re
ceived of injury from the genuine aftny worm {Leucania unipuncia,) The Fall Army 
Worm, however, an entirely different Spfecies (tk^SLaphygma frugiperda of Abbott and 
Smith), has made its presence felt in several countiea notably in Jefferson, Leavenworth, 
Douglas, and Labette. The weevil is reported as d(ing considerable damage in Stafford, 
Sumner and Cowley counties, especially to wheat jL the stack, and in the private bins 
and granaries of the producers before it is delivei^d to the wholesale buyers at the va
rious shipping points. But the most conspicuou/entomological event of the year 1884 
was the successful entrance within our borders/f the far-famed Hessian Fly. 


