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UNDERGROUND WATERS OF MISSOURI: THEIR
GEOLOGY AND UTILIZATION.

By Epwarp M. SHEPARD.

INTRODUCTION.

With the advance in sanitary science the value and importance of a
pure water supply for towns and cities, as well as for country dis-
tricts, are being each year more strongly emphasized. The rapid set-
tling of the country has made surface waters very liable to contamina-
tion, and the demand for water from deeper sources, less exposed to
organic impurities, is becoming more and more marked.

The rapid growth of Missouri—the 1900 census placing her fifth in
population among the States of the Union—has brought this demand
into particular notice in this-State. Many villages have grown to
towns and are looking for a suitable supply of water, not only for
domestic uses, but .also as a means of protection from ftre. Many
cities have wholly outgrown the capacity of their source of water sup-
ply and need additional or new and larger sources. The largest cities
have constantly to face the increasing contamination of the rivers
from which their water is derived, and the necessity of seeking some
new source has stimulated inquiries for information in regard to
artesian conditions in' the State. In the hope of answering such
inquiries to some extent this report has been prepared.

Those who have studied the subject of artesian wells understand the
difficulties which confront the geologist in attempting to explain or
describe the conditions which govern their distribution. These diffi-
culties are especially apparent in Missouri, as so little has been done
toward elucidating the problems incident to the folding and faulting
of the geologic horizons of this great State. The sinking of deep wells
has been largely confined to the mining districts, and they have been
comparatively few in number, while it is but recently that the devel-
opment of the oil fields of Kansas has stimulated prospecting in the
northern and western parts of Missouri.

]



2 UNDERGROUND WATERS OF MISSOURI.

It is unfortunate that the geologist can not be present to collect for
himself the drillings from deep wells and note the thicknesses of the
strata passed through, since, as a rule, the records are rather negli-
gently kept. Samples of cuttings are carelessly preserved, the labels
are either lost or destroyed, and even the records themselves often
disappear. Little or no attention is paid to the different flows or to
the quality of the water. In some cases these wells are grouped in or
near certain mining localities and in others a considerable distance,
covering several counties, intervenes between them, for which rea-
sons deductions made by the geologist from cross sections based on
well-record data may not be strictly accurate. Fortunately, how-
ever, there are a few wells in Missouri which were drilled under the
careful supervision of geologists, and the writer has been able to
study a number of cases where samples of drillings and an accurate log
have been carefully preserved by intelligent drillers. On the other
hand, the valuable information that might have been given by many
deep wells, drilled at great expense, has been wholly lost. Records

-that would have been of inestimable value to the geologist and the
public have disappeared, and in some cases the well has been aban-
doned. It is to be hoped that in the future not only drillers, but
owners of such wells will see to it that records and samples of drillings
are preserved and that information regarding them is given either to
the State or to the United States Geological Survey.

The writer wishes here to express his appreciation to Mr. M. L.
Fuller, under whose direction this work has been done; to Mr. W. B.
Johnson, of Memphis, Tenn., who rendered invaluable .assistance in
making many well records accessible; to Mr. C. B. Bailey, of Wynne,
Ark.; Mr. Thomas Beckwith, of Charleston, Mo.; Messrs. W. G. Lan-
bhan and W. C. Davis, engineers for the Memphis Water Company;
Mr. W. E. Pratt, of Samburg, Tenn.; Mr. W. B. Beckman, of Blythe-
ville, Ark.; to Dr. E. R. Buckley, State geologist of Missouri; to Mr.
R. Hawkins, of Chillicothe; and many others who have cheerfully

given the result of their observations. .

HISTORICAL FACTS.

The term “artesian’’ is derived from the province of Artois, France,
where one of the first wells of this character was sunk, and it dates
back probably to the twelfth century. Norton, in his Artesian Wells
of Jowa,® calls attention to the fact that at Modena, in northern Italy,
are wells of about the same antiquity as those of Artois. They have
been in use for many centuries in Austria. It is believed that they
have a great antiquity in China; and Tchihatchef affirmed, in an ad-
dress before the British Association in 1882, that the ancient Greeks
sunk artesian wells in Sahara, at Baalbek, and at other points. One

¢ Norton, W. H., Ann. Rept. Jowa Geol. Survey, vol. 6, 1897, p. 123.



CONDITIONS FOR FLOWING ARTESIAN WELLS. 3

of the earliest wells sunk in this country, so far as it has been pessible
to determine, was bored for salt at Spalding, near Rensselaer Ralls
County, Mo., about 1823. :

It is most unfortunate that the term artesian is used so 'Ioosely.
Originally it designated flowing wells only, but in later years it has
been also applied to deep wells that do not flow. Norton has sug-
gested the term ‘‘subartesian” for nonflowing deep wells, and it is
very desirable that some such distinction should be made. In this
report each well will be designated as “flowing”” or “nonflowing.”

REQUISITE CONDITIONS FOR FLOWING ARTESIAN WELLS.

In a general way the principal requisite for the production of a
flowing-water well is the direct opposite of that for a gas well. Both
require, first, a reservoir—that is, a stratum of coarse-grained or
granular rock, which may be either a sandstone or a coarse-grained
limestone; second, an impervious protecting cap rock, which is gen-
erally a shale or a very compact limestone; but the third and most
important point, in which the two classes of wells differ, is that the
gas collects at the crest of a fold of strata, 4. e., at the summit of an
anticline, while the water accumulates in a basin or synclinal trough.
These two classes of wells differ also in the source from which they are
derived. The gas usually originates in the carbonaceous shale that
underlies the reservoir, while the source of the water is frequently
many miles away, at the point where the rock which forms its reser-
voir outcrops, necessarily always at a higher level than that from
which the well starts. A sufficient rainfall in its catchment basin is
also an essential condition for the existence of a successful artesian
well. Williams® has shown that—

A rainfall of 30 inches per year, which is well within the average rainfall of the east-
ern United States [as well as of the State of Missouri], would supply to the gathering
area of a 100-foot stratum, dipping at an angle of 1°, 3,400 barrels of water a year for
every foot in width across the outcrop, of which, if but one-third is taken up by the
strabum, upward of 1,100 barrels per year will be stored in every foot of its width.
Hence the enormous flow from some noted artesians need excite no surprise. An
artesian well in the city of Louisville is said to yield 330,000 gallons every twenty-four
hours, from a depth of 2,086 feet. One in the city of Paris, the Grenelle well, dis-
charges over half a million gallons per day from a depth of 1,806 feet, while one bored
by a French engineer in the Sahara Desert is said to have yielded at the outset 1,000
gallons per minute, or about 1,500,000 gallons per day.

Gas fields are, as a rule, confined to certain geologic horizons. For
example, in Kansas and Missouri gas is found ouly at the base of the
Pennsylvanian, in the Cherokee shale. It is also true that certain
geologic horizons are eminently water bearers. Later in this report,
for example, it is shown that the St. Peter sandstone, where the other
conditions are favorable, is one of the most prominent reservoirs for

eWilliams, 8. J., Applied Geology, New York, 1886, p. 62.



4 UNDERGROUND WATERS OF MISSOURL

artesian waters. Further, different water-bearing horizons vary
decidedly in the quality of waters produced. In the loose incoherent
sands of the Tertiary is found an abundance of good water, though it
is inclined to be somewhat chalybeate. In the sandstones of the
Pennsylvanian sulphur and saline waters may be expected. In the
Hannibal formation of the Kinderhook group magnesium-sulphate
(Epsom salts) waters are the general rule. At the base of the porous
upper part of the Burlington hard but pure waters are found. The
water of the St. Peter sandstone, if it has not traveled too far and
become laden with impurities, is likely to be soft and fresh.

As has been stated, artesian waters are sometimes found in basins—
that is, in old lake or estuary beds. Under such conditions the water
falling on surrounding outcropping strata drains into the basin from
all sides. The accompanying diagram (fig. 1), modified from Wil-
liams, gives an idea of a basin which has been faulted on one side.
The catchment area is higher on each side thanin the middle, and the
upturned edges of the strata outcrop there. The porous sandstone

Fi1c. 1.—Diagram illustrating essential conditions for artesian wells and springs.

beds a, ¢, and h are covered above and below by impervious shale beds. -
Wells drilled through the upper shale at any point in the basin, below
the outceropping edges, will tap the water under pressure and will flow.
Sometimes strata gradually change in character, as illustrated in e in
the diagram, the sandstone bed merging into shale. This sandstone
bed, when tapped, as at d, will yield flowing water. Tt is clear that
the rainfall soaking into the outcropping edges of the porous strata
passes downward in these beds and, being under pressure, will rise,
when tapped, as at ¢ and d, and flow to the surface with a force pro-
portionate to the height of the head above the mouth of the well. If
a well were sunk at b, water would not flow, because b is at the same
height as the head a. At g the strata have been faulted, and those to
the left have gone down. Such a fault line as this frequently marks
the passage of water that rises in springs, as at g. Water from a well
drilled at ¢ would rise with much greater force than from a well at d,
because the head at ¢ is higher.

If a basin was formerly an estuary of the sea, which has been tilted
so that the mouth has been elevated, or if the mouth has been filled



VARTATION IN FLOW OF ARTESIAN WELLS. 5

up with impervious deposits so that the salt water has slowly evapo-
rated, leaving the basin to be subsequently filled with alternating
deposits of sand and clay, all the conditions requisite for brine wells
will be found. Such conditions explain the brine wells and springs
of Saline and Howard counties, and are more fully described in the
text (pp. 80-81).

Another common condition favoring the collection of artesian waters
is found in basins which contain sand, with an impervious clay layer
above, and into which the drainage comes from three directions. Asan
example of this the conditions in southeastern Missouri may be cited.
The valley of the Mississippi lies in a trough, between the Ozarks on
the west and the Kentucky and Tennessee plateau on the east. Here
powerful drainage flows in from the north, the west, and the east.
This is one of the strongest artesian basins in the interior States.

Again, the source of artesian waters may be from one direction
only—as, for example, on the long, gentle slope of a fold, where the
head is higher than the point at which the well is drilled. Such is
commonly the case in many parts of the State.

Faulting may produce artesian conditions where they would not
otherwise be present, the displacement bringing an impervious stra~
tum against the porous, water-bearing stratum.

Another consideration of much importance as regards the abun-
dance of water supply is the area of the outcrop of the porous beds,
or the breadth of the absorbing surface exposed. Williams ¢ has
shown the great extent of the catchment area where only a slight dip
is found. He says: “The breadth of exposure on a level surface of
beds 100 feet thick with a dip of 1° would be a trifle more than a mile,
and for 2° dip about one-half mile, the breadth of surface exposed
. varying inversely as the dip. Hence a moderate degree of dip will
give a greater extent of gathering ground, or area of catchment, as it
is often termed.”

VARIATION IN THE FLOW OF ARTESIAN WELLS.

Artesian wells sometimes vary in their flow. Some gradually
weaken until their flow ceases altogether; others stop flowing when
wells near by are pumped, as illustrated by those of the De Soto
group; and still others have periodic variations or fluctuations in
their discharge. Such fluctuations are due in many cases, no doubt,
to barometric variation in pressure; near the seashore they may be
due to tidal influence; in some cases they are believed to be due to a
siphon action, when the conditions in the waterway are favorable.

a Williams, 8. J., Applied Geology, New York, 1886, p. 61,



6 UNDERGROUND WATERS OF MISSOURI.

The uses of artesian wells, aside from their value in supplying water
for domestic purposes, are, among others, as a source of mineral
waters; to furnish water for irrigation; for protection against fire;
for the development of power for manufacturing purposes; for the
production of heat. Last, but not least, the importance of the arte-
stan well as a geologic agent is a matter which challenges attention
and which has heretofore been entirely overlooked.®

The waters of certain wells possess mineral constituents which ren-
der them valuable therapeutic agents, both for internal and external
use, and these give rise to the establishment of health resorts. Some
of the finest of such resorts in the West are located in this State and
derive their water from deep wells.

The abundance of rainfall in Missouri, as shown by the table at the
close of this section, and its excellent drainage system render irriga-
tion unnecessary; but the value of artesian wells for such a purpose
in the far West is largely recognized. One of the most important
services rendered by the water resources branch of the United States
Geological Survey is the location of storage reservoirs and the out-
lining of artesian districts for the irrigation of the arid regions of
the West. The basins located between many of the ranges of the
Rocky Mountain system are deserts. Fortunately the strata sloping
from the frequently snow-capped mountains present favorable con-
ditions for artesian waters, and large areas are now being irrigated
by means of flowing wells. . ‘

In several cases, where the water from an artesian well has proved
too saline for domestic purposes it has been found that this character-
istic has rendered it of particular value in extinguishing fires.

Darton? in his report on “Artesian wells of a portion of the Dako-
tas,” describes the utilization of power from some artesian wells in
producing electrical energy and running mills. The pressure in a
number of cases reaches 100 to 150 pounds. There are a number of
wells in Missouri that have a considerable pressure, but are not utilized
for power.

None of the wells of this State have water of a high temperature,
though some of them reach a considerable depth.

@ See Shepard, E. M., New ‘Madrid earthquake: Jour. Geol., vol. 13, 1205, p. 45.
b Darton, N. 1., Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1896, pp. 690-691.
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Average annual precipitation in Missouri for ten years, by counties.

Inches. Inches. Inches.
Adair. ... ... 38| Greene................. 43 Ozark...... ... ... 14
Andrew................ 35| Grundy............... 36 | Pemiscot.............. 45
Atchison.............. son................ 36 | Perry............ ... 42
Audrain...... ... ... B 40 | Pettis................. 37
Barry ... . i Ve e 43 | Phelps............. ... 42
Barton.............. .. 51 Holt. ..\ ... e 37 | Pikeo.oooiolill 38
Bates.................. 40| Howard}............... 37 | Platte................. 35
Benton................_ 40  Howell.|........... ... 43 [ Polk................ .. 43
Bollinger............... on....l...... 45 | Pulaski....... ... ... 42
Boone.............. ... 36| Jackson. ... ... ... 36 | Putnam............... 36
Buchanan............. 34| Jasper............. .. .. 46 | Ralls........ 37
Butler.................. 45| Jefferson........... ... 41 ‘ Randolph............. 37
Caldwell.._............ 37| Johmson_..... ... ... 37 ) Ray. ool 37
Callaway.............. Knox................. 36 | Reynolds....... P 43
Camden................ 42| Laclede................ 44 | Ripley................ 15
Cape Girardeau........ 44| Lafayette......... ce... 37 | Saline.. ... 35
Carroll.. ... ... ... ... 37 | Lawrence............... 47 | Schuyler............... 35
Carter................. 44| Lewis ... 36 | Scotland........... ... 35
Cass ... 38! Lincoln............... 38 ) Scotboeeeeiiio 44
Cedar.................. 43 ) Linn. ... 37 | Shannon............... 43
Chariton................ 36| Livingston .. .._._..... 36 | Shelby............ ... .. 38
Christian.............. 45| McDonald.......... <. 47 | St. Charles........... .41
Clark............ooo. .. 34| Macon.................. 37 { St. Clair............. .. 42
Clay.................. 35| Madison.._............ 45 | St. Francois........... 43
Clinton................ 35 Maries.......... ... ... 41 | Ste. Genevieve.. ..... 42
Cole.................... 38| Marion....... U 38 | St. Louis.............. 39
Cooper................. 37 Mercer................. 37 | Stoddard....... . ... 46
Crawford........... ... 42 Miller. ... 41 | Stone. ... 17
Dade.......... et 45 | Mississippi............ 43 | Sullivan............... 37
Dallas.............. ... 43 | Moniteau.............. 38 | Taney................. 46
Daviess................ 37| Monroe..... e 38 ) Texas................. 41
Dekalb.............. .. 36| Montgomery............ 39 | Vernon................. 12
Dent......... ... c..- 42/ Morgan................. 39 | Warren_................ 40
Douglas................ 44| New Madrid............ 46 | Washington............ 42
Dunklin............... 46| Newton............... 46 | Wayne.......... . ... 44
Franklin. ... ... ... 40| Nodaway.............. 36 | Webster................ 43
Gasconade. _............ 39 Oregon................. 43 | Worth..........o...o... 35
Gentry..._............. 36) Osage.................. 40 | Wright.......... . ... 43

TOPOGRAPHY.

Topographically Missouri is naturally divided into six great dis-
tricts—the northwest plateau, the north-central prairie region, the
Ozark-St. Francis dome, the Ozark border, the southeastern lowlands,
and the Lincoln Ridge, all of which are outlined on the accompanying
map (fig. 2).

NORTHWEST PLATEAU DISTRICT.

The northwest plateau includes the elevated portion of the north-

western third of the State and is bounded, approximately, by the 900-
IRR 195—07——2
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foot contour indicated on the map. This plateau gently rises in alti-
tude to the northwest corner of the State, where its elevation is over
1,200 feet. Geologically, however, the strata generally dip about 10
or 15 feet to the mile in a northwesterly direction, thus burying to a
considerable depth the Pennsylvanian rocks, which outcrop on the
southern border of the district. The surface is relatively smooth and
gently rolling, slightly trenched by the rivers which drain it and
covered with a mantle of drift, which is composed on the surface of
a fine sandy silt and clay. Along Missouri River, however, are large
deposits of loess. The valleys of the smaller streams are usually
broad, with gentle slopes, owing to the character of the underlying
rocks, which are largely shales and sandstones. Rarely, where the

streams cut into thin
---------------------- _ limestone beds, a greater
NORTIwWEST irregularity of the sur-
face is noticed.

NORTH-CENTRAL
PRAIRIE DISTRICT.

The north-central
prairie is bounded on
the south by an arbi-
trary line that starts on
Mississippi River, in St.
Charles County, and
?:, runs in a northwesterly
) direction until it strikes
the southern 900-foot
contour north of Cooper County. Thence this line runs in a south-
erly and southwesterly direction, leaving the State in Barton County.
This irregular prairie district is deeply bisected by Missouri River
and is trenched on the north and south by the tributaries of the
Missouri. The altitude of the flood plain of the river at the lowest
point in this district is a little over 600 feet. It rises gradually to
the northeast as far as the Towa line, where its altitude is about
1,200 feet. From the Missouri southwest to the Kansas line it
reaches an altitude of from 800 to 900 feet.

F16. 2.—Map showing topographic districts of Missouri.

OZARK-ST. FRANCIS DOME DISTRICT.

The Ozark-St. Francis dome district includes an elevated elliptical
plateau, having a northeast-southwest trend. It extends in a broad
belt from a point near Mississippi River to the Arkansas line. The
northwestern limit of this district is marked on the topographic map
(fig. 2) by an irregular line. The general axis extends from Iron
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County southwestward, and leaves the State near the southeast cor-
ner of Barry County. As a rule, the strata dip gently at right
angles to this axis. The highest point in this district, as well as in
the State, is Taum Sauk, the crest of the St. Francis Mountains, in
Iron County, which reaches an elevation of 1,800 feet. The crest of
the Ozarks is reached at Cedar Gap, in Wright County, at an eleva-
tion of 1,700 feet. The geologic formations involved in the Ozark
dome are mainly hard silico-magnesian limestone and more or less
indurated sandstones. The drainage to the north and west of the
main axis is into Osage and Missouri rivers. To the south it is
mainly through James Fork, Bryants Creek, Current River, and
Black River into White River, and through St. Francis River into
the Mississippi. The Current, flowing southeastward, and Piney
Fork of the Gasconade, flowing northward, nearly bisect the dome.
The streams flowing across the dome on either side have cut less
deeply than those along the border of the Ozarks. This is due to
the nature of the rocks and the slope of the streams.

OZARK BORDER DISTRICT.

The Ozark border district is a region marked by a deeper trench-
ing of the streams and by numerous sink holes, which are a striking
characteristic of the region. Near the inner margin of this area are
found many of the great springs of the Ozarks, which, in a number
of cases, are the outlets of underground rivers and are of phenome-
nal size. The scenery along this margin is unique. It is here that
the valleys are deepest and the bluffs most abrupt and picturesque.
The outer margin of the district gradually merges to the north into
the prairie district,

SOUTHEASTERN LOWLANDS DISTRICT.

The southeastern lowlands district includes that part of the State
which lies southeast of a line running from a point-near Cape Girar-
deau southwestward to a point in the southeast corner of Ripley
County and approximately marked by the 400-foot contour. The
line of demarcation between the Ozark dome and the lowlands is
somewhat abrupt, as there is no border district on the southeast of
the dome. This is, in some respects, the most striking topographic
district in the State. It has a width of about 50 miles. In a gen-
eral way the surface is nearly a level plain, broken by the irregular
Crowleys Ridge, which extends northeastward from Arkansas to
Commerce, Mo., on the Mississippi. This ridge is broader at the
south and gradually narrows to the northeast, being finally broken
into several isolated elevations, such as Ringer Hill, Cow Hill, Lost
Hill, Birds Hill, and Benton Ridge, that stand up boldly in the
midst of the general plain. It is a remnant of a former coastal



10 UNDERGROUND WATERS OF MISSOURI

plain and is being rapidly reduced by erosion. The slope is more
gentle toward the east, with a rather abrupt escarpment in places
on the west, facing the St. Francis Valley. Marbut ¢ has shown
how Crowleys Ridge was left by the change in the channel of Mis-
sissippi River, which formerly flowed between the Ozark highlands
and this ridge and emptied into what was then Ohio River, near
Helena, Arl:. Later, after several changes in its course, the Missis-
sippi was captured by the Ohio, and its present flood plain is the
low region east of Crowleys Ridge. It should be remembered that
the drainage of the Ozarks empties into this lowland and helps, with
the drainage from Illinois on the north and from Kentucky and
Tennessee on the east, to form a very remarkable artesian basin.
The majority of the streams on the southern slopes of the Ozarks
bend abruptly at right angles on entering the St. Francis basin.
The flood plain of the Mississippi east of Crowleys Ridge is from
100 to 150 feet lower than the present top of the ridge, and shows
the amount of erosion that has taken place from the original level of
the coastal plain, which was undoubtedly considerably higher than
the present altitude of the ridge. The sections given across this
district (p. 35) show the striking manner in which Crowleys Ridge
rises from the dead level of the lowlands, like an island in the sea.
With the exception of a low dome about New Madrid, elevated from
20 to 30 feet, the general level is unbroken, save by low ridges alter-
nating with narrow, tortuous lakes, rivers, and swamps running in
more or less irregular parallel lines between Crowleys Ridge and
Mississippi River. Toward the south of the lowland district there
is a general gentle slope away from the Mississippi to the southwest.

LINCOLN RIDGE DISTRICT.

Lincoln Ridge is an anticlinal axis entering Missouri in Lincoln
County from Calhoun County in INinois. This anticline has been
called the Cap au Grés fault. TIts main axis has a general northerly
course, diverging slightly to the west. It may be traced in an irregu-
lar line through Lincoln, Pike, Ralls, and a part of Marion counties.
The uplift has given rise to a characteristic. topography throughout
this region. The eastern side, toward the Mississippi, is more or less
abrupt, being seamed and scored by deep, narrow valleys alternating
with rounded and in many cases conical hills. The different geologic
formations, from their varying texture, illustrate the changing degrees
of erosion, the shales giving gentle slopes, while the harder limestones
and sandstones form steep terraces and declivities. The surfaces of
these hills, which stand up several hundred feet above the river,
rapidly merge into a prairie plateau toward the west. The drainage

aTheevolution of the northern part of the lowlands of southeastern Missouri: Univ. Missouri Studies,
vol. 1, No. 3, 1902.
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on the east is directly into the Mississippi. On the west, south of Salt
River, it runs into streams that are more or less parallel with the uplift
and, turning abruptly to the east just south of the anticline, enters the
Mississippi.

Topographically, Missouri presents a considerable diversity, in strik-
ing contrast to those States which lie to the northeast, north, and west.
The broad prairies of Illinois and Iowa and the plains of Nebraska
meet in the northern half of this State. In the Ozark plateau and
border is some of the most picturesque scenery to be found in the Mis-
sissippi basin, scenery that combines the most striking features of
the mountainous regions of Kentucky, Tennessee, and Arkansas. In
the southeastern lowlands are anticipated the broad coastal plains of
the Southern States.

GEOLOGY.

ROCK FORMATIONS.
GENERAL STATEMENT.

The diversified topography of this State and the combination of
features characteristic of surrounding States indicate a wide range of
geologic horizons. In southeastern Missouri the oldest and the most
recent formations are seen almost side by side.

The St. Francis Mountains were in the earliest Paleozoic period, the
Cambrian, an archipelago of islands far distant from any other land
of that primitive time. They formed a nucleus for the development
of this portion of the continent.

The rocks of the State may be divided into the two groups, crystal-
line and sedimentary. The nomenclature of Missouri geologic forma-
tions has been heretofore in a very unsettled condition. Although
this was one of the first States in the interior to establish a geological
survey, later and more complete surveys have been made in surround-
ing States, with the result that many of the names first given to Mis-
souri formations have had to be abandoned, for the reason that they
were largely based on lithologic characters—a method of nomencla-
ture no longer permissible. It is the intention in this report to give
a brief résumé of the different formations of the State, emphasizing
those which have an important relation to the water resources of the
region under discussion,

Three of the five great eras of geologic history are represented in
Missouri, viz, the Archean, Paleozoic, and Cenozoic; and while the
rocks of the Mesozoic do not outcrop in the State, they are repre-
sented in deep-well sections in the southeast corner. The following
table gives a list of the geologic formations, as complete as it is pos-
sible to make it at the present day. The writer is indebted to Dr.
E. O. Ulrich for the synonymy of the Cambrian, Ordovician, Devonian,
and Mississippian.
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Geologic formations of Missourt.

System.

. |
Series.

Group.

Formation.

Quaternary

Tertiary

Cretaceous

Carboniferous

Devonian

Silurian

Ordovician

Cambro-Ordovi-
cian.

Cambrian

Archean

{

Recent

Pleistocene

Pliccene
Eocene

{

Mississippian

{

Missouri

Des Moines

Chester

Alluvium and residual soil.
Terrace gravel.
Loess.
Till.
Columbia clay.
Lafayette gravel.
{Lagrange formation.
| Porters Creek formation.
Ripley sand.
Unditferentiated.
Pleasantor shale.
Henrietta limestone.
Cherokee shale.
Graydon sandstone.
Birdsville formation.
Tribune limestone.
Cypress sandstone.
Ste. Geneyjeve limestone.
St. Louis limestone.
Spergen limestone.
Warsaw formation.
{Keokuk limestone.
Burlington limestone.
Chouteau limestone.
{Hanniba.l formation.
Louisiana limestone.
Chattanooga shale.
Callaway limestone.
Clear Creek chert.
{Bs.ﬂey limestone.
Bainbridge limestone.
Girardeau limestone.
Magquoketa shale.
Polk Bayou limestone.
Kimmswick limestone.
Plattin limestone.

.| Joachim limestone.
.| St. Peter sandstone.

Jefferson City limestone.

[

.[yRoubidoux sandstone.

Gasconade limestone.

.| Elvins formation.

{Bonneterre limestone.
La Motte sandstone.

fEron Mountain porphyry.
VKnob Lick granite.

The Archean rocks are confined entirely to the St. Francis Moun-
tains in the southeastern part of the State.
and porphyries, mainly the latter.
rocks are exposed. They are the oldest in the Mississippi Valley, as
Around this early land area are grouped in con-
The porphyries are

well as in Mis

centric bands the later geologic formations.
usually found near the surface and the granites underneath, the two
gradually merging into each other, indicating that they were probably
formed from the same magma, their differences being largely due to
the variation in the physical conditions under which they were

formed.

These rocks outcrop in Madison, St. Francois, Iron, Washington,
Wayne, Reynolds, Shannon, Carter, Ste. Genevieve, Butler, and

Crawford counties. Keyes ¢ classifies these crystalline rocks into

sourd.

ARCHEAN.

About 7

They consist of granites
00 or 800 feet of these

a Keyes, C. R., Report on Mine la Motte sheet; Missouri Geol. Survey, vol. 9, 1896, p. 19.
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the ITron Mountain porphyry; 300 feet thick, and the Knob Lick
granite, 400 feet thick.

Knob Lick granite.—This granite has its maximum development
around Knob Lick, in St. Francois County. It is usually reddish in
color, is composed mainly of quartz and feldspar, and is as a rule
rather coarse grained. Biotite mica and hornblende are rarely
present. It frequently weathers in characteristic rounded masses,
well shown near the quarries at Arcadia.

Iron Mountain porphyry.—This rock is usually found capping the
granite, except where it has been removed by erosion. The por-
phyries are more abundant on the west and the granites on the east
of the Archean district. Haworth® has very fully described these
rocks. He divides the porphyries into two great classes—the por-
phyries proper and the porphyrites. The first are made up of quartz
and orthoclase, with microcline phenocrysts, the red variety having
no phenocrysts. The second group includes those which have
prominent phenocrysts composed of the varieties of triclinic feld-
spars, usually greenish in color, due to the minute dissemination of
epidote crystals. As might be expected, springs are rare, and the
water supply, as a rule, is poor in the granitic region.

Other igneous rocks.—Numerous dikes of basic eruptives are found,
mainly of diabase, in the St. Francois region. These dikes vary from
less than 1 inch up to 50 or 100 feet in width, and are usually vertical,
or nearly so.

In Camden County, just south of the middle of the State, is an
exceptional dike or boss of pegmatite, made up mainly of microcline
feldspar, with some albite or oligoclase and numberless small masses
of quartz. From this dike the strata dip in every direction. This is
the only outcropping of igneous rocks, so far as known, outside of
the district already described. For a fuller description of this locality
the reader is referred to the paper by the writer on ‘‘The spring sys-
tem of the Decaturville dome.”®

CAMBRIAN.

The Cambrian rocks overlying the Archean are represented by the
Bonneterre limestone, 500 feet thick, and the La Motte sandstone,
300 feet thick.

La Motte sandstone—This sandstone, which usually surrounds the
granite and porphyry outcrops, was first given the above name in the
description of the mines at Mine la Motte. It probably has a total
thickness, in the Archean area, of 200 to 300 feet. It is a soft,
rather fine-grained, compact sandstone, cemented with calcareous

a Haworth, Erasmus, The crystalline rocks of Missouri: Missouri Geol. Survey, vol. 8, 1895.
b Contributions to the hydrology of the eastern United States, 1904: Water-Sup. and Irr. Paper No.
110, U. S. Geol. Survey, 1905, pp. 113-125.



14 UNDERGROUND WATERS OF MISSOURI.

and dolomitic material. It varies in color from white to yellow,
brown, deep red, and purple, being usually darker where it comes into
contact with the granite. The base of this sandstone is in many places
a coarse gravel or even a conglomerate of granite and prophyry peb-
bles. As a rule, this is a good water bearer, though the water
frequently carries iron. It is probably the source of some of the
chalybeate springs of the district.

Bonneterre limestone.—The Ta Motte sandstone frequently merges,
by degrees, into the Bonneterre dolomitic limestone, which includes
the Fourth Magnesian limestone of Swallow, in part; the St. Joseph
limestone, in part; the Fredericktown dolomite, in part, and the
Decaturville limestone. The Bonneterre has a thickness of 300 to
500 feet. The lower beds are usually a gray limestone, here and
there siliceous and in some places shaly. The upper beds are a
yellowish dolomite, merging upward into thin-bedded and shaly
rocks. This formation is usually free from chert and is thus sharply
distinguishable from the distinctly cherty Gasconade limestone, which
overlies it when the shaly Elvins formation is absent. Fossils are
rare. One brachiopod, Lingulella lamborni Meek, and a few other
Upper Cambrian forms have been found in the lower part.

CAMBRO-ORDOVICIAN.

The following formations are, for the present, grouped as undifferen-
tiated Cambro-Ordovician beds: Joachim limestone, up to 125 feet
thick; St. Peter sandstone, up to 200 feet; Jefferson City limestone,
100 to 250 feet; Roubidoux sandstone, 100 to 225 feet; Gasconade
limestone, 450 to 650 feet; Elvins formation, up to 150 feet.

Elvins formation.—This formation (the basal part of the Potosi
limestone of Nason) outcrops around the Bonneterre limestone in the
St. Francis Mountains district. It is prevailingly shaly, especially in
its lower two-thirds. The basal part generally contains from one to
five or six thin bands of limestone conglomerate—the ‘‘edgewise
beds” of Nason. Locally the upper 60 feet or more consists of
massive to thin-bedded, more or less earthy, noncherty dolomite.
The formation is often wanting even in the southeastern mining dis-
trict, and in such cases the cherty Gasconade limestone rests on the
Bonneterre. These beds were also identified by Dr. E. O. Ulrich in
Camden County, around Pegmatite Hill, where they are overlain by
a very coarse-grained, friable, reddish to yellow sandstone. The
formation has a maximum thickness of 150 feet.

Gasconade limestone—This formation includes the Fourth Magne-
sian limestone, in part, and the Third sandstone of Swallow; the
Osage limestone and the Cole Camp sandstone of Winslow; the Gun-
ter sandstone and the Proctor limestone of Ball and Smith, and the
Potosi limestone, in part, of Nason. It has a thickness of from 450
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to 650 feet. It is made up of more or less heavy-bedded limestones,
which in many places merge into dolomite, and may contain nodular,
disseminated, or thin-bedded chert. Here and there are irregular
lenses of sandstone, and the writer believes he has found through-
out the State a well-defined and persistent bed of sandstone—the
Third sandstone of Swallow. The Gasconade limestone is widely
distributed throughout the southeastern quarter of the State, around
the Archean rocks. A long strip of it extends through Texas,
Pulaski, Phelps, and Maries counties. Another strip extends north-
eastward through Dallas, Camden, Morgan, and Miller counties, and
narrow strips outcrop along some of the streams that run through
Douglas and Ozark counties. This formation is an important water
bearer, as is shown by the great springs that issue from its cavernous
beds.

Roubidouxr sandstone.—This formation includes the Second sand-
stone of Swallow, the Moreau sandstone of Winslow, and the Bolin
Creek member of the St. Elizabeth formation of Ball and Smith. It
is from 100 to 225 feet thick. The sandstone of this formation is
made up of waterworn, well-rounded grains of quartz, and varies in
color from white to yellow, reddish, or almost black, according to the
amount of iron that it contains. Much of it exhibits false bedding,
ripple marks, and sun cracks. It varies in thickness, but the writer
has found it remarkably persistent and outeropping above the expo-
sures of the Gasconade limestone. It is somewhat porous, though
locally cemented with silica into a compact mass. It is a prominent
water horizon in the counties mentioned in the preceding paragraph
as containing the Gasconade limestone, and is the reservoir source of
most of the large springs of the southeastern part of the State.

Jefferson City limestone.—This formation, which is from 100 to 400
feet thick, is equivalent to the Second Magnesian limestone of Swal-
low and the Winfield limestone of Keyes. It is a dolomitic limestone,
usually more or less heavy bedded, rather soft when freshly broken,
fine grained, compact, and grayish white. Locally, especially in its
upper part, it is thin bedded. Most or all of the upper thin-bedded
part is rather generally absent in Missouri, having heen removed by
erosion prior to the deposition of the Devonian and Carboniferous
rocks which, especially in the southwestern part of the State, gener-
ally overlie this formation. The remaining lower beds are highly
siliceous, and frequently, in weathering, exhibit jagged honeycombed
peaks or block-like masses (Pl. II). They are also frequently pitted
with geode-like cavities. When honeycombed by weathering they
leave siliceous skeletons in strangely contorted forms, and many hill-
sides underlain by this formation are abundantly covered with chert.
Here and there beds of thin sandstone are found near the middle of
this formetion. In the mining districts it is not unusual to find

¢



16 UNDERGROUND WATERS OF MISSOURI.

intercalated beds of thin variegated blue and white shale, called by
the miners ‘‘the soapstone layer.” It is very probable thai both
the chert and the siliceous beds are usually examples of replacement
of limestone by percolating waters holding silica in solution.e

The Jefferson City limestone has a wide distribution throughout
the Ozarks? It varies decidedly in thickness, probably reaching a
maximum of nearly 400 feet in the Lebanon deep well, while 60
miles to the south, in the Metropolitan deep well at Springfield, it
seems to be but 90 feet thick. The porous beds of this formation
are the source of some of the smaller springs of the Ozarks.

St. Peter sandstone.—This formation is the equivalent of the First
or Saccharoidal sandstone of Swallow, the Cap au Grés sandstone of
Keyes, the Pacific sandstone of Ball and Smith, the Crystal City
sandstone of Winslow, and in part the Key sandstone of Adams.
The Marshfield sandstone and the Bolivar sandstone of southwestern
Missouri are commonly believed to represent the same formation, but
Ulrich regards them as lenses within the Jefferson City limestone.
Ulrich maintains further that the true St. Peter sandstone is rarely
or never present when late Devonian or Carboniferous rocks are in
contact with the Cambro-Ordovician.

This formation is the most important water bearer in the States
north of Missouri and one of the most important in this State. It
has a thickness of 10 to 200 feet and is brought to the surface in
Ralls and Lincoln counties and in some of the counties north of
Missouri River to a point nearly halfway across the State. It also
outcrops in the counties just west of Mississippi River and south of
St. Louis County. Its presence to the west and southwest of the
Ozarks is doubted by some geologists, but, although it may not come
to the surface, the writer believes that it occurs under cover all
around the Ozark Island in Missouri. It is a rock that forms a
prominent landmark in the correlation of the different horizons. Tt
is made up of highly polished, rounded, waterworn grains of limpid
to translucent quartz, rather loosely cemented together. While it is
generally somewhat friable, it seems to possess to a high degree the
power to resist the elements. Its durability is exhibited by the
manner in which it stands out in ledges and forms benches and
overhanging shelves in the bluffs along streams. It varies in color
from white to a yellowish brown or red, the coloration being largely
due to iron, which commonly forms part of the cementing material,
but does not affect the grains.

This sandstone is remarkably persistent and covers a large area.
The water yielded by it is usually pure and soft when it has not

a See Shepard, E. M., Spring system of the Decaturville dome, Camden County, Mo.: Water-2up. and
Irr. Paper No. 110, U. 8. Geol. Survey, 1905, p. 124,

b The Jetferson City and St. Peter formations cover smaller areas than those shown on the map.
The 8t. Peter, in the western and southern areas shown, contains many bodies of younger sandstones.
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percolated through the formation for long distances. Here and there
minute particles of marcasite are found, which tend to impregnate
the water with sulphur and iron.

Joachim limestone.—This formation is the equivalent of the First
Magnesian limestone of Swallow, the Folley limestone of Keyes, and
probably of the Finley limestone of the writer. It varies greatly in
thickness, ranging from a knife edge to 125 feet. Its distribution
corresponds somewhat to that of the St. Peter sandstone. It is gen-
erally a thin, evenly bedded, fine-grained, compact dolomitic lime-
stone, varying from white to yellowish in color; much of it is so soft
and white as to be called ‘“cotton rock.” The upper beds are locally
silico-magnesian in character and so uneven in texture that in weath-
ering the softer portions are worn away, leaving an irregularly pitted
surface.

ORDOVICIAN.

According to the prevailing definition of the Ordovician, this sys-
tem should include the formations between the top of the Girardeau
limestone and the base of the Jefferson City limestone, the latter
being, as interpreted by Ulrich, equivalent to the Beekmantown or
Calciferous rocks of New York. Indeed, according to Ulrich, the
lower limit of the Ordovician might be extended downward to the
base of the Gasonade without serious modification of the present
conception of the Cambrian. However, for reasons that need not be
stated here, it has seemed wise to the writer to place in the Ordovician
only those formations about which there can be no doubt, and to refer
the underlying rocks down to the top of the Bonneterre limestone,
provisionally to a ‘‘Cambro-Ordovician” system. The Ordovician,
then, includes the following: Girardeau limestone, up to 50 feet thick;
Maquoketa shale, up to 40 feet; Polk Bayou limestone, 1 to 3 feet;
Kimmswick limestone, 40 to 90 feet; Plattin limestone, 100 to 200
feet. These Ordovician rocks are almost wholly confined to the east-
ern part of the State, south of Hannibal; except the Maquoketa shale
and Kimmswick limestone, they are rarely found in well sections to
the northwest and southwest. They are of little importance as water
carriers and have so limited a distribution that it will be unnecessary,
so far as the purpose of this report is concerned, to give them further
attention.

SILURIAN.

The Silurian rocks, like the Ordovician, have a somewhat limited
range throughout the State. They are confined mainly to the few
counties south of St. Louis, but extend westward for a short distance
along Missouri River. In only a few cases, near the areas of outcrop,
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has it been possible to.recognize them in well sections. They consist
of the Bailey limestone, 70 to 150 feet thick, and the Bainbridge
limestone, up to 125 feet.

For the same reasons as those given in connection with the Ordo-
vician, it will not be necessary to consider the Silurian rocks further.

DEVONIAN.

The Devonian rocks form a very narrow penumbral margin around
the Ozark Island. Except in the counties south of St. Louis and
along Missouri’River, the beds are very thin, irregularly distributed,
and of little or no importance from the standpoint of water supply.
The different formations are the Chattanooga or Ohio shale, up to 30
feet thick; Callaway limestone, up to 50 feet; Clear Creek chert, up
to 150 feet.

The Callaway limestone north of St. Louis is in part the equivalent
of the Chattanooga shale, and south of St. Louis of the upper part of
the Grand Tower limestone.

CARBONIFEROUS.
MISSISSIPPIAN.

The Mississippian series of the Carboniferous bears a most impor-
tant relation to the water resources of Missouri. It forms a broad
belt running in an irregular diagonal across the State from southwest
to northeast and a very narrow strip southward from the mouth
of Missouri River along the banks of the Mississippi to Cape Girardeau
County. The following formations are comprised in the Mississippian:
Birdsville formation, up to 300 feet thick; Tribune limestone, 100-150
feet; Cypress sandstone, 50-100 feet; Ste. Genevieve limestone,
150-150 feet; St. Louis limestone, 300 feet; Spergen limestone, 100
feet; Walsaw formation, up to 50 feet; Keokuk limestone, 200 feet;
Burlington limestone, 300 feet; Chouteau limestone, 70 feet; Hannibal
formation, 30-100 feet; Louisiana limestone and equivalent forma-
tions, up to 100 feet.

Louisiana limestone—This is the equivalent of the Lithographic
limestone of Swallow, who named it for its supposed lithographic qual-
ities, which, however, were never realized in this State. So far as the
writer has observed, it reaches its maximum thickness, 100 feet, at
Louisiana and the best exposures are found along Mississippi River
between Louisiana and Hannibal. In this region it is a fine-grained,
compact, thin-bedded, dolomitic limestone, usually ash colored. Itis
generally underlain by a sandy shale, which is more or less fossilifer- -
ous. It thins out and becomes coarse grained elsewhere in the State.
In the counties west of Pike it is much thinner, is coarser grained, and
has a slightly bluish tinge. It has been recognized in Cedar and St.
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Clair counties, and Swallow found 30 feet of it in Jasper County. In
Greene and Webster counties the Hannibal formation is underlain by
four thin but lithologically distinguishable beds that are regarded by
Ulrich as representing the Louisiana limestone. The uppermost of
these beds has long been correlated with that limestone by the writer.
It is widely distributed in the southwestern part of the State, ranges
from 8 to 22 feet in thickness, and is so compact in texture as to ring
like bell metal when struck. The other beds are much more local in
their distribution. They were described by the writer, who called
them Phelps sandstone, King limestone, and Sac limestone of the
Hamilton stage (Devonian). Few fossils are found in these beds,
" though the weathered surfaces expose depauperate forms of crinoid
stems.

Hannibal formation.—This is the equivalent of the Vermicular sand-
stones and shales of Swallow. It isfrom 30 to 150 feet thick. In the
type locality, in Marion County, this formation consists of beds of
bluish to greenish argillaceous shale, frequently calcareous or dolomi-
tic, with impure layers of limestone or dolomite. The rocks vary
greatly in composition, containing a number of mineral salts which
tend to impregnate the water. Many of the strongest mineral waters
have their source in this formation. It is somewhat widely distributed
throughout the State, becoming more calcareous to the west of Marion
County and represented by several distinet rocks in the southwest and
south. For example, in Greene, Polk, Lawrence, and Webster coun-
ties it consists in many places of three members. In northern Greene
and Polk counties is found a heavy deposit of fine-grained buff sand-
stone, penetrated everywhere by worm-like borings that are filled
with less indurated matter. This sandstone is fairly durable, and in
weathering usually forms benches or terraces. It graduates through
beds that become less and less arenaceous into compact silico-magne-
sian shales. These shales are usually grayish to blue, but locally
greenish. In many places they are shattered and the veins are filled
with a white, soft substance, like kaolin. The shales and sandstones
locally exhibit cauda-galli markings and, near their contact, nodular
elliptical masses of impure iron pyrites are found. On the southside
of the Ozark dome, the watershed that extends through Greene County,
the sandstone gradually disappears and the shale predominates. Far-
ther south, in adjoining counties, the shale merges into an impure
limestone. It is uncertain whether these rocks occur in southeastern
Missouri. Some variegated clay shales below the Burlington lime-
stone in Ste. Genevieve County have been doubtfully assigned to this
formation.

A more extended account of this horizon has been given than its
distribution would justify, because it is one of the most important in
1ts relation to underground waters. It contains a large proportion of
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impurities and is the source of some of the strongest mineral waters
of the State.

Chouteau limestone.—This peculiar buff to dark-yellow rock
received its name from Chouteau Springs, in Cooper County, being
first described by Swallow. In color and texture the rock throughout
the State varies greatly from that at the type locality, where it is
ashy gray in appearance and of the nature of a shaly limestone. In
Marion and Pike counties it is from 10 to 15 feet thick, buff colored,
and somewhat arenaceous. In Pettis County it reaches a thickness
of 100 feet. In Webster County it is about 40 feet thick. In the
southwest it is usually heavy bedded, hard, and compact, and in
many places very arenaceous. The beds generally contain small,
geode-like cavities lined with minute calcite crystals. Here and
there crystals of pyrites are disseminated through the rock, and some
chert is also found in the southwest. The rock indurates on expo-
sure, and this fact, together with its striking color, causes it to form
a noticeable topographic feature. The Chouteau is usually too com-
pact to be counted as a water carrier, yet in places springs of some-
what mineralized water rise from fissures in it. As a rule the Chou-
teau forms a more or less impervious bed beneath the Burlington
limestone.

Burlington limestone.—This formation is usually a- coarse-grained,
highly crystalline, and very pure limestone. It varies considerably
in thickness and in other characteristics in different parts of the State.
It has a rather wide distribution in the counties bordering the Missis-
sippi on the west, extending in an irregular diagonal to the southwest
corner of the State, where it covers a broad area. In the southwest
it has two distinet parts—the upper and the lower. IHere the upper
bed is usually from 200 to 300 feet thick and similar in fauna and
structure to the beds in the northern part of the State, while the lower
bed, which is much less persistent, varies from 20 to 60 feet in thick-
ness and consists of a very dense, hard, and impure rock that has a
bluish slate color and breaks with a conchoidal fracture. The fossils
of the lower bed are much smaller than those of the upper, the crinoids
in particular being of the more delicate varieties, in strong contrast
with the large robust forms of the upper bed.

Between these two Burlington beds is a transition layer of chert,
varying from 5 to 40 feet in thickness. This chert is usually seamed,
shattered, and irregularly bedded, very hard, compact, and white.
The intercalated chert of the upper part of the Burlington is very soft,
impure, and fossiliferous, of reddish shades of color, and usually. dis-
posed in lens-shaped masses. Where the lower bed of the Burlington
is present, the intervening shattered chert is the source of many large,
fine springs, the water having been derived from the upper bed, which
is one of the great water carriers of the State. It is very probable that






CARBONIFEROUS ROCKS. 21

this transition chert has been formed by replacement of the original
limestone through the action of the large quantities of siliceous waters .
that are constantly passing through the upper bed of this formation.

Topographically, the upper part of the Burlington is marked every-
where by the presence of large sink holes, and it forms the largest and
most important basin and reservoir for collecting water in the State.
As the limestone is very pure and porous and the intercalated chert
impure and soft, percolating waters dissolve out large quantities of
lime and silica from the chert and, encountering the impervious lower
Burlington or Chouteau below, issue in the valleys as great springs.

This formation is honeycombed with great caves in which flow
underground streams. Tt also forms striking topographic features in
the mural and castellated bluffs along the great rivers in the region
where it outcrops. (See Pl. III, A.)

Keokuk limestone.—This limestone, which is largely distributed over
Illinois, is represented in Missouri mainly in the northeastern part.
It is about 200 feet thick and made up of rather compact layers of
bluish limestone at the base of the formation, varying with shaly
masses intercalated with thinner beds of limestone above. Its pres-
ence south of Missouri River is disputed. The fauna of the Burlington
and overlying beds in the southwest seems to be a mixture of Keokuk
and Burlington types, so much so that other names, such as Cherokee
and Encrinital have been proposed for these transition beds. It is
probable that most of the upper Mississippian is absent in the south-
western part of the State, the Pennsylvanian deposits resting uncon-
formably upon the Burlington at various points in that region. The
Keokuk is not a prominent water carrier in Missouri. -

Warsaw formation.—This formation, confined mainly to the north-
eastern part of the State, is problematic in its relations. Tt is de-
seribed by Hall as being made up, near Keokuk, of magnesian lime-
stone of variable thickness, which is in places absent, overlain by
argillaceous limestone with shaly partings, followed by coarse calca-
reous yellow sandstone in thick heavy beds. Some authors include
it with the Keokuk and others with the St. Louis. Ulrich regards it
as a distinet formation overlying the Keokuk and forming the basal
division of his Meramec group. (See table of formations, p. 12.) The
Warsaw is of very little importance as a water bearer in Missouri.

Spergen limestone.—This formation is confined in Missouri to the
counties bordeting the Mississippi below the mouth of Missouri River.
Here, as in the States to the east and southeast, it consists chiefly of
massive oolitic limestone, parts of which afford a handsome building
material. In St. Louis County its thickness is about 100 feet, but in
Ste. Genevieve and Perry counties it seems to be not less than 200 feet.

a Hall, James, Geology of Iowa, vol. 1, 1858, p. 101.
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So far as known the Spergen limestone has no special connection with
the water problems of the State.

St. Louis limestone.—This formation is well developed along the
Mississippi from Iowa to Cape Girardeau County. Keyes describes it
as being more or less brecciated to the north of St. Louis County,
while south of Missouri River it is an evenly bedded, cherty gray lime-
stone. It reaches a considerable thickness, the maximum develop-
ment within the State being nearly 300 feet. While more largely
developed than some other formations, it is not an important water
bearer.

Chester group.—The formations belonging to the Chester group
have so small a distribution in Missouri that they will not be consid-
ered separately in this report except to state that good water is
usually obtained from the Cypress sandstone and the Ste. Genevieve
limestone. The group consists of the Birdsville formation, up to 300
feet thick; Tribune limestone, 100-150 feet; Cypress sandstone,
50-100 feet; and Ste. Genevieve limestone, 100-150 feet.

PENNSYLVANIAN,

The Pennsylvanian series of the Carboniferous is divided into two
groups—the Des Moines and the Missouri.

DES MOINES GROUP.

One of the most important sources of water supply is in the basal
formations of the Des Moines, which is represented by the Pleasanton
shale, up to 200 feet thick; Henrietta limestone, up to 100 feet;
Cherokee shale, up to 300 feet; and Graydon sandstone, up to 75 feet.

Graydon sandstone.—This formation consists of several members,
the most prominent of which is a coarse-grained, friable, usually
micaceous, ferruginous sandstone, with scattering intercalated
patches or beds of highly inclined shales, from blue to greenish black
in color and in many places mixed with thin seams of carbonaceous
matter. Its thickness ranges from a feather edge to 75 feet. The
sandstone locally merges into a fine to coarse cemented gravel, and
finally into a coarse, polished bowlder conglomerate. This formation
seems to fill old erosion channels or basins and is almost invariably
tilted and unconformable to the beds upon which it rests. It prob-
ably marks the beginning of the submergence which resulted in the
deposition of the Pennsylvanian rocks. It apparently skirts the
Ozark Island and has been traced from Fulton, Callaway County,
where it is finely exhibited in a bluff on the outskirts of the town, down
to southern Missouri. Its best development is perhaps in Cedar,
Polk, Dade, Lawrence, Greene, and Christian counties. Ball and
Smith ¢ have described a number of interesting outeroppings in Miller

aBall, 8. H., and Smith, C. F., Geology of Miller County: Rept. Missouri Bureau Geology and Mines,
2d ser., vol. 1, 1903, p- 95.
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Cqunty, some distance from the borders of the coal field, where it is
most commonly exhibited. (See Pl. I1T, B.)

This sandstone is an important water bearer, many of the most
valuable chalybeate springs of the State having their origin in it. A
number of so-called sulphur springs come from this formation, but
owe their apparent sulphurous odor to minute traces of petroleum
derived from the intercalated carbonaceous shales.

Cherokee shale.—The Cherokee shale is a very important formation
in Missouri, being the source of practically all the workable coal, gas,
and oil. From it also are obtained most of the brines and sulpho-
saline waters. The formation was named by Haworth from Cherokee
County, Kans., where it is particularly well developed. It is made up
largely of sandstones and shales, the shale members being perhaps the
more persistent. The sandstone is usually more abundant at the
base of the formation. Besides numerous coal seams a few thin beds
of limestone occur. These are usually restricted in area and are in
many places fossiliferous and carbonaceous. Some of the most inter-
esting problems connected with the water supply of the %ate arise
from the study of this formation.

The Cherokee shale is distributed in an irregular diagonal strip,
forming an outside border to the ississippian rocks from the south-
western part of the State through to the northeast corner. These
rocks dip strongly to the northwest at th . rate of from 10 to 20 feet to
the mile, and their thickness varies considerably, being in some places
300 feet.

Henrietta limestone.—The Henrietta limestone is a composite forma-
tion somewhat like the Cherokee shale and is made up of arenaceous
shales and thin beds of sandstone and limestone. In places it is 100
feet thick. The name was given by Marbut to the associated beds
with the limestone members, which, though thinner than the shales
and sandstones, form escarpments that run through the State, making
pronounced topographic features.

The limestone members are essentially the extension of the Pawnee
and Fort Scott limestones of the Kansas Survey. The formation may
be traced from Bates County, on the Kansas line, to Missouri River in
Lafayette County and for some distance north of the river. It is not
an important water bearer, there being no springs of any size along its
course; but a small supply of water is obtained by sinking Wells to the
hmestone beds.

Pleasanton shale.—This is the equivalent of Marbut’s Marais des
Cygunes shale. The formation is made up of argillaceous and arena-
ceous shales, some sandstones, and several small veins of coal. It
forms a belt 15 or 20 miles wide, extending from Bates County, on the
Kansas line, to Lafayette County, where it crosses the river and
passes on northward through the State. Springs are rare in this

IRR 195—07—3
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formation. Wells sunk to the sandstone or limestone beds usually
give a fair amount of water.

MISSOURI GROUP.

The Missouri, the uppermost group of the Carboniferous rocks, is
usually made up cf heavy alternating beds cf shales, limestones, and
sandstones, the shales largely predominating. No good supplies of
water are found in the 1,000 feet of this formation, that obtained
being usually saline and in many cases strongly impregnated with
other mineral salts.

The beds of the Missouri group are confined to the northwest
quarter of the State. The lowest forms an escarpment extending
from southern Cass County northward through Mercer County into
Towa.

CRETACEOUS.

While the Cretaceous rocks nowhere outerop within the limits cf
the State, they undoubtedly extended up the Mississippi embayment
a short distance into Missouri and were subsequently covered by
Tertiary deposits. A number of deep wells in the embayment area
of Missouri and the adjoining portions of Tennessee and Kentucky
penetrate, at varying depths, loose sand and clay which, from their
eltuamon and structural characters, are probably the equivalent of
the RlpleV sand. These sand beds are usually nenfossiliferous, but
in many places contain fragmentary particles of lignite. They vary
in color from white to black, but are more commonly red or yellow,
owing to the presence of iron. They are from 25 to 50 feet thick in -
well sections at Cairo, Ill., and 224 feet thick in the well at More-
house, where they are reached at a depth of 466 feet. In the Camp-
bell artesian well, at a depth of 940 feet, a very fine black sand with a
large percentage of mica in small pieces was struck. The boring
penetrated 20 feet of this material and stopped at a depth of 960 feet.
The Ripley sand is a water bearer and has a thickness of 400 feet in
southern Tennessee.

TERTIARY.

The Tertiary rocks outerop in the extreme southeast corner of the
State, where they fill the cld valley «f Mississippi River.

Porters Creek formation.—Lying above the Ripley sand of the
Cretaceous, as already described, is the Porters Creek formation—
probably of Eocene age. This consists of a loose, green sand or clay
at the base, with scattered beds from 1 to 4 feet thick of indu-
rated calcareous green sand or impure limestone, and a few layers
of fine micaceous sandstone. The clay is usually dark when wet



i

TERTIARY AND QUATERNARY ROCKS. 25

and a light gray when dry. Safford gives its thickness as from
200 to 300 feet in Tennessee. Glenn states that it is not there a
bearer of good water. It forms, however, an impervious layer over
the waters of the Ripley sand. It has been identified in Missouri
wells at but one point. It was reached in the Morehouse well at a
depth of 248 feet, where is consisted of 197 feet of bluish gumbo.

Lagrange formation.—Overlying the Porters Creek formation is the
Lagrange formation. This consists of great masses of loose sand
intercalated with beds or lenses of blue clay. It varies greatly in
thickness, being 963 feet at Memphis, Tenn.; 785 at Campbell; 740
at Hickman, Ky.; 542 at Caruthersville, and over 200 feet at More-
house. The only fossils found are imperfect leaf impressions. Those
in the lower beds are believed to be Eocene, while those in the upper
are probably Pliocene. Authorities are, however, inclined to con-
sider this as one formation. It includes the Lagrange and Bluff of
Safford. It is the great water reservoir for the artesian and deep
wells of this distriet.

Lafayette gravel.—Above the Lagrange rests the thin bed of the
Lafayette. This varies from 10 to 60 feet in thickness. Along the
bluffs of the larger streams a basal deposit of cemented gravel is
found. This conglomerate is made up of rounded, waterworn, and
polished chert pebbles which are apparently glazed with a yellow
iron stain. Percolating waters charged with iron have cemented
these pebbles near the rivers into a hard ferruginous conglomerate.
Small chalybeate springs are not uncommon along this deposit.
Away from the larger streams the gravel is less abundant, not
cemented, and gradually merges into an orange-colored sand and
irregular deposits of clay. This is the equivalent of Saffords Bluff
eravel and, in part, of his Orange sand.

QUATERNARY.

Columbia clay.—Upon the Lafayette gravel rests the Columbia, at
the base of which, along the bluffs, is usually found from 10 to 15 feet
of sand and gravel. Above this deposit is from 20 to 60 feet of loess,
which is in turn overlain by a varying amount of loam. Crowleys
Ridge and its continuation, Benton Ridge, show fine sections of the
Columbia and Lafayette. '

Alluvium, ete—Irregularly distributed over the flood plain of the
Mississippi are later deposits than the Columbia—the Recent allu-
vium, which overlies the Columbia clay, and large patches of sand,
of varying thickness, which has all the structural and microscopical
characteristics of the Lagrange formation, and has probably been
thrown up through the fissures caused by the New Madrid earthquake.
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GEOLOGIC HISTORY.

Before closing this section, a brief outline of the geologic history
of the State should be given, as that history is of considerable impor-
tance in its bearing on the location of artesian areas, the varying
chemical composition of the waters, and a more complete understand-
ing of the many and varied topographic and geologic features.
While it is not possible, in all cases, to give the correct sequence of
events, and while some conclusions may be modified by wider study
of this region, it seems desirable to present an outline that is sus-
tained by the facts now available. Winslow, Broadhead, and Buck-
ley have each given such a history in brief, and they have been
freely consulted in the preparation of this sketch.

ARCHEAN.

During Archean time a large part of Missouri and extensive por-
tions of the continent to the north and south of this State were dry
land. It is impossible, at present, to outline the extent of this area.
The erosion must have been great and the time long, to have sufficed
for the accumulations of the succeeding age. The few isolated peaks
in the St. Francis Mountains are all that is left to-day of this original
land area in Missouri. It is doubtful if there are any Algonkian rocks
in this State. A general submergence of a large part of the area
brought in the Cambrian.

CAMBRIAN AND CAMBRO-ORDOVICIAN.

These ages are represented by coarse sandstones and conglomer-
ates forming narrow fringes around the small islands now represented
by the Archean outcrops in the St. Francis Mountains. These shore
deposits were, at first, largely of fragmental origin, but in the quieter
waters around the archipelago alternating deposits of limestones
and sandstones, indicatine periods of elevation and depression, with
occasional erosion intervals, were laid down. It is probable that
the nucleus of this varying land surface was an area around the St.
Francis Mountains. It is generally believed that at the close of the
deposition of the Jefferson City limestone a large area was elevated
and a somewhat extended erosion period began. This was followed
by a submergence, during which the St. Peter sandstone was laid
down. It is doubted, by many, whether this submergence extended
over the whole of what now constitutes the Ozarks or not. - At any
rate, the St. Peter sandstone practically surrounds the Ozarks in
Missouri; but whether it covered the larger portion and has been
subsequently removed by erosion or whether it formed only an off-.
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shore deposit around Ozarkia® is a question that, with the data now
obtainable, can not yet be decided. A considerable elevation took
place just preceding the Ordovician period.

"ORDOVICIAN.

There is also a doubt as to the former extension of the “Trenton”’
and other typical Ordovician rocks in the Ozarks. Like the St. Peter
sandstone, they may have been deposited over a much larger area,
from which they were removed by subsequent erosion, or their limits
may always have been, practically, what they are to-day. The
determination by Ulrich of a small patch of cherty Maquoketa
shale in Camden County, far in the interior of the Ozarks, would indi-
cate a wider distribution of at least the latest of the Ordovician
formations than has heretofore been supposed. There is strong
evidence that south of Missouri River there was a very large land
area during the most of Ordovician time. Small deposits of this
age are found east of the St. Francis Mountains and along Mississippi
River northward toward Iowa. They also extend, to a limited
degree, along an embayment now occupied by Missouri River.

SILURIAN AND DEVONIAN.

With slight modifications, the conditions prevailing during the
Ordovician continued through the whole of Silurian and the greater
part of Devonian time. Toward the close of the Devonian a gradual
embayment of Ozarkia set in that culminated in the early part of the
Carboniferous. Silurian deposits occur only-along the Mississippi
in Perry and Cape Girardeau counties. Devonian sediments are
also but sparingly represented in the State. Thin beds of Devonian
limestone and shale are found north of St. Louis and along Missouri
River, while local deposits of the blue Chattanooga shale have been
noted on the southwestern flanks of the Ozark uplift. -

CARBONIFEROUS.

The close of the Devonian was marked by a considerable depression
west of the Mississippi in the northern part of the State and along the
slopes of the Ozarks to the west. The ocean invaded the Ozarks,
forming a considerable embayment in what is now Green County,
penetrating the western slopes so as to form many patches lying
unconformably on the Cambro-Ordovician. This subsidence was

a The term * Ozarkia’’ is a convenient name proposed by Ulrich (Prof. Paper, U. 8. Geol. Survey
No. 21, 1904, p. 111) for the ancient land mass that at various times during the Paleozoic era formed a
large island or groups of small islands in the area of southern Missouri and northern Arkansas now

" exposing the Cambrian and Cambro-Ordovician rocks. In a measure, the term is an alternative for
“* Ozark uplift,” ** Ozark dome,”’or ** Ozark Island.”
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rapid at first, during which time deposits of coarse material, such
as the “Phelps” and Hannibal sandstones and shales and the impure
Chouteau ljmestones, were laid down. The depauperate forms of the
Hannibal and Chouteau fossils indicate rather impure water, pos-
sibly brackish in places. This condition was followed by steady
depression and by deeper and purer waters and the deposition, suc-
cessively, of the Burlington and Keokuk in the southwest, west, and
northwest; to the east and northeast these were followed, in turn,
by the Warsaw, Spergen, St. Louis, Ste. Genevieve, and other lime-
stones of the Mississippian. Most of these heavy beds of limestone
are rich with fossil forms. From the fact that small patches of the
Burlington, together with its chert, are found scattered as far east as
Texas and Howell counties, it is probable that the Springfield embay-
ment reached these points. The greater part of the Ozarks has
remained above water since Burlington time.

Toward the close of the Mississippian the great ocean floor to the
west was slowly elevated, becoming a nearly level area, covered with
marshes and estuaries. This movement was apparently accom-
panied by a slight depression in the region now included in Miller
and Morgan counties, which permitted the formation of the coal
pockets now found lying uncomformably in erosion basins on the
Cambro-Ordovician rocks. Along this low-lying land, in old basins
and estuaries, conditions were favorable for the development of
great swamps in which were accumulated the extensive deposits
of coal characteristic of the Pennsylvanian period. It was during
this depression that some of the great rivers which drained the
Ozarks were filled up by sands and gravels. Where the rivers
emptied into estuaries, large deposits of conglomerates are found, as
is well illustrated by the ancient Schoolcraft River, which extended
from Arkansas through Stone, Christian, Greene, and Polk coun-
ties, and in which the Graydon sandstone and conglomerate were
laid down. That the extent of the Pennsylvanian rocks was greater
than at present is shown by the number of outliers in the form of
coal pockets scattered over the adjoining counties and resting uncon-
formably upon other terranes.

This period, while one of gentle oscillations, was yet, on the whole,
one of steady depression, being characterized by the deposition of
thick alternating beds of limestones, shales, and sandstones.

The close of the Paleozoic, which was brought about in the East
by the Appalachian revolution, was manifestéd in Missouri by a
bulging up of the Ozarks, a great dome, or quaquaversal fold, being
thereby formed.

MESOZOIC.

With the exception of the small deposit of Ripley sands in the
Mississippi embayment, reached by deep drilled wells, the Mesozoic,
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which followed " the Carboniferous, has no representative in this
State. It was probably a period of erosion and land sculpturing. .

TERTIARY.

During the early Tertiary the Lafayette (Winoka) gravel, which is
represented in scattered patches high up above the present river
courses, was deposited. These gravels mark the outline of early Ter-
tiary drainage systems. The elevation of the great Mesozoic deposits
west and southwest of Missouri extended into this State, changing the
direction of the drainage systems and developing, probably for the
first time, Missouri River, the source of which seems to have been not
far beyond the northern boundary of the State.

QUATERNARY.

During Pleistocene time the northern part of the State, approxi-
mately bounded by Missouri River, was covered with the drift of the
Pleistocene, which, in some places, reached a thickness of nearly
300 feet. The general southward movement of the ice sheet greatly
modified the surface of this part of the State, eroding large areas and
filling up old channels. Since Pleistocene time this area has been
subjected to the erosive action of the elements. Deep valleys have
been formed and the more porous rocks have been honeycombed by
numerous channels, forming underground streams and the outlets of
the great springs which characterize this State.

DESCRIPTIONS OF GEOLOGIC SECTIONS.
' S8ECTION FROM GLENWOOD, IOWA, TO BRUNSWICK, MO.

Well sections in the northwestern part of the State show a deep
depression or trough extending in a southwesterly direction from
Towa through Missouri and into Kansas. Section 1 (Pl IV) is taken
approximately at right angles to this depression in order to show the
development of the trough. Norton® gives the following record of
the well at Glenwood, Iowa, 2,000 feet deep:

Summary of log of well at Glenwood, Towa.

\Thickness. Depth.
Feet. “ Feet.
175
845
1,235
1,465
1,600
2,000
2,000

a Norton, W. H., Artesian wells of Towa: Geol. Survey lowa, vol. 6, 1897, p. 347.
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Well No. 1 of the Nodaway Valley Oil, Gas and Mineral Company,
at Burlington Junction, Nodaway County, 1,903 feet deep, has the
following record:

Summary of log of well at Burlington Junction.

Thickness. “ Depth.

|

|

| Feet ‘ Feet.
Plelstocene .. ... ... et eaaans 687 68?7
Missouri. . | 910 978
Des Moine | 722 1,700
Mississippian I 186 1,886

|

This well was sunk for oil.

A diamond-drill well, sunk to a depth of 500 feet at Gentryville,
Gentry County, struck a bed of coal 26 inches thick at a depth of 477
feet. At the farm of G. H. Lawson, near Utica,? Livingston County,
a well was sunk to a depth of 421 feet, at which point Mississippian
limestone was struck. In a well on the farm of John R. Williams,
south of Dawn, in the same county, the Mississippian was reached at
433 feet.

At Chillicothe, just north of the two points last named and in the
same county, the following section was obtained; probably the same
rocks might also be found at Utica and Dawn:

Summary of log of well at Challicothe.

1
‘ Thickness.| Depth.
Feet. Feet.
Pleistocene. ... ... .o e 56 56
Des MoOimes . . . i 425 481

Miss'ssippian, Devonian, and Silarian. ... .. . ... ... ... ‘ 509 890

There is, probably, 100 feet of St. Peter sandstone at the bottom of
this well.

The well at the creamery near Hale, Carroll County, passed through
290 feet of Des Moines and 40 feet of Mississippian, giving a depth of
330 feet. :

At the C. W. Nuss well, at Tina, Carroll County, the following sec-
tion was obtained: ’

Summary of log of well at Tina.

Thickness.| Depth.

Feet. Feet.
Ple'stocene. ....._..... ...l e 40 40
DeR MOITIOS . L oottt et e e e ieeaaaaan 345 385
Ass ssippian.. ... i 290+ 675

a Data in regard to the wells at Ut'ca, Dawn, Hale, and T.na were obtained through the courtesy of
Mr. R. Hawkins, of Chill:cothe, to whom the wr.ter is indebted for a large amount of information cons
cerning the wells of the northern part of the State.
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At Brunswick, Chariton County, a drill hole was sunk to a depth
of 1,505 feet: Unfortunately the record is not obtainable, but it is
said that 130 feet of Des Moines was passed through. The water
began to flow at 1,400 feet and continued to flow at a decreasing
rate for several years, until it finally stopped.

A study of section 1 in connection with the map of the State
showing the locations of the artesian wells (Pl. I) shows that condi-
tions favorable for flowing wells are found along the eastern slope of
the trough extending southwestward from Iowa, as previously men- .
tioned, at points where the elevation of the surface is not greater
than 725 feet. As the surface of the country rises to the northwest, -
this northeast-southwest belt has a somewhat limited extent. Nearly
all wells in this belt that penetrate to the base of the Des Moines—
i. e., through the sandstone at the base of the Cherokee shale—have
an abundant supply of water under sufficient pressure to force it to
the surface. The water from this horizon is rather saline, running
from 300 to 500 grains of salt to the United States gallon. Mr.
Hawkins states that this saline water is used extensively by stock
raisers, who believe it to be well adapted to their needs.

Water from the sandstone beds in the Missouri group, as well as
from other porous beds in the Des Moines, is much more saline, and
in many cases contains iron and other salts. It is probable that
wells extended down to the St. Peter sandstone in this artesian belt
would yield much purer water.

SECTION FROM KANSAS CITY TO LEBANON.

Section 2 (PL. IV) shows the continuation of the trough appearing
in section 1 and the western slopes of the Ozarks.

Broadhead?® describes a diamond-drill well at Kansas City, which
was sunk to a depth of 758 feet in the bottoms not far from the
union railway station. The following summary is taken from the
log of that well:

Summary of log of well at Kansas City.

i Thickness.| Depth.

Feet. Feet.
PleiStocene. . . .. 37 37
Des MOINeS | oot e i 708 745
Mississippian....... G 13+ 758

Section 2 shows the northeast-southwest trend of the Towa syneline
described under scetion 1. It also shows the axis of the syncline to
be some distance to the west,in Kansas. Winslow ? describes a deep-
well section at Raytown, Jackson County, southeast of Kansas City.

o Broadhead, G. C., Preliminary report on iron ores and coal fields . . . 1872, pt. 2, Missouri Geol.
Survey, 1873, p. 86.
b Winslow, Arthur, Geologie history of Missouri: Am. Geologist,, vol. 15, 1895, p. 85.
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He says: ‘““Here the base of the Paleozoic rocks was reached at a
depth of 2,430 feet, and below this 36 feet of crystalline rocks were
penetrated. A specimen of this core, examined by the writer, is a
highly micaceous schist composed almost entirely of black mica. It
is different from any rocks found in the Archean of the Southwest,
and is more like rock elsewhere referred to the Algonkian.” 1t is
greatly to be regretted that Doctor Winslow did not give the full
record of this well, as it is now unobtainable.

A deep drill hole at Pleasant Hill shows the top of the Mississippian
at 530 feet. These rocks outcrop near the western edge of Benton
County. At Decaturville, about 14 miles north of a point near
Eldredge on section 2, pegmatite granite outerops, and a study of the
strata in that district shows that it is quite probable that the crys-
talline rocks reach an altitude of about 750 feet above sea level. A
portion of the Decaturville quaquaversal is well shown in section 2,
for at the deep well at Lebanon the following section is obtained:

Swmmary of log of well at Lebanon.

Thickness. | Depth.

Jefferson City lmestone. .. ... o ittt c e aaaan 427 427
Roubidoux sandstone and Gasconade limestone..... . ... ... ... ... ... ... 580 1.007

SECTION FROM ST. JOSEPH TO VERSAILLES.

The Mississippian was reached in a well near St. Joseph at a depth
of 1,250 feet. The same rocks were struck at Orric at a depth of 545
feet. At Higginsville the following general section has been obtained
from the deep well of the Higginsville Prospecting Company:

Summary of log of well at Higginsville.

Thickness.| Depth.
Feet. Feet
Pleistocene 68 68
Des Moines 302 370
Keokuk..... .. 87 457
Burlington 63 520
Kinderhook - 195 715
BT eY YT 1 T () T 55 770
Cambro-Ordovician... ... e e 743 1,513

The following section was obtained from the waterworks well
about 3 miles south of Sedalia and about 100 feet lower than the city:

Summary of log of waterworks well near Sedalia.

Thickness.| Depth.

Botsom of M ssssppan........... Y P 226
Devonian (7). .. .. i 23 249
Cambro-Ordovician . ... ... i it aaeaea e 1,151 1,400
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In section 3 (Pl. IV) the waterworks-well section is combined with
that of a deep well about a mile to the northwest in which, according
to the statement of the driller, white sandstone was struck at a depth
of 1,000 feet and continued to the bottom of the well, a distance of
1,612 feet.

The various horizons down to the Jefferson City limestone outcrop
successively toward the town of Versailles, which stands near the
crest of an anticlinal fold, the strata having an eastward dip to the
east of the town.

Section 3 crosses over the synclinal trough outlined in the sections 1
and 2. It also illustrates artesian conditions along the western slope
of the Ozark Island.

SECTION FROM FOREST CITY TO ST. LOUIS.

At Forest City, Holt County, a diamond-drill hole was sunk to the
depth of 2,400 feet, and the writer is indebted to Dr. E. R. Buckley
for the carefully prepared record which he made from the core. The
complete log of this well, together with those of other wells mentioned
in the description of the cross sections, is given in another part of
this report. The summary is as follows:

Summary of log of well at Forest City.

Thickness. " Depth.

|
Feet. | Feet.
64 64

Pleistocene. . ...

Missouri. ........ 866 930
Des Moines.. . . 690 1,620
Mississippi an. 293 1,913
Devon.an (‘?) . . 128 2,041
1 Lo T T 1 P 359+ 2,400+

In an oil prospect hole on the farm of Robert Davis, 3 miles north-
west of Braymer, Caldwell County, the Mississippian is reported to
have been struck at 650 feet and the St. Peter sandstone at 1,250 feet.
A complete record was not preserved.

At Brunswick, Chariton County, the Mississippian was reached at
180 feet. This shows the steady dip of the Pennsylvanian over the
Mississippian floor to the northwest. From this peint to Mexico the
crest of the Ozark Island is nearty level. At Higbee the Mississippian
is reached at a depthi of 240 feet. At Mexico the following section is

obtained:
Summary of log of well at Mexico.

‘Thickness } Depth.
l

Pleistocene. .. ..o iiiiiiieiieeieeeaaaas 15 15
Des Moines........... 145 160
Mississippian F 405 565
Devonian. ... ...t 65 630
Ordovician and Cambro- Ordovnman 395 1,025
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The St. Peter sandstone, 10 feet thick, was struck at 670 feet. The
Des Moines comes to the surface a few miles east of Wellsville.

In Warren County the St. Peter sandstone is reached at a depth of
390 feet. Thence it dips strongly along the east edge of Ozarkia and
is struck at a depth of 1,580 feet in the insane asylum well at St.
Louis, where it reaches a thickness of about 133 feet. At the Belcher
well in St. Louis it is reached at a depth of 1,500 feet and is 135 feet
thick. In St. Louis County is a small patch of Pennsylvanian, which
is 80 feet thick in the insane asylum well, and is not found in the
Belcher well.

Section 4 (Pl. IV) shows the synclinal trough of the Pennsylvanian

_in the northwestern part of the State, the approximate contour of
Ozarkia, and the St. Louis basin.

SECTION FROM ARCADIA, KANS., TO MEMPHIS, TENN.

Section 5 (Pl. 1V) is made from the profile of the St. Louis and San
Francisco Railroad and illustrates the dip of the Pennsylvanian to the
west; one of the culminating points of the Ozarks, at Cedar Gap (the
highest point reached by any railroad in the State); a general outline
and cross section of Ozarkia in the southern part of the State; and the
old Mississippi estuary from Black Rock, Ark., through to Memphis.,
Section 5 also shows Crowleys Ridge, the marked topographic promi-
nence which is a most striking feature of the broad alluvial plain of
the Mississippi and which extends from eastern Arkansas through a
point south of Cape Girardeau in Missouri. This ridge is an erosion
rempant of the vast Quaternary deposits that have been removed
from this region, the Mississippi having flowed through the basin to
the west previous to its capture by the Ohio, as already described
(p- 10). The rxdge is over 100 feet high throughout most of its
length and of varying width.

Various mine sections and prospect drill holes in Barton County
show a varying thickness of the Pennsylvanian averaging about 200
feet, the westerly dip bringing the Mississippian to the surface a little
west of Golden City. At Ash Grove the Devonian is reached at a
depth of 250 feet,-and a sandstone, believed to be the St. Peter sand-
stone, at a depth of 275 feet. At Springfield several wells, drilled
within a few hundred feet of each other, show the supposed St. Peter
sandstone at an average depth of 320 feet. At Cedar Gap this sand-
stone is only slightly exposed in the sides of the ravines, and the coun-
try is capped by thin patches of the Mississippian. At Thayer the
lower part of the Jefferson City limestone is well developed. The dip
from Cedar Gap is generally to the southeast, and in the vicinity of
Black Rock, Ark., the upper part of the Jefferson City limestone is the
surface rock except at the tops of some of the highest hills, which are
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cai;ped with St. Peter sandstone. Mr. William B. Johnson gives the
following sectiont at Marked Tree, Ark.:

Section at Marked Tree, Ark.

Thickness. | Depth.
Feet. | Feet.
- Lafayette sand. . ... ... 220 220
Lagrange formation. .. .. .. ee e 178+ 398+

SECTION FROM DONIPHAN, MO., TO HICKMAN, KY.

Doniphan is underlain by the Jefferson City limestone. The record
of a deep well which was sunk there a few years ago has, unfortunately,
been lost. The Jefferson City limestone extends about 18 miles east-
ward to the Mississippi embayment. Crowleys Ridge is crossed by
section 6 (PL IV) at a point where its elevation reaches about 300 feet.
At New Madrid a well 295 feet deep goes for some distance into the
Lagrange formation. .

Prof. L. C. Glenn, of Nashville, Tenn., has kindly furnished the log
of the Hickman well, with the following correlations:

Summary of log of well at Hickman, Ky.

Thickness. | Depth.

Feet. Feet.
0 804 80
Lafayette 10 90
Lagrange 740+ 830+

Section 6 gives, approximately, the Mississippi embayment and a
cross section of Crowleys Ridge at one of its highest points.

SECTION FROM DONIPHAN, MO., TO CAIRO, ILL.

The Jefferson City limestone extends from Doniphan to Poplar
Bluff, where the old Mississippi embayment begins. Section 7 (P1. V)
illustrates the shallower northern contour of the Mississippi embay-
ment. The following section and correlation at Morehouse are given
by Professor Glenn:

Summary of log of well at Morehouse.

Thickness. | Depth.

Feet. Feet.
30

Clay (probably alluvial} 30
Coarse sand (?). 110 140
Gravel.......... 10 150
Lagrange............ .. 98 248
Porters Creek (Tertiary) ... ... ..o ooe i e e e 218 466
Ripley (Cretaceous) . . ... ... ..o iiiiaias 224 690

Mississippian limestone (?) .. .. .. oot e 90 780




36 UNDERGROUND WATERS OF MISSOURL

At Cairo, IIl., the correlation of a record furnished by Mr. Otto
Kochtitzky, of Cape Girardeau, furnished the following summary:

Summary of loy of well at Cairo, Ill.

Thickness. | Depth.

Feet. Feet.
Loess 50
B0 ¢ O (P 59 100
Lagrange............ . 237 346
Porters Creek (Tertiary) . . ... oi et e 187 © 533
Ripley sands (Cretaceous) .. ... ......._... ... ....... e e 45 578
Mississippian limestone (?). ... ..o i 276 854

SECTION FROM PLEASANT HILL TO LOUISIANA.

Section 8 (PL. V) is drawn not only to illustrate the western dip
of the. Pennsylvanian toward the St. Joseph synecline, but also the
irregularity of the northwestern border of Czarkia; the development
of the northeastern anticline which has turned the course of Missouri
River in Saline County to the north; the synclinal basin in Saline
and Howard counties, which is shown on page 81 to be the proba-
ble cause of the saline waters of that district; and the eastern slope
of the Ozark Island, which forms a part of the synclinal valley of
the Mississippi at Louisiana.

Between Fayette and Louisiana no well records could be obtained,
and except in regard to the outcerop of the different formations, sec-
tion 8 is somewhat theoretical.

At Pleasant Hill, as already stated, a drill well struck the Missis-
sippian at 530 feet.

The record of the fair grounds artesian well at Sweet Springs,
1,074 feet deep, furnishes the following summary:

Summary of log of well at Sweet Springs fair grounds.

} Thickness. | Depth.

Feet. Feet.
2

PleisStoCene. . . ...t e eeeiaeeiaaeaas 20 29
B BT ET 'Y 0 3 R 326 355
Devonian and Camhbro-Ordovician.. ... ... ... il 719 1,074

The St. Peter sandstone was reached at a depth of 549 feet and
had a thickness of 67 feet. It outcrops near Missouri River, which
cuts across the anticline after having been deflected some distance
to the north.
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The old deep well at Boonslick, near Boonesboro, Howard County,
has the following section: «

Summary of log of well at Boonslick.

T
Thickness.| Depth.

- Fect. Feet.
B 5 F 0T 5 3 22 22
Des Moines..._............... F 68 90
Mississippian . .. 216 306
Devonian and Cambro-Ordovician 696 1,002

The St. Peter sandstone was probably reached at 607 feet and
had a thickness of 101 feet.

At Fayette, Howard County, the artesian well shows 135 feet of
Pleistocene and 599 feet of Des Moines and passes 271 feet into the
Mississippian. Section 8 shows a very strong dip of the Mississip-
pian rocks to the east, with a steady rise north of Fayette, where
they reaeh the surface near North Fork of Salt River, on the line of
this section. This interesting basin is referred to further in the dis-
cussion of the salt waters of Saline and Howard counties (pp. 81-82).

At Louisiana, Pike County, the Thespian artesian well, 1,350 feet
deep, strikes the St. Peter sandstone at 600 feet.

SECTION FROM HIGGINSVILLE TO HANNIBAL.

Section 9 (Pl V) is given tentatively, being one of the most diffi-
cult to correlate, and only a possible development of the horizons
is outlined. The section runs through Higginsville, Malta Bend,
Moberly, Rensselaer, and Hannibal. It shows the general dip of
the strata to the west from Moberly to Rensselaer and a sharp anti-
clinal axis of Cambrian rocks at Rensselaer. Considerable disturb-
ance and some faulting have also been noted at this point. These
can not be indicated in the section. The abrupt eastern slope of the
Mississippi syncline is shown between Rensselaer and Hannibal, and
on each side of Rensselaer the Devonian and Ordovician rocks are
indicated. The Devonian probably extends entirely through the
section. The Ordovician rocks thin out between Moberly and Malta
Bend, apparently not being represented in the Malta Bend record.

aThe writer is indehted to Prof. J. W Xilpatrick, of Fayvette, and Prof. A. F. Hendrix, of Law-
rence, Kanas., for this section and for the Fayette section on p. 83.

.
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The log of the deep well of the Higginsville Prosﬁecting Company,
furnished by Mr. J. H. Burgan, of Higginsville, gives the following
sammary :

Summary of log of well at Higginsville.

Thickness. | Depth.

Feet. Feet.

Pleistocene. . . ... i 68 | 68
Des Moines.. . 302 370
M]SSlsSlpp[an e 345 715
Devonian.................. ...l - S 55 770
Ordovician and Cambro-Ordovician .. .... ... oottt 743 1,513

The St. Peter sandstone, 150 feet thick, was struck at the depth
of 1,071 feet. '
The deep artesian well at Malta Bend gives the following partial
summary:
Summary of log of well at Malta Bend.

[ Thicknesa. 1\ Depth.

Feet. ‘ Feet.
Pleistocene. . . ... . il el 119 } 119
Des Moines (record mcomplete) ................................................. 2304 3494
MiSsissippian (record ineomplete). . .. ... ... ... ...l .iiiieeiiiiiiiiii. 300-- 6494
Devonian (record inecomplete) . ... .. ... il 2003 849+

The St. Peter sandstone was struck at 900 feet and was 30 feet
thick.

A portion of this record was given from memory by some of the
drillers and is, probably, only approximately correct. The well is
1,300 feet deep. It has bheen impossible to obtain the complete
record.

SECTION FROM MOBERLY SOUTHWEST TO NEVADA, THENCE SOUTH TO
CARTHAGE AND EAST TO SPRINGFIELD.

Section 10 (Pl. V) shows the synclinal basin in Howard County,
crossing over a portion of Ozarkia from Boonesboro to Clinton, show-
ing the coal basins at Rockville, just south of Nevada, and again
touching Ozarkia at Carthage and Springfield. It is also given for the
purpose of showing the continuation of the St. Peter sandstone from
Hannibal and Louisiana, on the Mississippi, westward to Fayette
and around the Ozark Island on the west and south of this section tq
Springfield. It further demonstrates the thinning out of the Ordo-
vician all around the Ozarks. The Ordovician rocks seem to be well
developed at Macon, Moberly, and Higginsville, in an outer ring
around Ozarkia; but on the slopes of the uplift they thin and abruptly
disappear. This is well shown in sections 9 and 10. The Ordovician
system seems also to be well developed aloncr the west side of the
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Ozark Island and northward into Iowa. 1t evidently once formed a
penumbral margin around this elevation.

The record of the well at Moberly, 1,170 feet deep, submitted
through the courtesy of Mr. W. H. Jones, of that city, gives the fol-
lowing summary:

Summary of loy of well at Moberly.

Thickness.| Depth.

|
Feet. ! Feet.

Pleistocene. . .. e 38 38
Des Moines. ... 89 127
Mississippian. . E. 390 517
Devoman......_........ ... . 68 585
Silurian (Niagara)..._..... 95 6380
Ordovician................. eees . 365 1,045
Cambro-Ordovician 655 1,700

The correlations in this record are based on McGee's summary of
the formations found in the deep well at Macon, Macon County, a few
miles north of Moberly.®

The same basin structure is shown in section 10 as was shown in
section 8—a fact that is discussed further in the study of the saline
waters of Howard and Saline counties (pp. 81-82).

The Fayette and Boonesboro wells have already been described
(p. 37).

The well section at Sedalia is made by combining the records of
two wells situated about a mile apart:

Summary of logs of wells at Sedaliu.

‘ Thickness. l Depth.

Cambrian or Archean

Feet. Feet.
Mississippian.... | 22 226
Devonian...... 23 249
Cambro-Ordovician + 1,151 ,400

The St. Peter sandstone is found at a depth of 289 feet, and is 40
feet thick.
From Sedalia to Clinton the horizons are fairly uniform. At

Clinton the following section was procured through the courtesy of
Dr. J. H. Britts:

Summary of log of well at Clinton.

Cambro-Ordovician

|

‘ Thickness. | Depth.

i Feet. Feet.
Des MOIIeS . ..ttt 40 40
Mississippian. . 4 150 + 190
DevOnian. .. ... ... + 40 + 230

a McGee, W J, Geology of Macon County: Trans. St. Louis Acad. Sci., vol. 5, No. 1, 1888, p. 327.
IRR 195—07 -4




40 UNDERGROUND WATERS OF MISSOURI.

The St. Peter sandstone is 20 feet thick and was encountered at a
depth of 290 feet.

From Clinton to Nevada, as indicated by the very imperfect record
of a deep well at Rockville, there is a sag in the strata and a thickening
up of the St. Peter sandstone.

The record of the Nevada deep well is very incomplete and difficult
to correlate. A thickness of 170 feet of Des Moines is noted, and the
St. Peter sandstone, 93 feet thick, is reached at a depth of 775 feet.
About 9 miles south of Nevada an oil prospect well was put down to
a depth of 1,447 feet. The imperfectly kept record of this well shows
the existence of another slight synclinal trough, and a thickening up
of the Des Moines to 294 feet. The St. Peter sandstone was reached
at 907 feet, with a probable thickness of 100 feet. From this point
southward, the Des Moines rapidly rises, the hase reaching the surface
beyond Lamar.

Winslow ¢ gives an approximate section of a drill hole 2,005 feet
deep at Carthage. 1t is unfortunate that his description is so incom-
plete as to render it impossible to correlate the section. The sum-
mary would be about as follows:

Probable summary of log of drill hole at C'arthage.

Thickness. | Depth,

| Feet. Feet.
BB ER Ty ST 0 0 o) 5 T e 400 400
Devonian. ... e 50 450
Cambrian and Cambrc-Ordovician. ... ... ... ... ... 1,300 1,750
Archean (POIDNYTY) -« .o ' 255 2,005

The St. Peter sandstone was reached at a depth of 560 feet, and
was about 85 feet thick.

The traveler going northward from Carthage to Springfield passes
up the slope of the Ozarks. Several imperfect well records show a
steady dip upward on this slope. At Springfield the combined
records of several adjacent wells give the following general summary:

Summary of logs of wells at S prinyfield.

Thickness. | Depth.

Feel. Feet.
B AT T 1) o) o 300 300
DeVONIAN. | . e it 40 340
Cambro-Ordovician. .. ... ..........__. I 660 1,000

The supposed St. Peter sandstone was reached at a depth of 350
feet, and has a thickness of 16 feet.

o Winslow, Arthur, Lead and zinc deposits, pt. 2: Missouri Geol. Survey, vol. 7, 1894, p. 405.
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SECTION FROM PACIFIC, MO., TO GREENVILLE, ILL.

The log of the insane asylum well at St. Louis, one of the best
records to be found in the State, gives the following summary:

Summary of log of well at insane asylum, St. Louis.

Thickness. | Depth.

PleiStOCENe . . . e e 40 40
Des Moines. ... 80 120
Mississippian.. . . . 763 883
Ordovician.............__._.._.._._. . . 421 1,304
Cambrian and Cambro-Ordovician 2,254 3,558
728 (3 (1 ¢ 285 3,843

The St. Peter sandstone was struck at 1,452 feet, and was 133
feet thick.

Section 11 (Pl. V) follows, from Pacific, the line of the Missouri
Pacific Railway to St. Louis. At Pacific the St. Peter sandstone
outerops in the bluff, thus having the great dip of 1,452 feet in about
30 miles.

The different formations above this sandstone outerop, successively,
between Pacific and St. Louis, and are very well correlated in the
Belcher well, situated on the bank of Mississippi River in the city
of St. Louis, about 6 miles east of the insane asylumn well.

Across the river, toward Caseyville and as far as Greenville, IlI.,
on an easterly line, the Mississippian and Pennsylvanian successively
outcrop under the loess, dipping gently to the east. The structural
conditions of the beds between Mississippi River at St. Louis and
Caseyville, Ill., are only conjectural. There may be a low anticline,
or there may be faults. The Mound City well section would indicate
a gentle dip to the east as more probable. As no well sections from
this area are available, the existence of a low anticline can only be
-assumed.

At Godfrey, T11., a few miles to the northeast of section 11, a well
was sunk to a depth of 1,703 feet, in which St. Peter sandstone was
struck at 1,625 feet. The writer is indebted for this section to Mr.
D. W. Maxfield, of Monticello Seminary.

SECTION FROM KEOKUK, IOWA, TO ST. LOUIS, MO.

A summary of the formations in the well of the Keokuk Poultry
Company, at Keokuk, Towa, is taken from Norton's Artesian Wells
of Towa.?

a Broadhead, G. €., Trans. St. Louis Acad. Sci., vol. 3, No. 2, 1878, p. 219,
b Iowa Geol. Survey, vol. 6, 1897, p. 235.
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Summary of log of well at Keokuk, Iowa.

Thickness.| Depth.
Feet. Feet.

Pleistocene. .. ... i i e

KeokuK. .. i .- 130 135
Montrose cherts (Mississippian) .............. .. .. N 30 165
Burlington, upper part of (Mississippian) ....._. - 22 187
Burlington, lower part of (Mississippian) ....... 103 290
Kinderhook (Mississippian) . R 206 496
Devonian. ... .. ..o oo P 85 581
Silurian. ..o iiiiiiiiiiiiiiiia e eeiieieaoan 120 701

The St. Peter sandstone, 110 feet thick, was struck at a depth of
1,050 feet in the Hubinger well, not far from the well of the Keokuk
Poultry Company. Norton estimates that this sandstone would be
struck in the latter well at 1,250 feet.

At Canton, Lewis County, an artesian well was sunk in 1890 to a
depth of 906 feet. The St. Peter sandstone was struck at 846 feet,
and drilling was stopped in this rock at 906 feet, showing a thickness
of 60+ feet. )

At Lagrange, in the same county, two artesian wells were sunk.
The Thomas well on the bluff at an altitude of 580 feet struck St.
Peter sandstone at 800 feet, and the Wyaconda at an altitude of 481
feet struck this rock at 700 feet, passing into it for 115 feet.

The well of Dr. A. Vernet, near Hannibal, Marion County, was sunk
to a depth of 1,340 feet. The record was furnished the writer by Mr.
R. Hawkins, of Chillicothe, and from it the following summary was

made:
Sumamnary of log of Vernet well, near Hannibal.

Pleistorene. - .ot iieiiaaaiiaaieeas
MiSSISSIPPIAI . - <o iiicaiaciioaiaas ..
Devonian (?), Silurian, and Ordovician to St. Peter sandstone..__..
St. Peter sandstone. . ... . . ... ..ol
Jefferson City limestone. . . ... .. ... o il -
Roubidoux sandstone. .. ... ... . . i ieiiiiiaeieieaans

At Louisiana, Pike County, the Thespian artesian well has a depth
of 1,350 feet. Unfortunately the record of this well has been lost,
but it is known that the St. Peter sandstone was struck at a depth of
600 feet.

From Louisiana southward to St. Louis the country is very much
broken and disturbed. The Cap au Grés fault crosses the river near
Winfield. As there are no well sections between Hannibal and St.
Louis only a theoretical outline of the geology can be shown in section
12 (P1. V). The St. Peter sandstone comes to the surface in Lincoln
County and then dips sharply to the south, being found in the insane
asylum well, as described on page 41, at a depth of 1,452 feet,
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East of Hannibal, at Barry, Ill., in a well 2,500 feet deep,* the St.
Peter sandstone was struck at 1,125 feet. The altitude of Barry is
617 feet and that of Hannibal 472 feet. The sandstone was struck at
Hannibal at 601 feet.

UNDERGROUND WATERS.
ARTESIAN DISTRICTS.

The State may be conveniently and somewhat arbitrarily divided
into the following ten districts: (1) The northeastern, (2) the north
central, (3) the south central, (4) the Decaturville dome, (5) the Clin-
ton-Nevada, (6) the southeastern, (7) the St. Louis basin, (8) the St.
Francis Mountains, (9) the southeastern swamp, (10) the drift.

NORTHEASTERN DISTRICT.

GENERAL ARTESIAN CONDITIONS.

The northeastern district includes the portions of the counties north
of St. Charles County that lie between Mississippi River and the ridge
a few miles to the west. The artesian wells obtain their flow from the
eastern slope of the northern extension of the Ozark uplift. In the
northeast corner of the State for some miles back from the river the
Des Moines group forms the country rock. Along the Mississippi
from the Iowa border nearly to Louisiana, Mo., and for some distance
inland farther south, Missouri rocks outerop. In the vicinity of
Louisiana a narrow belt of Silurian appears. The dip is strongly to
the east. The St. Peter sandstone rises steadily from Iowa toward
the south. In this district the drillers’ records are meager and poorly
kept. There are flowing wells at or near Canton and Lagrange,
Lewis County; Hannibal, Nelsonville, and Oakwood, Marion County;
Spalding, Ralls County; Louisiana, Pike County; and Troy, Lincoln
County.

Flowing artesian water in this district may be found in a narrow
belt extending from Keokuk probably to a point a little south of
Louisiana. The belt is limited because of the more or less abrupt
slope toward the river and the relative nearness of the crest of the
divide to the river valley, as shown in sections 8 and 9 (pp. 36-37).
The water is derived mainly from the St. Peter sandstone, which, so
far as can be learned,is the highest horizon yielding flowing water.
As a rule potable nonflowing water may be found at the base of the
Mississippian. It is not probable that water will rise to an altitude
of much over 600 feet in this district, and owing to the high elevation
of the towns along the divide it is questionable whether that will
be within proper pumping distance.

a Leverett, Frank, Seventeenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1896, p. 810.
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It is rather interesting to notice the general increase in mineral con-
stituents in the water southward from the Iowa line, as shown by the
following table:

Statistics of wells in northeastern district.

\ Total sol- | Sodium

Well Depth T;ﬁgﬁr— ids (parts | chloride

. (feet). (T per mil- | (parts per

i lion). " million).
Canton. .. ... e 906 60 385.76 266. 2497
Wyaconda . 850 60 373. 266 286. 834
Lagrange............. 800 61 395. 571 320. 607
Spalding............. .- 300 57 700. 3112 533.2613
LOUISIANA . - oottt e 1, 350 63.5 552. 2004 | 410.7212

Anincrease in the amount of the other mineral constituents as well as
of salt is noticed in these wells. Samples of St. Peter sandstone, pro-
cured from several shallow wells in Ralls County, show the presence of
minute disseminated grains of marcasite (iron pyrites)which will perhaps
account for the increasing amount of sulphureted hydrogen. The
catchment basin for the St. Peter sandstone is probably in Wisconsin,
the water flowing through Iowa and meeting with a gentle upward dip,
as noted in the sections, so that when it reaches Missouri it undoubt-
edly has its mineral constituents concentrated, as is indicated by the
foregoing table.

CLARK COUNTY.

KAHOKA.

The following is the log of one of three deep nonflowing wells at the
pickle plant of the Clark County Canning Company, Kahoka:

Log of Clark County Canning Company well, Kahoka.

Thickness. | Depth.
Pleistocene (157 feet): Feet. Feet.
GO - - L e 20 20
Yellow clay. 20 40
Sand............ .. 10 50
Blueclay........... ' 20 70
Grayelay.......... . 30 100
Yellowelay.......... . 40 140
Blue clay. .. B 10 150
F T I 7 157
Keokuk (131 feet):
Rock, shelly . . i 2 159
Solid Tock . . . il R 31 190
Limestone .. i R 10 200
Gray Hmestone ... .. it . 10 210
oA DSEOme e . 13 223
Water-bearing rock. ... ... ..o it . 11 234
6 240
16 256
2 258
12 270
18 288
22 310
5 315
45 360
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The first water was struck at a depth of 60 feet, and a still larger
body was encountered in the honeycombed limestone at a depth of 198
feet. The well was shot with dynamite at different depths, after
which it was cleaned out. Excellent water stands at 72 feet below
the surface.

The Kahoka city water supply is obtained from a well 509 feet deep.
Drilling was started in December, 1901, by George C. Morgan, of Chi-
cago, and the well was finished in March, 1902. The water, which is
wholesome, abundant, rather hard, and usually clear, rises within 90
feet of the surface or to the top of the rock, as the Pleistocene is 90
feet thick. A reservoir with a capacity of 75,000 gallons provides
water, with direct pressure, for city consumption. No log of this well
has been preserved, and no analysis has been made. The cost of the
well and pump was $3,000 and the supply of water is ample for the
needs of a city of 2,500 people.

LEWIS COUNTY.
CANTON.

At Canton a well is situated on the grounds of the Christian Uni-
versit'y, about 1 mile west of the river, at the summit of a picturesque
bluff. Its elevation is about 600 feet; depth, 900 feet; 6-inch casing
to 100 feet; temperature of water, 60°; of air, 80°; flow, 72 gallons
per minute; pressure, 12 pounds; date of completion, 1890; cost,
$1,812. The first water was struck at a depth of 90 feet, and rose
within about 10 feet of the top. At a depth of 870 feet, in the St.
Peter sandstone, a strong flow of water was struck, which had a gaged
pressure of 12 pounds. Mr. L. H. Condit, the postmaster at Canton,
superintended the drilling. He states that when the drill struck the
sandstone, which was spongy and water-logged, it went down sev-
eral feet. No record of the well was kept. Although this well is
located on the grounds of the Christian University, it was drilled at
the expense of the city under a lease for forty-nine years, and Messrs.
Griffith and Maggard, of the Aqua Vite Mineral Springs Company,
have sub-leased the right to ship the water for medicinal purposes.
The water possesses mildly laxative qualities. The well was origi-
nally put down by the city for fire protection, and its saline proper-
ties made it of especial value for this purpose, as fire once under
control by this water has little chance of reignition. Insurance
companies have recognized this fact and have cut their rates about
one-half for this town.

The water is used for all domestic purposes, except that of watering
lawns, and there are about 9 miles of mains. It is clear and spar-
kling, with a slight sulphur odor, and is strongly charged with sul-
phureted hydrogen. This well is interesting from the fact that its
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flow has steadily increased. When first tested it flowed 53 gallons
per minute. In 1903 it was opened and water and gas issued with
great force, due to the accumulation of gas. It was again tested and
found to flow 72 gallons per minute.

An analysis of this water, made by Prof. Harrison Hale, of Drury
College, resulted as follows:

Analysis of water from Canton, Lewis County.@

Parts | Parts

per million. per million.
Silica (S105) - oooiei 5.3 | Carbonate radicle (COg).......... 21.0
Iron (Fe) .o Trace. | Bicarbonate radicle (HCO,)....._. 500
Caleiam (Ca) o oo 252.0 | Sulphate radicle (SO ............ 919
Magnesium (Mg) - .............. 142 | Chlorine (CLy............. ... ... 2,838
Sodium (Na) ..................... 1, 858 »
Pota:ssiuin (}() .................. 86 6.621.3

It will be noticed that this water somewhat resembles the sulpho-
saline water of IExcelsior Springs. It is gaining a considerable repu-
tation.

LAGRANGE.

Close to the west side of the Burlington Railway track, at Lagrange,
a short distance from the railway station, is a well owned by the
Lagrange Mineral Well Prospecting Company. The depth is 800
feet; elevation above tide at well mouth, 481 feet; casing, 6-inch, 850
feet; temperature of water, 61° F.; of air, 86° F.; flow, 60 gallons per
minute; date of completion, 1887; cost, $1,500; surface formation, -
Keokuk limestone.

This well is 2,500 feet deep and was sunk with the expectation of
finding some profitable mineral. The first water was reached at
400 feet. At 800 feet a strong flow was struck, and at 850 feet it
became so strong that the driller could go no farther. This flow
comes from the soft, water-logged St. Peter sandstone, and no percep-
tible change has ever been noticed, in either its volume or force. Mr.
R. N. Blackwood states that the force was sufficient to carry the
water to the summit of the bluff, a distance of over 100 feet. This
well has recently been sold to Mr. Thomas, the owner of the Wya-
conda well, and the product of both wells is shipped under the name
of Wyaconda water.

The Wyaconda well is on the summit of a bluff overlooking the town
of Lagrange, about 1 mile north and about 100 feet above the well
just described. The owner is William H. Thomas; depth, 850 feet;
diameter, 8 inches; altitude at well mouth, 580 feet above tide; casing,
53-inch, 150 feet; temperature of water, 60° F.; of air, 80° F.; flow,
40 gallons per minute; date of completion, January, 1888; cost,
$1,500; surface formation, Keokuk limestone.

e Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States (Geological Survey.
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The main flow of water was reached at 800 feet, in the soft, white
St. Peter sandstone; it is steadily decreasing in volume. In both
this and the Lagrange well the flow increased when the St. Peter
sandstone was reached. The following is the incomplete log of the
well:

Log of Wyaconda well, Lagrange, Lewis County.@

Thickness.| Depth.

Pleistocene (15 feet): Feet. Feet.

1 | 15 15
Mississippian (480 feet)

Limestone 200 215

Shale.......... 65 280

Soft limestone..........._ ... . 65 245

Soft shale, slate, or soapstone. .. ... ... ... ... ... 150 495
Devonian (?) (150 feet):

Dry “Trenton” (?) roCK. ... . ... e iieaaaas 150 645
Silurian and Cambrian, including St. Peter sandstone (205 feet

LAmMestone. .. ... ..ooi it 155 800

‘White sandstone 50 850

e The writer is indebted to Mr. William H. Thomas for the logs of the Wyaconda and Lagrange wells.

Two analyses of this water have been made, one of which, by Prof,
Paul Schweitzer, is as follows:

Analysis of Wyaconda mineral water.a

Parts per million.

Silica (8i0,) - -« cveveeeiiiaaan 40
Iron (Fe)......covveiinaiin ... 1.3
Calcium (Ca).... .. ... ... 293
Magnesium (Mg)............... 89
Sodium (Na). ................. 1,934
Potassium (K)................. Trace.
Lithium (Li)................. Trace.

Parts per million.

Bicarbonate radicle (HCO,)..... 2.9
Sulphate radicle (SO, . ......... 1,065
Chlorine (Cly. ... ............. 2,975
6,392. 2
Free CO,. ... ... ... .. ... 260

But an imperfeet record of the drillings was kept, and only the fol-

lowing data can be given:

Partial log of Wyaconda well, Lagrange, Lewis County.

Thickness.| Depth.

Pleistocene (15 feet): Feet. Feet.

Soil.......... 15 15
Mississippian (360

Limestone. &0 95

Shale........ 70 166

Soft limestone. 55 220

Soft slate, shale, 155 375
Devonian (110 feet):

Dry HmMestone . .. ..ottt eiiaiiiiiaaaas 110 485
Silurian and Cambri

Trenton rock (?). 200 685

Very soft white san 115 800

a Expressed by analyst in grains per gallon and hypothetical combinations;

recomputed® to ionic

form and parts per million at United States Geological Survey.
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With this meager record it is difficult to correlate the various forma-
tions passed through, but a comparison with the well at Keokuk
makes the above determinations probable.

An analysis of this water, made by C. A. Crampton, Washmgton,
D. C., shows the following results.

Analysis of water of Wyaconda well, Lagrange, Lewis County.¢

Parts per million. Parts per million,
Silica (Si0) . . . ... .. 49 ‘ (‘arbonate radicle (CO,) . ....... 664
Iron (Fey.................... Trace. | Sulphate radicle (SO, ........ 107
Aluminum (Al). .. _......._... .8 ‘ Chlorine (C1y. . ................ 3,326
Calcium (Ca) ... .. 246 —
Magnesium (Mg)............. 101 5, ")67" 8
Sodium (Na). ........... ... .. 2,214 Free COp.. o ooiniiiiiinns 288
Potassium (K)................. 60 |

LINCOLN COUNTY.

TROY.

Near Troy, Lincoln County, is a well owned by N. Hanni, of which
the depth is 136 feet; altitude, 15 feet above the railway station;
casing, 6-inch, 10 feet to rock; flow, a small stream, about 1 gallon
per minute; date of completion, 1893; surface formation, Burlington
limestone. In this well flowing water was struck in an open crevice
between 125 and 130 feet. The supply decreases with pumping,
and consequently the well flows only after the pumps have been
stopped for some time. No log was kept; but it is stated that chert
and an easily drilled, fine-grained white limestone were passed
through. It is probable that drilling was stopped in the lower part
of the Burlington. Another well in Troy, 100 feet deeper, does not
flow.

The following analysis of the water of the Hanni well was furnished
by Mr. E. E. Ellis:

Analysis of water of Hanni well, Troy, Lincoln County.

Parts per million. Parts per million.
Iron. ... il 0 Total carbonates................. 341
Sulphates....... ...l 29 Alkaline carbonates...._......... 0
Chlorine............_........... 7.47 | Alkaline and earthy carbonates.. 341
Total hardness........._......... 208.5 | Calcium.. ... .. ... 228

MARION COUNTY.
HANNIBAL.

On the west edge of the city of Hannibal, about 1} miles west of the
railroat] station, is a well owned by Mrs. Vernet. The depth is 1,435
feet; altitude, 608 feet, or 135 feet above the union railroad station at

eExpressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionic
form and parts per million at United States Geological Survey.
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Hannibal; diameter of casing, 6 inches; temperature, 57.2° F.; water
stands within 12 feet of top of well; date of completion, 1894; sur-
face formation, lower part of the Burlington. The writer is indebted
to Mr. R. Hawkins, of Chillicothe, for the following record of this well:

Log of Vernet well, Hannibal, Marion County.

Thickness. | Depth.

Pleistocene (41 feet): Feet. Feet.
Soilandelay. ... ... 41 41
Mississippian (259 feet):
Shales, limestone, and hard water. .. - et 154 195
Blue limestone. .. . .. i iieiaaaia.n 105 300
Devonian (?), Silurian, and Cambrian to St. Peter sandstone (301 feet):
Black Slate. ... 33 333
Salt-water sand; water rose within 70 feet of surface 14 347
Solid limestone. ......... ... .. e 254 601

St. Peter sandstone (96 feet):
Mineral-water sand; water rose within 30 or 40 feet of surface. ........._._.. 96 697
Jefferson City limestone (253 feet):
Limestone and hard, fine sand at intervals; water rose within 20 feet of sur-

face 53 950
Roubidoux sandstone (439 feet):

Hard limestone........... 50 1,000
Soft white sand; water ros feet of surface..... ... ...l 5 1,005
Limestone. ... ......................... 50 1,055
Limestone with interstratified sand.... .. R, 150 1,205
Sand. ... .. e 20 1,225
Magnesian limestone. ... . ...l P, 50 1,275
Hard white sand; water stands within 4 feet of surface..................... 10 1,285
Magnesian limestone; water flowing. . ... iiiiiiiiiiiiiiiiiieniaaaa, 104 1,389

UnACCOUNERA 0T+ .« neeveenoeannsmenenimarsesiasoeneeo DR, 46 | 1,435

This well was put down by Dr. Fred. Vernet for the purpose of
obtaining mineral water. The water is very saline, being similar to
that of the Stilwell well in Hannibal. The following analysis is
taken from an advertising circular published by Doctor Vernet; the
analyst and date of analysis are unknown:

Analysis of water of Vernet well, Hannibal, Marion County.e

Parts , Parts
per million. per million.
Tron (Fe)eeoommoe i, 41 ‘ Carbonate radicle................. 422
Caleium (Ca)............o..... ... 49 | Sulphate radicle (SO ........... . 790
Magnesium (Mg).................. 108 | Chlorine (CYy.. ... ... ..... 58
Sodium (Na)..........o........ .. 363
Lithium (Li)........ e 26 1, 857

In 1889 J. M. Tracy drilled a well for oil on the same tract of land
as that on which the Vernet well is situated. The elevation was 50
feet above the railroad station at Hannibal and 85 feet below Doctor
Vernet's well. Fresh water was found at the bottom and rose within
a few feet of the surface.

In an alley near Front street, corner of Hill street, close to the
steamboat wharf, is a well owned by the Richard Stilwell Meat and
Ice Company. The depth is 950 feet; altitude, 475 feel:; casing,

S-inch, 200 feet; temperature of water, 60° F.; of air, 88° F.; flow,

e Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionic
form and parts per million at United States Geological Survey.
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fairly strong, 208 gallons per minute; pressure by steam gage, 50
pounds; date of completion, 1890; surface formation, Louisiana lime-
stone. The first water, nonflowing, was struck at 40 feet; the next
stream, flowing, was encountered at 800 feet, in the soft, white St.
Peter sandstone; and it is claimed that for 100 feet in this sandstone
alternating streams of fresh and salt water were struck. The water
is highly charged with saline ingredients, and sulphureted hydrogen
bubbles up freely. The flow is estimated at 300,000 gallons in twenty-
four hours. No log of this well could be obtained. The folowing
analysis of the water was made by E. E. Ellis, May 31, 1905:

Analysis of water of Stilwell well, Hannibal.

Parts per million. 1 Parts per million.
Tron. . ... .. ..., Trace. | Alkaline earthy carbonates. . . 274. 4
Calcium . ... ... ........... 150+ | Sulphates. ......... ... ... 522
Alkalinity . ... .. ... . .. ... 274.4 | Chlorides. . . ... .. .. ... Very high.
Alkaline carbonates.. ... ..... 0

Turbidity, none; color, rone.

The water is very salty and contains a large amount of sulphuretéd
hydrogen.

NELSONVILLE.

The following data have been collected about the wells at Nelson-
ville. Well No. 1 is in sec. 28, T. 59, R. 8 W.; owner and driller,
C. H. Mohr; first flow at about 650 feet. The following log was
received from Messrs. M. L. Fuller and S. Sanford:

Log of well No. 1, Nelsonville, Marion County.

Thickness. | Depth.
Feet. Feet.
Blue shale; fresh water . .. ... . . 165 165
Hard limestone.......... R 60 235
Gray shale............... . 72 297
Limestone, very hard . R 188 485
Red sandstone....._ ... . _. e e e e i 10 495
Limestone. .. 30 525
Sandstone. .. 10 535
Limestone. .. 10 545
Sandstone. .. 140 685
Blue shale 15 700
Sandstone 20 720
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Well No. 2 is 3 miles south of Nelsonville, in sec. 21, T. 59, R. 8;
owner and driller, C. H. Mohr. The well was drilled with 4}-inch
tools. It flows 10 gallons per minute, and the water rises 12 feet

above the mouth. The following log was received from Messrs.
M. L. Fuller and S. Sanford:

Log of well No. 2, Nelsonville, Marion County.

Thickness.| Depth.
Feet. Feet.
Clay......oooooviiiiaiii. et e et e i 45 45
Blueshale. . .. ... ...l e 150 | * 195
LAMeSbOMe . L. . e 60 255
Gray Shale. . et 35 290
Limestone..._.............. 220 510
Red sand; some oil and gas 15 525
Limestone ... ................... 125 650
White sandstone 10 660
Hard rock.... ... 2 662
SandStOne . . et 213 875

PALMYRA.

At Palmyra a well was sunk to a depth of 1,683 feet. The water
is said to have flowed at 700 feet. The analysis here given was
made by Prof. Paul Schweitzer in 1887.

Analysis of water of well at Palmyra, Marion County.c

Parts per million. Parts per million.
Silica (810, . oo ool 19 Sulphate radicle (80,)....... 814
Calcium (Ca) ... oo 515 Chlorine (Cly . . ..vininnenn.. 6,443
Magnesium (Mg).............. 234 Bromine (Br).cceenaeacocacann 4
Sodium (Na)................. 3, 542 P
Lithium (Li). - - e eveennnn.. .9 1, 571.9
OAKWOOD.

A deep well was sunk in 1390 at Oakwood, 3 miles southwest of
Hannibal, on the land of C. G. Price, but it ceased to flow some
years since. The log was lost. This well was about 800 feet deep
and located 150 feet above the river. It had a very strong flow,
but it was stopped up because the highly saline water injured vege-
tation. The following analysis of this water, furnished by Mr. Price,
was made by R. Chauvenet & Brother:

Analysis of water of well at Oakwood, Marion County.@
. Parts per million.

Caleium () ..o 634
Magnesium (M) . . .ot e e e 249
Sodium (Na) ..o .. 5, 233
Sulphate radicle (SO, . L Lol 3,401
Chlorine (C) . . . . o e e e e e 7,388

16, 905

.

a Expressed by analyst in grains per gallon and hypothetical combinations: recomnputed to jonic
form and parts per million at United States Geological Survey.
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PIKE COUNTY.

LOUISIANA.

A well, now called the ‘“‘Thespian Spring,” is located in the small
valley of Town Branch, corner of Fifth and Kentucky streets, in the
town of Louisiana. Owner, C. W. Crudson; depth, 1,275 feet; alti-
tude, 470 feet; date of completion, 1887; casing, 6-inch, to 910 feet;
temperature of water, 63.5° F.;¢ of air, 92° F.; cost, $3,000.

The water is strongly saline and charged with sulphureted hydro-
gen. It is clear, sparking, and bubbling with gas, and has corroded
the rock basin into which it empties. The water comes up with con-
siderable force, having a head, probably, of about 8 feet. It is stated
that when the well was first opened it threw a jet 40 feet high. The
flow is said to be stronger after a wet period and weaker in dry weather.
A sanitarium, with bottling facilities, has been established near the
well, and the water was once bottled and shipped to St. Louis. It
is now used for bathing and, to a limited extent, for drinking.

Schweitzer? gives the following meager log, which he obtained from
William H. Suda:

Log of Thespian Spring, Louisiana, Pike County.

Thickness. | Depth.

Feet. Feet.
90

Lo0se SOL. L i 90
SandStomne. ... ... 560 650
Limestone...._............._........ .. [ 120 770
Sandstone................. ... 30 800
Undetermined .. .. e 10 810
Sandstone e .. (R 70 880
Undetermined 395 1,275

This record is so manifestly incorrect that no satisfactory correla-
tions can be made. It was stated that the first flow of water was
struck at 600 feet, in sandstone. Prof. R. R. Rowley gives the fol-
lowing geologic data: ““ At Louisiana the Hudson River limestone is
40 feet thick, and under that is 100 feet of Trenton limestone. The
St. Peter sandstone would probably be reached at about 600 feet.”

a This temperature was obtained July 15,1903. Schweitzer, in his report on Mineral waters of Mis-
souri (Missouri Geol. Survey, vol. 3, 1892), gives a temperature of 62.2° F., with air temperature 74°
F., probably taken in 1892.

b Missouri Geol. Survey, vol. 3, 1892, p. 94.



PIKE AND RALLS

COUNTIES.

53

The following analysis, date and name of chemist unknown, is
given on the circular published by the owners of the well:

Analysis of water from Thespian Spring, Louisiana, Pike County. ¢

Parts per million. . Parts per million.
Silica (Si04)- e ecemvecieniaaan.. 0.4 | Chlorine (Cl) .. ... oo 4,774
Caletum (Ca) .. ......o..o..... 410 Bromine (Br).................. 34
Magnesium (Mg).............. 200 —
Sodium (Na). o-vnnomoeeeono 2796 | 9, i?g 5
Potassium (K).._............. 17 - Sk
Lithium (Li) oo oo oo 3.1 (O 805
Bicarbonate radicle (IICO,).... 345 10,742, 5
Sulphate radicle (830, ......... 79 ‘ )

Schweitzer ® gives the following analysis:

Analysis of water of Thespian Spring, Lowisiana, Pike County.a

Parts per million. Parts per million.

Silica (St0y)...o..oooo 4.9 | Bicarbonate radicle (HCO,)..... 186
Calcium (Ca) ... ............... 420 Sulphate radicle (SO,).......... 1,051
Magnesium (Mg)............... 165 Chlorine (C1y . ... ............. 4,677
Sodium (Na).. ... ............. 2,775 -
Potassium (K)................. 63 9,341.9

RALLS COUNTY.
RENSSELAER.

Mr. J. M. Johnson, of Rensselaer, gives the record of a stock well
270 feet deep, situated on his farm 11 miles from Rensselaer station
in Ralls County. He also sent samples of drillings to accompany
the log, which follows:

Log of Johnson well, Rensselaer, Ralls County.

PleiStOCeMO . < v o et ie e e
Limestone and shale....
. Brownshale..............
Limestone and fresh wate .
. Soft white sandstone. ... .. i

P o

Of these samples, No. 2 corresponds with Swallow’s Onondaga
limestone. No. 5 is, without doubt, the St. Peter sandstone; it is
made up of incoherent, fine, rounded, polished, and waterworn grains
of limpid quartz. Occasional specks of marcasite (iron pyrites) were
found, which might possibly account for the sulphureted hydrogen
and sulphates that abound in the waters of this region.

a Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionic
form and parts per million at United States Geological Survey.
d Op. cit., p. 96.
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SPALDING.

About 5 miles south of Rensselaer station, on the Missouri, Kansas
and Texas Railway, insec. 25, T. 56, R. 6 W_, at the post-office of Spald-
ing, is a very interesting well, owned by R. M. Spaulding. Depth, 330
feet; altitude at well mouth, about 590 feet above tide; temperature
of water, 57° F.; of air, 86° F.; flow, 400 gallons per hour; date of
completion, about 1823; drillers, Hager & Muldrow; drilled by hand.
This well is on an old French grant known as the Boovat Lick. Sev-
eral salt springs are situated a few hundred feet to the north. Some
time after 1821, probably about 1823, the State engaged Messrs.
Hager & Muldrow to sink the well. Several veins of water, some soft
and some salt, were struck. The first strong flow was obtained at 300
feet in soft sandstone, which was penetrated to a depth of 30 feet.
Various attempts were made to case this well with wooden tubing, but
the pressure was too strong, and with the exception of a wooden tube
passed through the soil and firmly anchored to rock no casing was put
in. The source of the water was the St. Peter sandstone. So far as
observed the pressure has always remained the same. Salt was
obtained from this well and the adjoining springs for many years.
The water is very strongly saline and is charged with sulphureted
hydrogen, so that white precipitate forms about the boards and pipes
connected with the well. This place has long been a summer resort.

No record was kept of the geologic horizons passed through, but
there is no doubt of the fact that the source of supply is the St. Peter
sandstone. The strata in the vicinity of the well are greatly disturbed.
North of the well the rocks dip 15° SW., with a strike of N. 40° W. At
the farm owned by Mr. Spaulding’s son, about a mile southeast of the
well, the strata are much more disturbed. The St. Peter sandstone
stands with upturned edges and is overlain by ledges of Joachim lime-
stone. An anticline having a northwesterly trend passes through this
portion of the country and the artesian well is situated on its southern
slope. Geologically this is a region of great interest. Three miles
northwest of Spalding, in the road near the Tompkins’s place, the rock
dips strongly to the northeast. This is probably near the axis of the
anticline just mentioned.

The following analysis of this water is taken from Schweitzer’s
report:¢

Analysis of water from well at Spalding, Ralls County.b

. Parts per million. | Parts per million.
Sitica (SiOg) - oveena L. 5.8  Bicarbonate radicle (HC'O,).... 162
Caleium (Ca). ..o 544 | Sulphate radicle (30,)......... 1,181
Magnesium (Mgi......o........ 213 Chlorine (C'Ly.......o.o .. ... 6,242
Sodium (Na)................ ... 3, 596 -
Potassium (K)....... _........ 78 12,021.8

e Missouri Geol. Survey, vol. 3, 1892, p. 96.
b Expressed by analyst in graihs per gallon; recomputed to ionic form and parts per million at United
States Geological Survey.
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NORTH-CENTRAL DISTRICT.

GENERAL ARTESIAN CONDITIONS.

The north-central district includes the portion of Missouri north and
northwest of the Atchison, Topeka and Santa Fe Railway, which
crosses the State in a northeast-southwest direction, from Des Moines
River to Kansas City. The wells in this district obtain water from
the Des Moines group, the basal formation of which is usually a porous
sandstone. The waters have their head on the western slope of the
great divide which runs in a north-south direction through the north-
ern part of the State and which is probably the northeastern extension
of the Ozark dome. The water is generally strongly saline and often
chalybeate, but it is considered excellent for the use of stock, though
it is not generally desirable for drinking. There is sufficient pressure
to bring the water to the surface where the surface elevation does not
exceed 730 feet. Very few wells have reached the St. Peter sandstone.
Those that have been drilled to this formation have a surface eleva-
tion too high to admit of flow.

The general dip is to the northwest toward the St. Joseph trough,
but this dip is not uniform. Near Utica, Livingston County; James-
port, Daviess County; and Bethany, Harrison County, are anticlinal
folds and faultings. The average dip is from 10 to 15 feet to the mile.
The land rises regularly in this direction, so that the Des Moines group
is deeply buried. The flowing wells are found in this district at or
near the following places: Carrollton, Carroll County; Utica, Living-
ston County; Gallatin, Daviess County; Bethany, Harrison County;
and in Mercer County, near Lineville, Iowa.

ADAIR COUNTY.
KIRKSVILLE.

At Kirksville is a well that was sunk for the purpose of obtaining a
city supply. The writer is indebted -to Hon. Thomas J. Dockery for
the following log of this well:

Log of deep well at Kirksuville, Adair County.

Thickness. | Depth.
Pleistocene (170 feet): Ft. in. Ft. in.
[0 S 170 0 170 0
Des Moines (280 fee
LAmestone ... ..o e e 8 0 178 0
..................................... . 1 178 1
Clay shale.. 30 0 208 1
[ST20 1T E 7o) 4 PSP 20 230 1
531 A 15 0 245 1
Hard limestone. . 20 247 1
Shale, about... 20 0 267 1
Coal.......c...... 16 268 7
Shale............. 3 0 208 7
Shelly broken limestone. . .- 20 0 318 7
Soft, mushy, blueclay...cooenomeomiioea ¥ 20 0 338 7
Limestone . .. ..ot 15 0 353 7
Coal................. 20 355 7
1R F2 1 L= Y cenn 50 0 405 7
Fine white gandstone. ... ... .. ... ... ... - ceen 45 0 450 7
Mississippian (840+ feet):
Solid Hmestone. ... ... .. i 700 0 1,150 7
Flint, very hard limestone, and sandstone. ... ... .. ........................ 140 0| 1,200 7

IRR 195—07——5 o



56 UNDERGROUND WATERS OF MISSOURI.

As Kirksville is situated on the crest of the dividing ridge between
Missouri and Mississippi rivers, at an altitude of 975 feet, there was
no possibility of obtaining flowing water. Water was struck at a
depth of 1,150 feet and rose within 240 feet of the surface. It-was
highly impregnated with sulphur and iron.

CALDWELL COUNTY.
BRAYMER.

The following record of a well on the farm of Dan Braymer was
furnished by Mr. R. Hawkins, of Chillicothe. The surface elevation
at the well is about 765 feet.

Log of well of Dan Braymer, near Braymer, Caldwell County.

Thickness. | Depth.
|
L J
Pleistocene (26 feet): Feet. Feet.
D5 o S 8 8
Shale.............. .. 8 16
Blue shale 10 26
Des Moines (420 feet) : !

Red shale. . ... .. 10 36
LAMEStONe .o oot .- 6 42
Blueshale. ..o i 8 50
LAmMestone. .. ..o i e 10 60
Blue shale. ... ... . i 10 70
Flnt rocK. . ... e iiiciiaeaia .. 13 83
Hard whiteshale........ ...l .- 10 | 93
Limestone......... FU .. 4 97
Sand rock....... 4 101
Hard white shale 12 113
‘White limestone 11 124
Blue shale. 14 138
Sand rock. 40 178
Limestone. 6 184
Blate. e eiieieceaiee 6 190
Blue shale. . .. .ottt 27 217
LAMEStONe. - o oottt 2 219
BlABe. - e e e 1 220
L G G S 1 221
White shale. ... ..o i i 4 225
Limestone. .. ... 4 229
Blue shale. . ... ..o it 2 231
Limestone. . . .. ooe. e e 1 232
FS 3T - G 6 238
Blueshale. .. .. .o 4 242
Hard white sand roCk. . . ....ooiii it ia i e 14 256
Bhale. . o e s 57 313
Limestone. .. .ot 3 316
Red shale. . ... i e e 2 318
Limestone. . .o 2 320
Blueshale. . ... ...l 15 335
Sand rock ....... 20 355
Slate............ 2 357
Brown sand rock 13 370

oal....... PO, 3 373
Saline water strat . 65 438
Black shale to Mississippian limestone; drilled 11 feet into this limestone. .. 8 446
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CARROLL COUNTY.
CARROLLTON.

"One-half mile northeast of the city of Carrollton, on the west bank
of Brush Creek, is a well owned by Hugh K. Rea.® Altitude, about
660 feet above tide (about 70 feet lower than the Carrollton public
square); depth, 241 feet; flow, feeble; date of completion, 1890;
driller, J. C. Ferrie, of the Mallory Diamond Drill Company, Chariton,
Iowa; surface formation, Des Moines; cost of well, $900.

The distance to the principal source of water in the basal sandstone
of the Cherokee shales is 200 feet. The last 7 feet are in the chert
of the Mississippian. The flow is estimated to be about a gallon in
three minutes and is uniform, having neither increased nor decreased.

Another well, similar in character, was sunk about 1,200 feet south-
west of the above. The following log was preserved by Mr. Wil-

cockson: .
TLog of well at Carrotlton, Carroll County.

Thickness.| Depth.
Ft. in. Fi. in.
Pleistocene (25 feet) .. ... i 250 25 0
Des Moines (234 feet):
Gray shale. .. ... e 13 0 38 0
Dark shale. ... .. il 1 0 49 0
LAMIEStOTIe . .. ot 10 50 0
Gray sha.le.. ........................................... 30 5 0
Limestone.. - 10 54 0
Dark shale. . 50 59 0
Limestone..... 10 60 O
Dark gray shal 6 0 66 0
Sandstone 30 69 0
Shale, with 12 inches slaty eoal. ... LIl 21 0 90 O
.............................................. 30 0 120 ©
Sandstone .................. 4 0 124 0
Shale................. 17 0 141 0
Sandstone .. .- 3 0 144 0
Shale................. 47 0 191 ¢
‘White, soft sandstone; water Tose to surfac 20 0 211 0
Darkshale. . ... ..o ...l 50 216 0
Red sandstone......... .. 6 0 222 0
Datk sha]e ............. . 0 0 22 0
.- 5 232 5
17 234 0
70 241 O

A flow of saline water was struck between 200 and 210 feet. The
water has no odor, but the contained gas will blow a cork from a
bottle of it in a few minutes. This water is used for drinking pur-
poses and for stock. It is slightly laxative. No analysis has been
made.

@ The writer is indebted to Mr. J. M. Wilcockson, of Carrollton, for data concerning this well.
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TINA.

A prospect hole for oil, drilled on the farm of C. W. Nuss, at Tina,
at an elevation of about 706 feet, gave the following record, which
was furnished by Mr. R. Hawkins, of Chillicothe:

Log of prospect hole at Tina, Carroll County.

Thickness. | Depth.
Pleistocene (40 feet): Feel, Feet.
Clay and sand . ... iiiiiiiaicaeieiiiaiaaas 40 40
Des Moines (345 feet):
14| R 4 44
Coal......... e 4 48
Shales. ...... e maaeaeaaaa . 20 68
Limestone... . e aeaeeiaeaaa. 5 73
Coal...... 2 75
Shales. ... 215 290
Sand rock. .. 40 330
Black slate. . 55 385
Mississippian (290 feet):
Brown limestone.. ......... . ... ... ... e 40 425
Flint (probably cherty limestone) : 95 520
CBlate . . 5 525
Gravel.........oiiiiiiiiiiaaa.n 2 527
Flint, ‘‘hog chawed™.......... 40 567
‘‘Slate™ and black limestone... e- 75 642
Gravel and sand, with water.. ... .. ... ... . ... il 5 647
Very hard, flinty limestone, interstratified with other beds; water from
bottom slightly alkaline. . . ... ... .. i i 28 675

CLAY COUNTY.
EXCELSIOR SPRINGS.

Near the town of Excelsior Springs, in the northeast corner of Clay
County, about 30 miles northeast of Kansas City, are two deep drilled
wells—the sulphosaline, 1,460 feet deep, and the salt-sulphur, 1,370
feet deep. It is unfortunate that no record of these wells has been
preserved. The waters are in all probability mainly derived from
the Jefferson City limestone and the base of the Pennsylvanian. The
information regarding these wells was furnished by Mr. C. W. Fish,
general manager of the Excelsior Springs Company.

The sulphosaline well is located about 1 mile north of the town of
Excelsior Springs in a narrow valley on the west bank of Fishing
River; owner, Excelsior Springs Mineral Water Company; depth,
1,460 feet; altitude above tide, about 925 feet; diameter of casing, 34
inches; temperature of water, 67° F.; of air, 84° F.; date of comple-
tion, 1888; cost, $1,200; surface formation, upper part of Des Moines.
The water stands within 150 feet of the top of this well and is pumped
by a Eureka pump run by a 10-horsepower engine. It is very corro-
sive, and ordinary pipes last only about three years; galvanized pipes
last ten years. The water is clear and sparkling, with a saline taste
and a slight odor of sulphur. It contains a small amount of carbon
dioxide gas.
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The salt-sulphur well was sunk by W. 8. Pryor, of ‘Kansas City.
The water is pumped to the Music Hall bath house, which has a swim-
ming pool 60 by 32 feet. The owners are E. L. and E. 1. Morse;
depth, 1,327 feet; altitude, about 925 feet; cased to bottom; date of
completion, 1899; water stands within 60 feet of surface; surface for-
mation, upper part of Dees Moines.

The followmg analyses of water from these two wells are glven in
Schweitzer’s report : 2

Analysis of water from sulphosaline well, Excelsior Springs, Clay County.b

Parts per million. + Parts per million.
Silica (SiOy) .- .. ... 10 Bicarbonate radicle (HCO;). ..... 234
Iron (Fe). ... .. ... ....... .7 | Sulphate radicle (SO . .......... 1,126
Aluminum (Al). ... ... ...... 21 Chlorine (C1) . . ... .. ........... 3,808

3 9
S{alcmn} (Ca)eeeo 239 %, 189
agnesium (Mg)............... 98 . .

Sodium (N&) . -~ vne oo 2, 610 Residue on ignition .. _........_. 8,093
Potassium (K)................. 42

Analysis of water from salt-sulphur well, Excelsior Springs, Clay County.

(Analyst, E. H. 8. Bailey.)

Parts per million. Parts per million.
Silica (810, . .. ... 11 Sulphate radicle (SO,). ....... 396
Iron (Fe)................... 4.7 | Chlorine (C1)................ 6,684
Calcium (Ca) . ............ ... 210 Bromine (Br). ........_.... 14
Magnesium (Mg).............. 109 Todine (I).......o........... 12
Sodium (Na)_ ................ 4,392 Sulphur (8). .......... .. ... 19
Potagsium (K)......... ... .. 11 T
Carbonate radicle (CO,) . . . . . . 69 12, 590
Bicarbonate radicle (HCO,). . . 675

Temperature of water, 64.4° F.

In connection with these wells it may not be out of place to refer
briefly to the neighboring mineral springs, which, together with the
wells, constitute the most popular health resort in the State. Of these
springs the best are the Regent and Siloam springs, both ferromanga-
nese waters, derived from the Pennsylvanian. In the Regent the
manganese bicarbonate (16.8 parts per million) aids in the assimila-
tion in the human system of the high percentage of ferrous bicar-
bonate (58.8 parts per million). The sulphosaline waters of the
drilled wells counteract the astringent properties of the ferromanga-
nese waters of the springs, and the two furnish a fortunate combina-
tion.

aMissouri Geol. Survey, vol. 3, 1892, p. 99.
b Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States Geological Survey.
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KEARNEY.

The following is a log of a well drilled by A. W. Stubbs near

Kearney:
Log of well, 6 miles west of Kearney, Clay County.

Thickness. | Depth

Feet. Fect.
F 70 1 P 25 25
Limestone. .. ... ... iiieiiiiiiias 56 81
Sandstone . .. ..t ieeieieaieaaaeaaaaas 10 91
Shale. .. 35 126
Sand; wa 15 141
Limestone 20 161
Shale, mud 28 189
Limestone 12 201
Shale. ... 6 207
Limestone................. 24 231
Shale . e 6 237
Sandstone . ... 12 249
Limestone. .. .. ..o 120 369
Shale. o 22 391
SANASEOMO . . oottt ettt e aeans 22 413
Shale. .. e 28 441
Sandstone. .. ...l 40 481
Flinty limestone, darK. ... . ... ... it 10 491
Light shale. .. ... e 4 495
Brown limestone. . ... ... 4 499
£ ] 1 - L 4 503
Gray HmMestone .. . ... ...t e et 10 513
Black shale. .. ... e 12 525
Gray sandsStone. . .. .o 12 537
S 421 PP 24 561
LAmMestone . ... . 6 567
Shale..... 6 573
Sandy shal 40 613
Sandstone 10 623
Thin coal seamn. ... .. i e
Shale.”. ... .............. 12 635
Limestone 6 641
Limestone................. 6 647
T T K ) 24 671
F 4 ) L I 6 677
Samdstone. . ... .. i eeiiiieeaeaaa. 18 695
Shale. . .. iiiiiiieaaio. 131 826
Coarse white sandstone. . ... ... .. ... iiiiiiiiiiiiil. 12 838
Blue shale. . .. e 1R 856
Sandstone ..t cieeeeaaaidaiiio. 30 886
Oil 8andstone. . . .ol 12 898
Black “slate’ e 18 916
Sandstone; tracesof oil. ... . ... ... 36 952
Salt sandstone. .. ... 40 992
ack rotten shale. ... ... .- 30 1,022

Mississippian Hmestone. - . .. .. ... .. 10 1,0.

DAVIESS COUNTY.

GALLATIN.

Seven miles east of Gallatin, near the head of a small draw, is a well
on the farm of W. C. Macy. Depth, 22 feet; altitude above tide,

about 794 feet; casing, 11-inch, 22 feet; temperature of water, 61° F.;

’

of air, 82° F.; flow, feeble; date of completion, 1895; bored by farm
hands; cost of well, $25. This well passed through the clay and sand-
On entering
the sandstone water was struck, which rose 8 feet above the surface.
The flow is uniform. The water is clear and hard and is used for

stone of the Des Moines group. It may be a drift well.

watering stock. No analysis has been made..
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HARRISON COUNTY.

BETHANY.

61

About 1 mile west of Bethany, in sec. 16, T. 63, R. 28, on the east
bank of Big Creek, is a well owned by the Bethany Improvement
Company Depth, 654 feet; altitude above tide, about 916 feet; cas-
ing, 3-inch, 45 feet to rock; flow, 5+ gallons per minute; date of com-
pletion, 1885 surface formatlon Missouri group. The water is used
by the Hellbron Sanitarium. Tt is said to be especially valuable in

rheumatism. If is clear and bubbles with carbon dioxide. The log
of the well is as follows:
Log of deep flowing well at Bethany, Harrison County.
Thickness.| Depth
Pleistocene (45 feet): . Feet
Earth and elay .. ... o e 45 ...
Missouri (53 feet):
Hard gray limestone 11 56
Dark “‘slate’”.......... 8 64
Limestone.............. 12 76
Dark ‘‘slate’’.. 5 81
Gray limestone, 17 98
*‘Marais des Cygnes'’ shale (Pleasanton) (156 feet):
Sand shale. ... ...t it 81 179
Limestone. .. - .. 5 184
‘‘Soapstone’’ 4 188
Sand shale. 32 220
Slaty shale. 18 238
Black slate. 1 239
Coal..... 1 240
Gray Hglate . 14 254
Hennetta limestone (149 feet):
Limestone (coal 4 mches) .................................................... 3 257
Dark gray “‘slate’ . . e eiaieaaaaaan 19 276
Limestone.......................... e eeeeeeaeieeaaaan . 5 281
CBlate’t . il e e e e 4 285
Fireclay... [ R, 10 295
Limestone..... ... ..zco..o.iiol . e 16 311
¢ ‘Slate" (coal 1 inch) 30 341
‘“‘Slate’” 29 370
Coal.. 1 371
““Slate’ 32 403
Cherokee shal
Sand shale. . ... 11 |, 414
“Slate’ . ... e 7 441
Sand shale.......................... s 9 450
Black “‘slate’ .. ... ... e 1 461
Blueclay. ... . ... .o o e 3 464
Gray “slate” . _........ R, 3 467
Sand shale............. et 3 470
‘‘Slate” (mixed).................... U e 64 534
Dark sandstone. . ........ .- 2 536
Black *‘slate’’ (coal 7 inches) . 16 552
Clay 2 554
¢ ‘Slate "’ (mixed 20 574
Sand shale..... 62 636
Bowlder..... . 8 644
Sand Shale . ... e eeeeeetaeaaeeaeae e 10 654

1t is very probable that the Mississippian would have been reached

had the drilling been continued 50 or 60 feet farther.
of water was struck at 200 feet, and it was continuous.

The first flow
The last and

strongest flow was reached at the bottom of the well. No analysis of

this water has been made.
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HOLT COUNTY.

FOREST CITY.

Near Forest City, Holt County, is a deep diamond-drill prospecting
well, made in 1901. The core is preserved at the office of the State

geological survey, at Rolla, Mo.

Log of prospecting well near Forest (Wy, Holt County.

Thickness. | Depth.
Pleistocene (66 feet): Ft. in. Ft, in.
Sandyclay. ... ...l s 65 0 65 0
Missouri (866 feet):

Clay and bowlders. . ... .. . et 0 o0 750
Clay shale. .. i 15 0 90 0
Blue shale ... it 4 0 94 0
LimeStOne. et 5 7 99 7
Fossiliferous limestone. ... .. ... ... . it 1 5 101 0
Blueshale.............. 3 6 104 6
Limestone. 1 o 115 6
Blue shale . 4 0 119 6
Limestone. e 3 6 123 0
Limestone. ... ... . iiiiiaeiaeas . 2 6 125 6
Blueshale. ... .. ... ... .. . ... ... s 16 6 142 0
Blue limestone . .. ... et 4 3 146 3
Clay Sl L et 3 9 150 0
Blue shale .. 10 0 160 0
LAmMesStone . . .. 30 0 19 0
Bark blue shale . ... ... i 3 0 193 0
Limestone. . . ... 2 6 195 6
Blue shale ..o 2 6 208 0
Limestone. .. ..o . i 8 0 216 0
Sand shale . ... ... oot 17 0 233 0
Limestone. . e et e 4 8 237 8
Blue shale et 12 8 250 4
Sandstone, shale partings........................... et 54 8 305 0
Blue sand shale . ... ... .t 16 0 321 0
Dark blue shale . ... ... e 14 0 335 0
Clay shale. .. s 33 0 368 0
Blue Shale ... e .. 50 0 418 0
Limestone. ... e 27 0 45 0
Black shale. . ... . et 9 0 454 0
LAMestone. - . ...t aeaas 2 0 45 0
4 1 L 12 0 468 0
LAmestome . . .o eeeeeeeeieeeeeeaenan 20 0 488 0
Black shale.._............... ... e e 2 0 490 0
Limestone. - . . 10 6 500 6
Sand shale 2 0 502 6
Sandstone. 3 0 505 6
Blue shale . 3 0 508 6
Limestone. 4 6 513 0
Dark shale. ... .. i . 2 0 515 0
LAmestome. « . e 7 0 522 0
Sandy SNale . ... .. 3 6 525 6
Dark shale, mixed with limestone. ... .. .. oo iiiiiiiiiiii 16 6 542 0
Limestone... ........... et eieeeeeeeieeeaneeaaeeaas 15 0 5571 0
Blue shale ... ... e r 9 558 9
Black “ Slate ™ . e 1 5 50 2
Blue shale .o i 12 10 573 0
Limestone-conglomerate . ... ... ... . . ...l 5 6 518 6
Blue shale ...t 4 0 582 6
Limestone. . ..o e 3 6 58 0
L0l 074 103 153 1 P 9 6 55 6
Dark shale . ... aeas 10 56 6
Limestone. . ... 70 603 6
Black shale and limestone. ... .. ... .. i it 3 0 606 6
Limestone-conglomerate. ... .. ... ... .. o i 13 10 620 4
Bastard limestone and shale. .. ... ... .. i iiiiiiiiiiiciiiaiaiia 7 10 628 2
Blue shale ... et 4 3 632 5
] 1 2 1 634 6
LAMestone . ... 34 2 668 8
30T 6 2 674 10
Limestone. ... ... ... oo 23 2 698 0
Darkshale. ... ... . ... il 3 2 701 2
Limestone and shale. ... .. ... ... ... ... .. 2 5 703 7
Black Shale. . ... ettt ieeaaaaa 3 4 706 11
Shale and HmeStone ... .. ..o .. o ittt aiitee oot 3 5 710 4
Shfle and lHmeStone ... ....ciieienuiecseanntseneeamteaieaacaneearaneanaanns 1 4 711 8
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Log of prospecting well near Forest City, Holt County—Continued.

Thickness. | Depth.
Missouri—Continued. Ft. in. Ft. in.
Limestone. ... iiiiiiiietititieneceteascssnsrannsssssonrannornnnenans 13 0 24 8
Dark shale . . 1 3 725 11
Sand shale . . 4 0 729 11
Dark shale. . 1 0 730 11
Coal, POOT ...veeeeeann.. 6| 71 5
Clay to dark shale 3 0 734 5
LAIOStOMO. . . ..ot iieie et eree e ceaee e tae e mmea s 4 2 738 7
(Iron pyrites 737 feet 6 inches to 740 feet.)
T8 1 E 70 U Y 3 2 741 9
(010 40) <3 LSRRI 5 2 746 11
Sandstoneand a littleshale.. ... ... .. .. .. . iciiiiiairiieaaaas 4 6 751 5
Sandstone and shale. ... ... .o i iiiiiiiiiaeeaiaaean 1 4 752 9
Dark shale.......... e et eeemeeeeenemecaeeenanennen e e aaaanan 13 1 766 8
LAMeStOMe. . . ...t it i eee e eena—ana 2 4 769 0
Dark shale . 2 4 7711 4
Limestone............... 3 10 775 2
Clay, sha.le, and a little hmesto 3 10 779 0
. 3 2 782 2
1 0 783 2
................. 3 1 787 1
Clay shale and fragments. .......ocoi..iuiieime e aeaeaeananaeas 4 6 o 7
TAMESOTIO L .« oot ittt ittt aeimaan———————— 4 10 796 5
Limestone and black shale. _........ ... ... . iiiiiiiiiaiiiienaa 2 2 798 7
Black shale ... ... eeeeeaeaea———a- 10 799 5
Sandy SNAle . .. 7 0| 806 5
Clay shale, broken and soft. ............o......_....... o a4 9 843 11
LiMeStOMe. .. ..ttt et 5 5 849 4
1) 16 11 866 3
Sandstone, fossiliferous....... ... i 5 2| 81 5
Sandand shale........ ... o i iiiiiiceiiiiieae—aa 10 0 881 5
....... 1 4 883 4
....... 3 6 886 10
Blue shale vnth 8-inch vertical seam (SIHCA) « ooveuouiren i iiiaiaaaeaan 2 6| 889 4
[0 I £:05 T} L 4 889 8
SandStOme . - e e 5 6| 85 2
Shale . Lo 4 3 899 5
LAMestOme o . ot e e e 8§ 11| 908 4
e . L. eeeeeieeemeeei— e ——————— 8 4 916 8
Clay shale and Hme. . ... ... it eeieieeeeenennns 3 0| 919 8
Limestone.._ .................... . 2 9 922 5
Blue shale, last foot fossiliferous . 4 926 5
Limestone, last 6 inches fossiliferous. . 2 6 928 11
Blue shale, with a little sandstone.. 1 3 930 2
Des Moines (690 feet):
Blue limestone. ........ .. ... iiiiiiiiiiiiiii. . 8 950 10
Black shale, with a lit in sandstone................. . 3 3 934 1
Clay shale, brokem. . ... ... .o.ociiiiiiiiiiiiiai i . 2 9 936 10
Alternating sandstoneand shale..... ..................... R 14 2 951 0
Sand shale, broken.........ocouieiiiiiioiiiieineiinaana .. 9 10 960 10
Blueshale. ... ..o . 23 6 084 4
Fossiliferous sandstone. .................covviivenienan.on . 1 10 986 2
C0aL, POOT et it et et e e 4 986 6
Blue shale... . ..o - 6 4 992 6
Sandy shale . . ..ot R t 9 994 7
Coal, POOT ..ot e .- 1 2 995 9
Clay shale. ... .. .o i .- 1 4 997 1
SandAStONe. L. ... et e . 5 0]1,002 1
Darkshale. ... . ... i . 8 111,011 0
Carbonaceous shale_ ._...._....... e B 5(1,011 5§
Clay shale. .. ... .. . iiiiiiiiiiiaeienanns 4 0]1,015 5
Blue shale, a few lime nodules. . .......... .00 177770 5 9(1,021 2
hale . oo 15 1(1,036 3
LImestone. ... ... .o o i .- 911,037 0
Black slate. ... oo e eaeaas . 1 8(1,038 8
Coal, fmr qua,hty ...................... . 1 311,039 11
Clay shale. .. ... s 3 111043 0
Blue hmestone e e et ——————— 2 01,045 O
Sandstone..................... P 3 10| 1,048 10
Sand shale.............o.o........ 5 5|1,054 3
Black shale.......cooeoeioomuaoa.... 3 81,057 11
Coal, POOT aeennncenemnananannn.. 1 01,058 11
S&ndstone .e . 4 411,063 3
Black shals . 7 0]1,070 3
Coal, poor - 911,071 0
Clay shale, s 2 91,073 9
Cla)lr, with some limestone. ........... ... ................... 4 611,078 3
............................................ 6 211084 5
Clay shale, with sandstone and limestone.....................ooooooeeoonons 1 9l108 2

¢ Error in original record; probably should be 37 ft. 6 in.



64 ‘UNDERGROUND WATERS OF MISSOURIL

Log of prospecting well near Forest City, Holi County—Continued.

QO O COMONHONNOWEINERENOROCOWCOOOOH T - AO - ~OHON OO U R ~JW U0 T U100 O~ O ~T

Thickness.| Depth.
Des Moines—Continued. Fl in. Ft. in.
Sandstone, hard, fine-grained. ...........ccoeiiiiiiiiiiiiiiii i 2|1,004 4
Soft, dark ‘shale....... R 411,004 8
Sa.ndstone, shale parti 12 61,107 2
Dark shale, with sandston 9 91,116 11
24 1(1,141 0
............. 91]1,141 9
............. 18 01,159 9
............. 5 9(1,165 6
............. 7 4|1,172 10
Dark shale; a Tittle pyrites at 1,182 feet 4inches........ .. .. ...ooiieiio.o 10 01,18 10
BT 4T T ) 4L P 61,183 4
DTk ShAle . i aeiaeeaeneeeeaa—a————- 3 4|1,18 8
(Block for waste in drilling out last core) . .....o.ooioiii i 2 21,18 10
Sand Shale . ... ... it 2 01,190 10
Shale, dark and sIAtY - - .. ... i 16 1]1,206 11
Shale, with limestone nodules. . ... ... ..ot et 311,207 2
Shale . e 7 211,214
SANABEONIE. ... oot aaaa e 1 3]1.215
Shale; iron pyrites from 1,216 to 1,217 feet.... ... ... ... .....o.oiials 8 21,223
Sandstone, with sonme HMOSONe - - - eoooe oI 4 01,227
o) Y Y N 10 | 1,228
Carbonaceous shale . ... .. ... i 911,229
Blue shale ... ... iiiiieeaiaaaaa 811,230
Hard, sandy shale . . ..ot 2 8]1,232
Hard gray shale. .. ..o et 3 91,236
............................. 15 111,251
........................... 511,251 1
...................... 911,252
91,253
10 01,263
31,263
. 13 11| 1,277
Blaeshale ... ....o..oooooieieioiiiii 3 91,281
SANASEOMNE . - . e e et e e e ae e aeeaaann 4 10 | 1,286
107 3| 1,286
SANABLONO. .. eteeeeeeeeamiaea e ann 57 511,343 1
Blue sandy shale. .....o.oo..oo.oooiiiiiiiiaaL 3 2| 1,347
Darkshale. ..ot eas 9 51,356
Sandstone, coarse-grained, hard . ... .......... 1 111,357
Dark shale, slatyand hard..................... 3 611,361
Sandstone. . ... oo 20 61,381
Darkshale. .....ooieeeniu e iaaaas 3 01,38
(431 S S 5]1,38% 1
Shale. ..o 5 211,390
(070 P 101,39 1
Soft clay shale, irregular cleavage 1 11,392
(Block for wasted core) 1 41,39
Shale. ... i 6 91,400
Blue shale, turning to gray sandstone inlast foot ... ... ... ..o.. 17 01,417
T L0 T 7o - Y P 6 01,423
Fossiliferous sandstone. .. .. ...ttt 2 3|1,425
ST 113 1] 70 ) o L RPN 9 61,434 1
18 R 5 111,440
(Pine block for wasted COTe) . .. ... . iiee e e aaeaaeaaann 3 01,443 *
Sandstone, gray, medium to coarse grained. ......... ... ... .iioillaaon 2 1]1,445 1
BlUe Shade. . ... et et e aanaeaaannas 4 21,450
‘‘Steatite” 3 inches, blue shale 6 inches, sandy shale 6 inches................ 1 31,451
Blue shale, Sometimes sanAdy . ... oveoeooieeaa o aeaanas 14 9| 1,466
Black shale, similar t0 aboVe. .. ... i iiaeeciaiaaaas 11 0] 1,48
Dark shale, cleavage up to 35° of core 1 8| 1,484
Blue shale 1 011,488
Coarse gray sandstone w. 4 911,49
Clay shale. . ... . ... i 2 11,49
Gray sandstone 4 31,500
SANASEONe. . .ot e et e e ienaiaieeaeaaaanas . 6 81,506
Black shale; patches of sandstone at 1,511 feet ¢ inches...._................. 11 6| 1,518
SANABLOMO. .. . .. oottt a e e a e aannaae 10 61,528
Hard, sandy shale. .. ..o oot iiiie e 1 41,53
LT 211,530
Sandstone, light, with two steatitic partings..... ... ... ...t 4 011,534
Sandy shales, with partings of white sandstone........... .. ... ....... 5 10 | 1,540
Shale and SANASEONE. - . . . - oo oo neoeeseaseaean s e e eanae 3 111,543
Light-blue shale, with thin streaks of white sandstona...................... 8 81,551
Sandstone, light blue.. ... ... . ... _......o...... 3 811,55
Sandstone and shale.._ 1 11| 1,557
2 81,560
Light sandstone, fine grained and hard 6 0] 1,566
Blue shale with steatite sections and partings, and some diagonal displace-
ments, with highly polished surfaces...... . .co..o.oiiiiiiimiiarairananann 14 0| 1,580
Saudstoue, coarse, irregular, with iron pyrites, mica granules, and small fos-
SIL A ZINeIIES . oo i i i iieieeiieeeaiiiaasnaaaeieanaaanas 2 011,582
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Log of prospecting well near Forest City, Holt County—Continued.

Thickness. | Depth.
Des Moines—Continued. Ft. in. Ft, in.
Blue shale, sandy and harder in last foot.......... ..o . iillis 4 21,58 2
Fossiliferous sandstone. . ..... ... .........._..... 1 61,587 8
Fossiliferous sandy shale, with horizontal partings 2 4]L5% 0
Blue shale, with vegetable remains; iron pyrites at 1,602 feet 2 inches, 1,605
feet 9 inches, 1,608 feet 1 inch, and 1,608 feet 10 inches....................... 21 5|1,611 -5
Shale and sandstone, with vegetable partings. 1 101,613 3
Fine-grained sandstone, parting freely into small, clear erystals............. 3 711,616 10
Sandstone with a little limestone.............. . . ioiiiiiiiiiaos 3 31,620 1
Mississippian (293 feet):
Limestone (marble ?) with some sandstone. ...._ . ... . .. ....o..o.ieiiao 10 01,630 1
Blue lmestone. . . ... oo e e ieeaaea e 3 5|1,633 6
Sandstone and limestone. e e e 2 10| 1,636 4
Limestone.............. 3 101,640 2
Limestone with many pa. 20 01,660 2
Limestope.................... 8 611,668 8
Limestone, with several mass: 11 5|1,680 1
Ragged uartz and limestone 11 51,69 6
Sandy shale and limestone. . . 1 511,692 11
Limestope and sandstone. . 5 11,698 0
(Block fpr wasted core)...... 2 0|L700 O
Limestone with thin partings. . 18 61,718 6
Blue shale with horizontal partings 1 611,70 0
Limestone with few partings; fossils from 1,738 feet 8 inches to 1,740 feet. ... 30 011,750 0
Hard, light limestone, with fossils and quartz crystals...................... 10 01,70 0
Limestone, with irregular partings at 1,761 feet and 1,778 feet 6 inches to 1,780
feet...... R 2 01,78 0
LAMeStOmne . . et 2 5|L782 6
Very hard quartzite. ... .. . . i J41L78 0
M estOne. - . e i1 61,794 6
{3 T3 o P 21,74 8
Sandy Hmestone. - .. ... ..o 101,795 6
1 T 7 911,79% 3
Hard and sandy limestone. N 1 8(L797 11
Broken chert and limestone. .. ... .. ... .o 10| 1,798 9
Limestone, sandy andhard. .. .................. ... 1 3|1,8%0 0O
Fossiliferous limestone....... ... ... ... .. ... 1 61,81 6
P U, 31,81 9
Fossiliferous limestone. 1 5(1,83 2
Chert ending in quartzite.........._.. PP 1 0]1,8¢ 2
Magnesian limestone; quartz at 1,805 feet 6 inches 5 101,80 0
Limestone, chert, and quartzite, with fossils....... 3 711,83 7
(Block for wasted core)..................... . 7T 511,81 0
Sandstone, light, with some lime : e e ceeaea—aan 1 3(1,82 3
Bluish sandsfone, with lime. .. ... ... . i oiiiiiiitiiiiiiiii. 7 9|L,80 0
Sandstone, bluish, lime inereasing. ... ... ... .. ... .iioiiii.ol... 7 0{1,87 0
Limestome .. ... ..o iiiiiiiieiiiiieeea. 3 01,80 0
Limestone with some marble (?); a few spots of sandstone and chert....... B 5|1,913 5
Devonian (128 feet):
Blue shale mixed with a little lime. . ... .. ... ... . ool 6 711,90 0
Sandy shale. .. ... . ... ... et 3 101,923 10
Shale, blue, green-brown, and red, containing iron oxide. S0 412004 2
Shale, with lime.... . ... ... . ... ..l 19 102,024 0
Shale, fine grained, increasing in hardness.......... 16 0200 0
Bltte Shale. . ..o et 1 172041 1
Silurian (359+ feet):
Fouasiliferous limestone. ...... .. ... i 16 92057 10
Blue Shale. ... e e e eeeeaenaaan 4 92062 7
LAmMestome . . . e iieieaaiaeiaann 17 5]2,08 0
Limestote, some thin partings. ...................... 0 02120 0
Limestone, “ half-inch shale’ . .. . ... .. i 23 02,143 0
LAMeStOMe . . . . o it eaeeeaaanas 19 52162 5
‘White and bluechert. ... .. ... . i 412,162 9
LAINeStOMne. .. oo 34 32197 0
Coarse limestone; cavities lined with quartz crystals. 3 01220 0
Limestone.................. FOU 80 002,280 0
Dark-gray limestone, sandy, hard........ 13 102,293 10
Limestone; many cavities; black-shale par .- 7 3{231 1
Limestone; 2 inches of chert and quartz at 2, i P 18 112,320 0
Limestone, white, fine grained. .. .... ................... . 12 2(2332 2
Limestone; small quartz crystals in last 4 feet 1012,340 0
Limestone; many cavities, often with small quartz crys
spots of chert 10 0230 0
Gray limestone, chert increases.. 1 4235 4
Dark limestone, some chert. ... ... ............ 2 0233 4
Dark limestone, sharp sand with fossils.............. 6 8230 0
Limestone; solution cavities and fossil molds abound.._................._.. 40 02,40 0
(No return of water below 2,350 feet.)
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LINN COUNTY.
BROOKFIELD.
A shaft and boring at Brookfield gave the following section:
Section of shaft and boring at Brookfield, Linn County.

' Thickness.| Depth.

1 Ft. in. Ft. in.

Surface deposits (the rhomboidal limestone should have come in here, 17 feet be-
low the surface, but for some reason it was not found) ........................ 30 0 30 0
Hard rock, next below No. 42, and found in the bed of the creek near by . : 1 10 31 10
Fire clay and shales , 16 0 47 10
**Soapstone™... ... | 2 0 72 10
Coal (NUtter S) .. e e e ' 1 3 74 1
Fireclay and shales. ... ... .. .. . i ittt aaaeans . 4 0 8 1
L6753 473 {113 1 )« V- .- 6 0 94 1
TIard rock. ...l ' 1 8 9% 9
oA PStOme T el . 2 8 148 5
Coal (WOTKING SEAM) . . ... ... e | 2 4 150 9
tirown fire clay and shales. ... ... ... . ... it o 16 0 166 9
ConeTetionS. . ... ieaieeaaaans .l 14 0 180 9
FI1e ClAY - o o o e e ! 10 0 190 9
S.nd rock (lowest rock at Joabs Creek) .. ......o....o.oiioioiiiiil. ! 8 0 198 9
Fire clay . .o e 3 0 201 9
** Soapstone” 4 0 205 9
“Slate” ... ... S 206 5
Fire clay (bottom of shaft) 5 0 M1 05

Below this a boring penetrated the following

oA DSt ONe e 8 0 219 5
FIre ClaY .o oo 4 0 23 5
‘** Soapstone”’ 14 0 237 5
Fire clay..... 4 0 241 5
“Soapstone” 2 0 243 5
Coal... 2 1 215 6
Fireclay oo e 5 245 11
[T Y 6 246 5
Fireclayand shales. . ... ... ... i oot 15 0 261 5
Sandstone . L. it . 8 0 269 5
JTOEE0 421 ) PPN . 10 0 279 5
Hard rock; pyrites. . .. . . i R 8 280 1
oA DSTONe ™ e . 10 0 200 1
“Slate™ and shales. ... .. ... oo . 6 290 7
Concretions.. ... ... .. i 4 0 294 7
Hard rock (not bored through) ... . .. o il 2 0 206 7

ST. CATHERINE.
A shaft and boring at St. Catherine showed the following section:

Sectvon of shaft and boring at St. Catherine, Linn County.d

Thickness.| Depth.

Ft. in. Ft. in.

L0 P 14 0 14 0
Rotten “slate’’. . . . 6 0 20 0
Flinty sandstone. 3 0 23 0
oal. . ....... 1 4 24 4
Clay....... 2 5 26 9
‘* Soapstone .. 22 0 48 9
Hard limestone. 1 0 49 9
Blue sand. .... 6 0 55 9
““Soapstone™. ... ... ... ....... 40 0 9 9
Coal (bottom of shaft) 2 3 98 0

Below this a boring was made and passed through the following:

Fire clay 3 0 0 0
Hard, flinty sand rock s 0 109 0
‘‘Soapstone”.. ... 60 0 169 0
Black “‘ slate” . 4 6 173 6
Ceal......... 2 6 176 0
Fire clay..... 4 0 180 0
‘‘Soapstone ™. . .. 3B 0 215 0
L3 PP 3 0 218 0

e This section and the one at Brookfield are taken irom Broadhead, G. C., Missouri Geol. Survey,
vol. 1, 1874, p. 267.
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About 3 miles from Chillicothe, in sec. 28, T. 58, R. 23, is a gas pros-

pect hole whose mouth is at an altitude of about 825 feet.

The fol-

lowing log has been furnished by Mr. R. Hawkins, of Chillicothe:
Log of gas prospect hole about 3 miles from Chillicothe, Livingston County.

‘| Thickness. | Depth.
Pleistocene (56 feet): Feet. Feet.,
Y el oW Clay - oo 0 30
Soft yellow sandstone. .. ... ... 15 45
Light-colored shales. .. ... . e . 11 56
Des Moines (425 feet):
Hard conglomerate; cased from top, 8tinch ...... ... ... ... 2 58
Black ¢ slate” . e 3 61
Soft light-colored gra,; . 69 130
Sandstone, with 6-inc 3 133
Light-colored shales. ... ... .. .. ... . . ...l 57 190
Black ““slate”............. 4 194
Gray shales. ..o iiiieaiaaaaas 36 230
Red and greenish-gray shale; caved....._ ... ................ 8 238
Dark shales with barren coal seam; cased from top, 73-inch.. .. R 13 251
LAMestone. ..ot R 1 252
Grayshales....................... R 45 297
Brown ¢ smut”’ . 3 300
Drab and pur%lle clays and shales, with coal particles. R 48 348
Soft, nearly white sandstone, rounded grains........... 3 351
Black sand shales; saline water at 406 + feet ... ... . ............ 79 430
Porous conglomerate; saline water..................... 12 442
White, plastic fireclay. ... . .. ... ............. . 10 452
Sandy coal and fire clay, gray to purplish. ... ... .. ..o 29 481
Keokuk and Burlington (319 feet):
White, very hard, flinty limestone...................ccccoiiiiiiiiiiiioL.. 3 484
Soft white limestone, with flinty layers and a soft white substance (gypsum?)
not a carbonate. . ... i . 38 522
Sandstone, flre clay, ‘ slates,”” and pebbles; saline water.. 62 584
Soft, chalky limestone. ... . ... ... ... ... ... 12 596
Flint or quartzite sandstone, shales, etc - 6 602
Black shales, very little lime............ . 14 616
Soft sandy gray calcareous rock.................. R 20 636
‘White and blue calcareous shales and flint R 9 645
Soft sandy gray caleareous roCK. ... .. ... ... .ceieiieiniieiaoaa. . - 69 714
Dark plastic to hard joint clay, caved badly; cased, 4} inch, at 762 feet _ 48 762
White limestone. ... .. i 4 766
Dark ‘“hydraulic’” limestone 13 779
Pure, soft white limestone. .. .. ... . iiiiiiiiiiiiiiaiaao 21 800
Chouteau (81 feet):
Brownish mealy limestone; saline water. ... .......cooo.oiiiiiiiiiiiiiiiaas 46 846
Crystalline limestone. ....._ ... ... ... ...l 8 854
Dark impure limestone; saline water 27 881
Hannibal formation (101 feet):
Fine yellowish-gray limesand. .. ..... ... ... ... ..ol 25 906
Light to dark gray limestone, with some yellowish sand.. - 11 917
Gray to orange sandstone, with some lime; gas 65 982
Devonian (94 feet):
Limestone, with black organiecmatter. . ... ... . .. ...l 8 990
Limestone, with gray sandstone at top . 75 1,065
Fine brown lime sand, with pyrite,ete.. ... ... .. .. ...l 11 1,076
St. Peter sandstone (25 + feet):
Hard quartzite. . ... ... e 20 1,
Pure white sand, with saline water; caved.. ... ... ... ... ...l 5 1,101

UTICA.

In sec. 2, T. 25, R. 56, in the valley of a small branch which empties
into Shoal Creek, about 5 miles southwest of Utica, Livingston County,
is a well owned by G. H. Lawson. Depth, 421 feet; altitude above
tide, about 660 feet; casing, 5% inch; 400 feet (partially cased);
temperature of water, 59° F.; of air, 76° F.; flow, weak; date of com-
pletion, 1897; driller, C. P. Thomas, of West Bend, Iowa; cost of
The principal

well, $1,000; surface formation, lower Pennsylvanian.
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source of the water is at a depth of 360 to 370 feet, in the soft basal
sandstone of the Cherokee shales. A nonflowing vein of water was
reached at a depth of 35 feet. The present flow is feeble, the water
rising only about 10 feet above the surface. The well was sunk to
obtain water for stock, but the flow was so weak—only about 40 bar-
rels per day—that the owner put in a $1,500 pumping plant. The
water is saline, with a small amount of hydrogen sulphide and some
iron, which is precipitated around the well. No record was kept.
The drill, however, passed through the Des Moines into the Mississip-
pian. The following is a copy of the analysis of this water made by
Professor Schweitzer, no date being given:

Amlysts of water of Lawson well, near Utica, Livingston County.e

- Parts per million. Parts per million.
Silica (S10g) . ccveiiii i 13 | Potassium (K). ... . ........... 45
Tron (Fe)........................ 10 | Sulphate radicle (SO,) ............ 1, 589
Calcium (Ca).........co.ooo. ... 312 | Chlorine (Cl)..................... 4, 250
Magnesium (Mg)................. 136
Sodium (Na)....coooooiioio... 2,728 8,783

This water, though strongly saline, is said to be excellent for stock,
and is a good example of the waters that are derived from the base of
the Cherokee shales.

MERCER COUNTY.
WASSON CREEK.

Two and one-half miles south of Lineville, Towa, in Mercer County,
Mo., in the east half of lot 2, NW. 1 sec. 1, T. 66, R. 24, in a valley
about 100 feet from Wasson Creek, is a well owned by M. B. Haver
& Son. Depth, 153 feet; altitude above tide, about 672 feet; depth
of casing, 27 feet; temperature of water, 53° F.;® of air, 65° F.;
flow feeble; date of completion, 1879; driller, J. H. Reger, Lineville;
cost, $150; surface formation, Des Moines, under Pleistocene.

The partial record of this well which follows was given from
memory by the driller:

Log of Haver well in Mercer County, near Lineville, Towa

Thickness.| Depth.

Ft. in. Ft. in.

PleiStoCene. . . .. i 27 0 27 0

Blue bastard imestone. . ... ...t 10 28 0
*Marias des Cygnes” shales (Pleasanton) (125 feet):

B L 01 743 4 V<IN N 8 0 36 0

Grg.f“sla,te” 35 0 71 0

oal........ 2 71 2

Fineclay... 5 17

Sandstone. . 30 74 7

QGray ‘‘slate” 30 0 104 7

oal ... ... 3 104 10

“‘Slate’” and thin coal seams 45 2 150 0

Sandstone. .. ... ... 30 153 0

a Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States Geological Survey. -

b In Sweitzer's report on Mineral Waters, vol. 3, Missouri Geol. Survey, 1892, p. 128, A. E. Woodward
gives the temperature of this well in 1802 as 52° F., air temperature 71° F.
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It is possible that the 1 foot of limestone is the base of the Mis~
souri group. At the bottom of the well the drillers struck a quick-
sand that was so difficult to penetrate that they stopped work.
Water was struck at 27 feet and in the sandstone at 150 feet. The
water came up slowly during the night and flowed gently over the
top of the pipe. The flow, although constant, is very feeble when
not pumped. The analysis here given was made by Woodward and
Schweitzer:¢

Analysis of water from Haver well, near Lineville, Iowa.b

Parts per million. Parts per million.
Silica (SiOg) ceevoaeeaei 2 Potassium (K). ... ............ 16
Aluminum (Al) ............... 2.6 | Sulphate radicle (80,).......... 2, 245
Caleium (Ca) .........o.o.... 9.6 | Chlorine (C1)...............o.... 171
Magnesium (Mg) ............... 11 —
Sodium (Na) ..........co..... 1,047 3,504.2

This water has a local reputation and is shipped to various points.
It is esteemed as especially valuable for constipation and stomach
and kidney troubles. Schweitzer places this well in the Glauber
salt (sodium sulphate) group of the sulphatic waters, or those con-
taining sulphates as their main constituents. He has shown that
dolomitic limestone containing gypsum, as associated with marls
rich in alkalies, or other rocks containing alkaline carbonates or
silicates are favorable for the formation of Glauber salt springs or
wells. -

About 250 feet southwest of the Haver well is a well owned by
J. H. Reger. Depth, 158 feet 8 inches; altitude above tide, about
680 feet; temperature of water, 54° F.; of air, 65° F.; water rises
nearly to the surface; date of completion, February, 1892; driller,
J. H. Reger; surface formation, Des Moines, under Pleistocene. The
water is strongly chalybeate, and in this respect differs from that of
the Haver well, which contajns no iron. 1t is valued as a tonic and
in kidney troubles.

A well in the immediate vicinity owned by J. S. Haymaker has a
depth of 202 feet; altitude above tide, 672 feet; casing, 6-inch, 92
feet; temperature of water, 53° F.; of air, 65° F.; water rises nearly
to the surface; date of completion, March, 1902; drillers, Frank
Bowles and Ed Jumper; cost, $250; surface formation, Des Moines,
under Pleistocene. The first water was struck at a depth of 134 feet
and rose within 26 feet of the top of the well; a second vein of water
was struck at a depth of 175 feet which rose within 23 feet of the
surface. The log of this well corresponds to that of the Haver
well; the water also is similar and apparently has the same com-
position.

a Missouri Geol. Survey, vol. 3, 1892, p. 128,
b Expressed by analyst in grains per gallon; recomputed to jomnic form and parts per million at
United States Geological Survey.
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PRINCETON.

The following record of a well 10 miles southeast of Princeton,
Mercer County, was obtained by Mr. R. Hawkins, of Chillicothe:

Log of well 10 miles southeast of Princeton, Mercer County.

Thickness. | Depth.
Plenstoeene (180 feet): Feet. Feet.
B e e e e e et e et aeet e eaae e aaetaeaaeaeaaran 180 180
Des Momes (321 feet):
Hard rock, aboutb. ... .. . i 10 190
Conglomera,t,e 30 220
Not reported. 20 240
Coal....... 4 244
Hard white 13 257
Coal....... 5 262
Shales._..... 3 265
NOt reported . . ...t iaar e 236 501

No water was obtained.

NODAWAY COUNTY.
BURLINGTON JUNCTION.

At Burlington Junction, Nodaway County, one-half mile south of
the Chicago, Burlington and Quincy Railway station, is a well owned
by the Nodaway Valley Oil, Gas, and Mineral Company. FElevation
of curb, 969 feet; driller, Sherman Bardick; date of completion,
1905; kind of water, saline. The following log is taken from the
original recor¢ of J. N. Maupin:

Log of the well of Nodeway Valley O1l, Gas and Mineral Company, Burlington Junction,
Nodaway County.

Thickness. | Depth.
Pleletocene (68 feet): Feet. Feet.
........................................................................... 68 68
Mnssouri (910 feet): o
Blue shales 459 527
Yellow oche: 18 545
Sand shells 100 645
Salt sand 20 665
Lime shells 30 695
Shale........ 40 735
Hard blue limestone. .. ......ieiiiii i e 30 765
Lime ShellS. ..o e ieeeeiaieeieeaeaaa 15 780
£ 1T LR 66 846
Limestone... FON e earaaaaan 25 871
Shale........ e e 40 911
Limestone... e e emieeieaaanas 15 926
Shale...... 30 956
Limestone. 20 976
Brown sand. 2 978
Des Moines (722 fi
‘White Trenton rogk................ J N 117 1,095
Gassand............... .- 30 1,125
Black shale, . .. 114 1,239
Brown sand. eee . 1 1,240
Black shale.......................... J. .- 17 1,257
White *“ talc” R ceen .. 3 1,260
Lime shells. ... ... ... 10 1,270
Black shale.. e .. 300 1,570
Lime shells.............ooooiit. . 30 1,600
Black shale sand. .. .1C071III I o] 160
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Log of the well of Nodaway Valley Oil, Gas and Mineral Com pany, Burlington Junction,
Nodaway County—Continued.

Thickness.| Depth.
Des Moines—Continued. Feet. Feef.
Black shale and sand mixed. ... ... .. 30 1,670
Ned Dakotasand............... 2 1,672
Black shale and fine sand 20 1,692
Brown sand. ..o ioiiie 5 1,897
Black shale, sand. peacock colors, and traces of oil. 20 1,717
Mississippian (1864 feet):
Lime sand. ... . 1 1,728
Pebble sand.....coooivennnuaen... 10 1,738
Red Trenton fock or cap roek 165 1,903

This well was sunk for oil, and no record was kept of water horizons.
MARYVILLE.

On the west side of the road leading north from the Burlington
Railway station, in the NE. 1 SE. 1, sec. 17, T. 64, R. 35, is a well
owned by Miss Alice Beal. This well is about 15 feet above the
level of the railroad track. It was drilled in 1884 by Thomas Brown,
of the Diamond Drill Gompany, Chicago, Ill., to a depth of 1,003
feet. It has a 4-inch bore, and is cased 300 feet to solid rock. A
good vein of water was struck at 600 feet. The driller's record book
was loaned to the Missouri State geologist in 1885 and was subse-
quently lost.

. SOUTH-CENTRAL DISTRICT.

GENERAL ARTESIAN CONDITIONS.

The south-central district includes the area between the Atchison,
Topeka and Santa Fe Railway and a line running from Kansas City
through Sedalia, Versailles, and along Osage and Missouri rivers to
Warren County, thence northward along the ridge that bounds the
northeast district to Iowa. Geologically this district is divided by
Missouri River into two well-marked sections. KExcept for narrow
patches of Mississippian in Harrison and Boone, the Pennsylvanian
rocks underlie the northern section. The great dividing ridge, or
northeastern extension of the Ozark dome, running across the north-
ern half of the State, dips gently to the northwest, although it is
broken here and there by slight anticlinal folds and disturbances.
Flowing wells are generally confined to the area along Missouri
River, where erosion has cut down the surface to such a degree that
there is sufficient head for the underground water. South of Mis-
souri River, Cambrian rocks are exposed on the west slope of the
Ozark dome, but the dip to the northwest brings successively to the
surface the Mississippian, Des Moines, and Missouri rocks. Along
this slope, which is decidedly broken and disturbed in Saline and
Cooper counties, conditions are favorable for artesian waters. The
development of anticlinal folds along the western side of the Ozark
Mountains has left its impress on the topography and especially on

1ER 195—07—6
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the course of the rivers. An anticline that enters Missouri from
Kansas just south of Kansas City has deflected Missouri River at
that point from a southerly to an easterly course, across several
anticlinal ridges with a northeast-southwest strike, which pass from
Vernon County through Saline County and deflect Missouri River to
the north. One of these axes is well defined one-fourth of a mile
east of Napton, on the Missouri Pacific Railway, and near Lisbon,
on the other side of the river, the continuation of the axis is exposed.
At Higbee a well 300 feet deep reached the Mississippian series at
240 feet, showing that one of these anticlinal folds probably stands
near this point. It is likely that this anticline has an important
bearing on the saline waters of Saline and Howard counties. There
are flowing wells at or near the following places: Brunswick and
Salisbury, Chariton County; Randolph Springs, Randolph County;
Malta Bend and Sweet Springs, Saline County; Boonslick and Fay-
ette, Howard County; Sedalia and Smithton, Pettis County; For-
tuna, Moniteau County; Olean, Miller County; California, Moniteau
County; Cedar City, Callaway County, and in southeastern Cole
County.
AUDRAIN COUNTY.

MEXICO.

At Mexico, Audrain County, the waterworks company drilled a
well 1,025 feet deep to supply the city with water. The altitude of
Mexico, at the Chicago and Alton Railway station, is 811 feet. The
following log was obtained:

Log of waterworks company well, Mexico, Audrain County.

Thickness.| Depth.
Plexstoeene (15 feet): Feet. Feet.
1S 221 R 15 15
Desﬂdonnets fea i?leti;) t»> of Tt 1 10 . 25
imestone and fragments of gray quartz orgravel. ... .....................
Limestone, soft, drab, earthy..................... 10 35
Limestone, darker and ha.rder with black shale. 15 50
Blackshale... .. .. ... .. .. _......o....... . 2 52
Limestone, soft, light bluish gray. .. 13 65
Shale, black, DIEUMIOUS - -« oo oo 5 70
leestone, fine grained, with fragments of black shale 50 120
Limestone, fine grained, soft, light gray, no shale..... cea 20 140
Coal, DICUTINOUS oo .\ oo oo eeoe e e 5 145
Miss ssxpplan (420 feet):a :
Chert, hard, gray, yellowish coating on some fragments..................... 15 160
Chert, hard, gray hornstone, some white and opaque. . .. 40 200
Limestone with some chert and shale. . ............ 250 450
Sandstone, rounded, white, translucent quartz grain
chert. ... ... ...l 80 530
Limestone, soft, gray, earthy. . 35 565
Limestone, soit gray, with green 65 630
Sandstone, Whlte quartz, chert, limestone and shale........_........_. 40 670
leestone gray, compact, earthy, some shale...................... 10 680
Chert, whlte, iron staned; a few grans of quartzsand............._ 25 705
Limestone, compact, earthy; some shaleandchert.............._... 135 840
Chert; S0TNe 1.meStONe AN ShAle. - ..vomeoneesne e asne e 20 860
Limestone and soft yellowish~-white powder........._..._.............. 10 870
Sandstone, white quartz, with considerable l.mestone. ... ... ......... 10 880
Limestone, 80ft, By - v cureemtitia i .. 9% 970
Limestone in soft white POWART. . ot 55 1,025

a The correlation below 565 feet becomes too uncertain to be of any value.

Y
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The following is a sanitary analysis of water from this well, made
by Prof. Charles R. Sanger, of Washington University, St. Louis:

Sanitary analysis of water from waterworks well, Mexico, Audrain County.

[Samples collected October 5, 1896.]

Parts

per million.

Total residue from unfiltered wa-

7<) N 531
Loss on ignition from unfiltered

water. .. .. 52
Fixed residue from unfiltered

water . ... ... il... 479

Total residue from filtered water . 479
Loss on ignition from filtered

42
Fixed residue from filtered water. 437

Parts
per million.
Chlorine. ...... ... ... ... ...... 45.7
Permanent hardness.............. None
Temporary hardness..._.......... 275
Lime (CaO). ..o 99.5
Magnesia (MgO)................... 52.5
Alkali carbonate................. 54.8

Turbidity, slight.
Sediment, very slight.
Color, none.

Taste, slightly alkali.

Nitrogen as free ammonia . ...... 558 Odor, none.
Nitrogen as nitrates...._........... .06 | Bacteria after 96 hours culture, 378
Oxygeh consumed............... 98 per cubic centimeter.

VANDALIA.

There are about 45 drilled wells near Vandalia, Audrain County,
varying from 120 to 450 feet in depth. It has been impossible to
obtain the logs of any of these wells, but it is stated that they furnish
an abundance of water for stock and farm purposes, and that water

rises within 25 to 75 feet of the surface.

The water-bearing forma-

tions in these wells are usually gravel or sandstone, and the water is
commonly hard, with occasionally some sulphur.

BOONE COUNTY.

COLUMBIA.

Two miles northeast of Columbia, Boone County, is a well owned
by the city of Columbia and drilled by Cliff Rummons. The follow-
ing log was received from Messrs. M. L. Fuller and S. Sanford:

Log of well near Columbia, Boone County.

Thickness. | Depth.
Feet. Feet.

SOft FelloW ClaY . .. oot et ettt e eacr e raaaaraaaaneae s 40 40
Whitelime, ... ............. . 40 80
Soapstone blue, with gravel 4 84
Blue shale, ight in color. . 36 120
Shale, mundic, some sand mixed; ca 330 450
Blue lime rock, easy drilling. ... ... ... . i, 100 550
Blue flint rock, with crevices and a light showing of zincore.................... 25 575
‘White sand and line roeK. . ... . i ans 100 675
Soft light flint roCk. .. ... ... it 85 760
Open crevice; full of water, which was analyzed at Missouri University and
w}l)]roved tobeofafinequality.. .. ... . .. ... U 15 775

ite and blue flint. .. o oo . e 25 800
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CALLAWAY COUNTY.

CEDAR CITY.

A well at Cedar City, owned by F. M. Pease & Co., of Chicago, was
drilled by Charles York, of Allentown, Allegany County, N. Y. It
is situated in a stream bed about half a mile from the Missouri River
bottoms, at an altitude of about 560 feet. It was drilled to a depth
of 1,282 feet, with a 10-inch bore, and completed in 1902. Water was
found in sand, and flowing water was reached at depths of 182, 220,
and 423 feet. The flow from the 423-foot level was strong. -The
force increased at 700 and 800 feet and was strongest below 1,200
feet. Mr. S. W. Cox states that the flow was so strong at 1,282 feet
that the drill could make no headway, and work was stopped. The
water is clear, cold, and soft. The drilling was started in the Jeffer-
son City limestone.

FULTON.

At Fulton, Callaway County, there are a number of deep wells,
from two of which the city derives its water supply. Well No. 1 was
drilled in 1888 to a depth of 785 feet with a 9-inch bore. Well No. 2
was drilled in 1895 to a depth of 703 feet with a 9-inch bore. The
following information was secured through the kindness of Mr. D. K.
Greger, of Fulton:

The temperature of the water from these wells is 58° F., the air
temperature 72° F. The altitude is 814 feet above tide. A strong
flow was struck at a depth of 450 feet. The well was cased to this
depth, and the water rose within 240 feet of the surface. Both of
these wells are located inside of the pump house, and they obtain
water from the same bed, as when No. 2 was drilled below 450 feet
the cuttings caused the water in No. 1 to be discolored. The stratum
struck at 450 feet was the St. Peter sandstone. As the beds dip
north by northwest this formation comes to the surface toward the
southeast in the Ozarks. The following log gives the record for both
of these wells:

Log of wells Nos. 1 and 2, Fulton, Callaway County.

Thickness. | Depth.

Pleistocene (40 feet): Feet. Feet.

Soil, clay, shale, shaly sandstone...... Meseenseensenvesmeneasnanaainnaaaaaanna 40
Graydon sandstone (80 feet):

Graydon sandstone coNGlOmMerate. . ... ..cceeeeeenecemaneaeacnameenaeaannn
Burlington (20 feet):

Limestone, Light gray. c...cu. it iiciii i cieatimeaaaemnann
. Limestone, Ted-DIrOWN ... ... .ottt iiiiaiceeninr e

Kinderhook (3 feet):

Sandy, yellow shale. .. ... ime it imiiaeaeeinavnnaneaeaenaaas 143
¢« Hamilton’’ ¢ (70 feet): .

Shale, white, ineuttings. ... ... . i 3 174

LAMESLOME . . - .o e ettt tiaaittieeeeieiiaieraeeanaaan 39 213

aThis Hamilton has been described by D. K. Greger (Am. Geologist, vol. 12, 1893, p. 204) from out-
croppings in the county. Mr. Greger further states that the Chouteau limestone is not developed in
this region; that the Trenton and Hudson River are likewise missing; and that the Devonian rests
%irf,ctly 01(1i ttlée magnesian series—in some places on the Joachim limestone and in others on the St.
eter sandgtone.

120

132
140

=
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Log of wells Nos. 1 and 2, Fulton, Callaway County—Continued.

Thickness.| Depth.

Joachim limestone (42 feet): Feet. Feet.

Buff magnesian limestone. . ... ... ... .l 42 255
St. Peter sandstone (120 feet):

SanASLONe . .ot 126 375
Jefferson City limestone (214 feet):

Buff magnesian limestone; strong water at 450 feet_ ... .. ... ............. 214 589
Roubidoux sandstone (65 feet):

BAanAStONe. ..o oo et 65 654
Gasconade limestone (131 feet): .

B 41T 7 P 126 780

BANAStOme. . .. e i 5 785

The following analysis® was made April 5, 1904:

Analysis of water from well No. 1 at Fulton, Callaway County.

Parts per million.

Total residue after evaporation... ... ... ... ......._..... e 531
Chlorine. o ... o 12.5
Oxygen consumed. ... ... ... ... 1.75
Free ammomnia. . . . ... ... .48
Albuminoid ammonia. . . . . ... ... .55
B 1 e .31
A 7 None.
Color, clear.

Odor, none.

Bacteria in 1 cubic centimeter (} teaspoonful of water, agar pits counted the third

day), 118,115.

Growth of bacteria in beef tea at 40°—42° C., cloudy.
Intra-peritoneal injection of beef-tea culture, incubated at 40° C. for twenty-four
hours, killed guinea pig.

At the State hospital No. 1, one-half mile east of Fulton, are two
deep drilled wells, one on a hill and one on a plain, 960 agnd 904 feet
deep, respectively. The principal vein of water was found in both
at about 800 feet in black porous sandstone. The water rises within
180 feet of the surface.

Another well is located at the deaf and dumb asylum and still
another at the tobacco factory, but no data for either of these could
be obtained.

CHARITON COUNTY.
BRUNSWICK.

One-fourth of a mile north of the Brunswick city hall, in sec. 3, T.
53, R. 20, on a bluff overlooking Missouri River, is a well owned by
S. Benecke & Co. Depth, 1,505 feet; altitude above tide, 712 feet;
casing, 8-inch, 600 feet; temperature of water, 53° F.; date of comple-
tion, 1887; surface formation, Des Moines. This well was sunk in the
hope of obtaining natural gas. As this was not found at a depth of

a Bull. Missouri State Board of Health, April, 1904,
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1,505 feet, the well was cased to 700 feet, and since then the mineral
water has been used for drinking and bathing purposes. The log of
the well has been lost. The following information was given from
memory by the owner of the well: '

Solid Mississippian limestone was struck at a depth of 130 feet,
everything down to that point being Des Moines. “At a distance of
about 300 feet @ we struck a very strong salt water, one tin cupful of
which when evaporated left a teaspoonful of salt. When we reached
1,400 feet, the water began to flow freely and continued to do so long
after we abandoned the well.”” The flow has, however, been decreas-
ing from year to year, and at present the water stands within 10 feet
of the surface. It is probable that the main flow was derived from
the St. Peter sandstone at a depth of 1,400 feet. Mr. Benecke further
states that a bed of fine white marble was found somewhere in the
neighborhood of 900 feet. This was probably dolomite. The folow-
ing analysis is given by Schweitzer in his report on the mineral waters
of Missouri:

Analysis of water from well at Brunswick, Chariton County.b

-

Parts per million. Parts per million.
Silica (8i0y) c.ooovieiii L 5 | Bicarbonate radicle (HCO;). . ... 597
Calcium (Ca) . ... 740 | Sulphate radicle (SO,)............ 1, 304
Magnesium (Mg)................ 329 | Chlorine (Cl)......coiniaiiians 8,228
Sodium (Na)..................... 4,706
Lithium (L) eemen e Trace. 15, 509

This water, which is strongly saline and highly charged with sul-
phureted hydrogen, comes under the second division of Schweitzer’s
muriatic waters and is somewhat similar to that of the Louisiana well.
At one time this well was a popular resort. A bath house, since
destroyed, was built, and the water was also used internally because
of its aperient qualities. The well cost about $3,500, of which the
city paid $2,000 and the citizens the remainder.

SALISBURY.

In the southeastern part of Salisbury, on a gentle southern slope, is
a well owned ‘by the city. Depth, 852 feet; altitude, above tide, 740
feet; casing, 6-inch, 100 feet; teniperature of water, 58° F.; flow, weak;
date of completion, 1896; cost, $2,500; surface formation, Des Moines.
The city of Salisbury started this well in 1895 and finished it in 1896.
No record of the drilling was kept. It is stated that the drill passed
through 6 feet of soft loam, about 70 feet of soft sand, and 60 feet of

o This was probably in the Hannibal shales.
b Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States Geological Survey.
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white sandstone.
ond at 210 feet, both being fresh.
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The first water was reached at 150 feet and the sec-
At a lower level, below 600 feet, a

flow of salt sulphur water was obtained. The flow has not materially

changed. The water is used medicinally for drinking and baths.

The

following is an analysis of this water made by Schweitzer in 1896:

Analysis of water from well at Salisbury, Chariton County.a

Parts per million. Parts per million.
Silica (SiOg).cvuiieeeaaiiaot 21 Lithium (Li).........oooooos .56
Iron (Fe).... ..ot 5 Carbonate radicle (COs)....... 454
Manganese (Mn)................ 1.2 | Sulphate radicle (80,)...... .. 1,346
Caleium (Ca)................. 491 Chlorine (Cl).........o....... 6,030
Magnesium (Mg)-............. 396 | Bromine (Br)...ccceeveean.o... 12
Sodium (Na)................... 3,538 e
Potassium (K)................ 61 12, 356

The water is a muriatic water of value. Its salts of iron, manganese,
magnesia, and lithium, ‘as well as the bromide, give it the..peatic
effects. The source of this water is doubtful. It is greatly to be
regretted that the drillers of several important wells in this district
have either kept no logs or lost those which were kept.

COLE COUNTY.

EUGENE.

Three miles southwest of Eugene, Cole County, in sec. 13, T. 41,
R. 14, is a well owned by the Bell Tunnel Mining Company, and drilled
by Charles E. Miller. The following log was received from Messrs.
M. L. Fuller and S. Sanford:

Log of well of Bell Tunnel Mining Company near Eugene, Cole County.

Thickness. | Depth.
Feet. Feet.

E[ay anqt%helrt ................................................................... g N g

ime, with clay openings, water..
Hard, blue lime...... ng o 5 ! 60
Open ground in limewater. .. - 5 65
Blue lime and caleite. ... .... I 13 78
Gray magnesia lime with layers of flint at intervals; water stronger as greate

depthisreached. .. ... . i i e 158 236

This well is probably in Jefferson City limestone.
MISCELLANEOUS WELLS.

In southern Cole County, and in Miller County adjoining, a number
of prospect holes sunk for mineral struck water that rose to the sur-
face. Two of these are located on the farm of Dell Karr, about one-

o Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States Geological Survey.
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half mile east of Bass post-office on the south line of sec. 31, T. 43,
R. 12. One of these wells was 110 feet deep with a 6-inch bore, and
was drilled about 1901 by Mr. Groover, of Jefferson City. The water
flowed feebly at the surface. Twenty-five feet away another well was
sunk to a depth of 50 feet. Both of these probably obtain water from
the Gasconade limestone. No log was kept. _

One-half mile south of the Karr place, on the farm of Daniel Schrei-
ber, two prospect holes were sunk. In the one in the valley the
water rose 5 feet above the casing; but the one on the ridge, about 50
feet higher, did not flow. One-half mile southwest of the Karr place,
on the farm of Mrs. Annie Barnhardt, a prospect hole sunk to the depth
of 100 feet resulted in a flowing well. One mile due south of the same
place Mr. Marstellar has two flowing wells, each about 100 feet deep.

About 2} miles south of Hickory Hills post-office, on the Wallace
Scott property, near the middle of T. 42, R. 13, on Bob Druly Creek,
three prospect holes within half a mile of each other were sunk to a
depth of 100 feet each. These were all 6-inch holes made by a
churn drill.  Of these wells the one near the mining shaft has a feeble
flow; another, a quarter of a mile to the east, is much stronger, and a
third, a quarter of a mile to the southeast, gives a good stream of
water. The temperature of the water in these wells is 58° F., with the
air temperature 93° F. The water is clear, with a slight odor of
sulphureted hydrogen. All of these wells probably obtain water
from the Gasconade limestone. Another well, three-fourths of a mile
northeast of Hickory Hills, obtains flowing water at a depth of 217
feet.

HOWARD COUNTY.
BOONSLICK.

In a narrow valley a few hundred feet below the old Boonslick salt
springs, where Daniel Boone settled and manufactured salt, is a well
owned by W. M. Marshall, of Boonesboro. The writer is indebted -to
Prof. A. F. Hendrix, of Kansas State University, for the log of this
well and for assistance in various other ways: Depth, 1,002 feet 4
inches; altitude above tide by aneroid barometer, 599 feet; casing,
11-inch, 400 feet; temperature of water, 62° F., of air, 88° F.; flow,
20 to 30 gallons per minute; date of starting, 1869; of completion,
1872; surface formation, Des Moines, under Pleistocene.
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Log of Marshall well, Boonslick, Howard County.

(2t S

Thickness. | Depth.
Pleistocene (22 feet): Ft. in. Ft. in.
Soil (wooden conductor 10 inches SQUATE) ... .. ...ooveieieieeramaacaannnnn 2 0 22
Des Moines (66 feet 11 inches):
FHNE POCK. < L ettt it iaeeiaeeaecaareanaaaan 2 10| 24 10
Hard limestone. .. ..ot it iiecaiaaeeramaaean 2 0 26 10
Hard gravel. ... ..o s 1n 279
Soft Hmestone. .. c.veuruee it eeaa e 2 2 29 11
DIy R eVICe . . .ot e tiaeaeaaa——an 7 30 63
Hard flint; fresh Water. ... ..o .o i it aieaaaeeann 6 9 37 3%
Slaterock................o.oo...... 8 37 11
**Stone coal” .. 2 6 40 5
““Slate’..... 10 41 3
**Soapstone” 19 6 60 9
Blue limeston 4 34 6 1
‘White limestone; small vein of salt water......... ... ... .c......o... 3 0 68 1
Soft White Hmestone. .. ..v..oou.oouiees oot 5 6 3 7
Flint bowlder. .. ... i 1 6 %1
White HMeStone. . . ..o oot 6 9 81 10
Btome conl . L it 7 8 5
O B0ADS OMe ittt eeeaeaeiaoaaaaaaas 4 2 8% 7
Flint and limestone. . . ... . . i 1 2 8 9
B 1o 1 e 1T S 1 2 88 11
Mlssmsn[i;pmn (217 feet 1 inch) :
............................................................... 5 89
Coarse gray limestone. .................. ... ciiiieiiiiiiiiiiiiiea. 13 7] 102 11
White imestone and fHnt. .. ... .. ... .. iiiiiiiiiieiiiiianaaa. 3 0 105 11
Coal‘se gtay HIESTONE . .. ..ottt e e 2 oP107 11
.......................................... 5| 108 4
Coarse ay limestone. .......................... 1 7] 109 11
‘White shale, flint. . ... iiiiiieiiiiiieiieaeeaa.. 2 16| 112 9
Gray limestone and ) 171 R PO 1 41 123 1
Black flint. ...t 4 123 5
White HIestone. (... ... ool i 1 6 124 11
Hard white flint. . ... .o i iiieiiieiiiieaeiaana 1 1) 126 0
Soft Hmestone. ..ot i 9| 126 9
Hard gray flint.. 71 127 4
Gray limestone.. 4 0} 131 4
Black flint. .. .. . 41 131 8
Gray hmestone 1 0] 132 8
White flint. ... 41 183 0
‘White limestone. .. ... ittt iierraaaanas 5 1383 5
White flimt .. ... 3| 133 8
‘White limestone...................... 5| 134 1
‘White sandstone..................... 3 3 137 4
White flint. ... ...l 7 137 11
White sandstone...............coooaiiil.. 4 6/ 142 5
hite flint. ... . ...l 1 5 14 10
Blue sandstone............oo..oo.iiiiiill 9| 144 7
White flint.. ... il 1 3| 146 10
‘White sandstone..................o........ 1 4| 147 2
‘White sand and flint mixed.................. 8 147 10
Crystallized white flint. ... . ............... 9 148 7
Coarse gray sandstone....................... 9| 149 4
Blue flint ... ... 3| 149 7
‘White sandstone..................c.......... 6| 150 1
Blue flint. ... ... i 9| 150 10
Brown sandstone................o..ooii.l. 5| 151 3
Blue flint. ... .. . ... 4| 151 7
Black sandstone...........c.o.ooooiiiil 9| 152 4
White limestone and spar ........................... 1 3| 18 7
Fine white sandstone. . ... .. .. oot iiiiiiiaaaaaeas 1 3| 154 10
Blue Bint . ... eeaaaaaaan 5] 155 3
White sandstone. . 2 3| 151 6
White flint 1 0} 158 6
Gray flint_ . 1 3| 159 9
‘White sand 9] 160 6
Gray flint 6| 161 0
White flint; water and 3 9 164 9
White sandstone. ... .. 25 3 190 O
Black sandstoneand shale.. .. .. .. ... . . .. iiiiiiiiiiiiiiiiiiiiit 12 6| 22 6
Gray SanasStONe . . . ..ttt ciaaiaeaeacacenaaeaaaeaan 9 0| 211 6
Coarse sandstone and shale. . ... ... ... ... i iiiiiiiiaiiiiiiiiil. 1 6| 213 0
Hard white sandstone. ... . ... c.ocieiiiiiaiii et erarceacaaraann- 3 0| 216 O
Gray sandstone and shale mixed.. ... ...t it 54 0| 270 O
Black and white sandstone and shale. . ... .. ... ... . .. c.iiiiiiiiiiinn. 36 0| 306 O
Devomnian and Cambrian (696 feet) :
Blue sandstone 7 0 313 0
Fine white sandstone..._.. 4 0| 37 O
Brown sandstone and shale. 1 0} 328 0
Black sandstone..._........ 5 0 333 0
Brown sandstone and shale. 9 0 g‘g g
.............................................. 9

White flint.....coceveennnna..
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Log of Marshall well, Boonslick, Howard County—Continued.

Thickness. | Depth.

Devonian and Cambrian—Continued.
Gray sandstone
White flint. .

%mﬁ?

Blue sandstone. .. .
White sandstone......... . . et
White limestone and flint. . _._......_........_.. e eateaneaeanas
Sandstone................ [ .
Whiteflint. ... ... . .. ... e
Soft white sandstone................ e et
Whiteflint. ... ... ... ... ... .. e
Brown sandstone..._............... e - ..
‘White shaly flint. ..
White soft sandsto
‘White flint. ...
Sandstone, li
Blue sandsfone...._....
White sandstone and shale; salf water; stream increased one-third at 482
feet L imeh. ..o it eeeeaeeaaceaaaan
Sandstone........................... ceee it
White sandstone and flint_...... ... FU. et
White “cotton rock™._............. e aaeaneaaas
Soft white sandstone... e
Blue flint bowlder...... e eeaeenaaas et
Whitesandand flint. ... .. ... .. ... ... ... e -
Blue sandstone and shale,
White sand and fling
White sandstone.
White flint._.....
‘White sandstone.
White shaly flint
Softt;vmte sandstone; small addition of water, very strong and offensive
R 217418
Sandstone. ... ... . iiiiiaiie e
Coarse white sandstone; fresh water said to have come in here.
(03 44 1 T
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The water from this well is strongly saline and highly charged with
sulphureted hydrogen. The ground around the ditch is covered with
a _black and white deposit. When visited by the writer, July 28,
1904, the well had an estimated flow of 20 gallons per minute. The
following data were obtained: At 37 feet water was obtained; at 68
feet weak salt water; at 164 feet 9 inches the size of the stream had
increased one-fourth, with the amount of salt about the same as the
outside stream, or 4} per cent; at 482 feet a vein of salt water was
reported, with an increased strength of one-third; at 708 feet 7 inches
a small amount of water was reached which was very strong and
offensive with gas, with a corresponding increase in strength of brine—
from 4} to 9 per cent. A 10-inch square wooden conductor was put
down to the hottom of the quicksand, a distance of 22 feet. Below
this a 13-inch pipe was inserted (Schweitzer states that a 3-inch pipe
was inserted to a depth of 400 feet). The volume of water is suffi-
cient for a 24-inch pipe.

The log states that fresh water came in at 1,001 feet. Mr. Price
Cooper informed the writer that he was on the ground when the well
was sunk and that no fresh water was obtained. Others make a
positive assertion that there was fresh water. This question has an
important bearing on the possibility of a fresh-water supply in the
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immediate vicinity, and it has already been discussed at Fayette,
where the problem of city water supply is serious and where the
advisability of sinking the present deep well down to the supposed
fresh-water supply found in the Boonslick well has been considered.
The following is an analysis of the water from this well, made by
“Woodward, probably in 1891, and pubhshed in Schweitzer’s report on
the mineral waters of Missouri.c

Analysws of water from Marshall well, Boonslick, Howard County. b

Parts per million. Parts per million.
Silica (S10) . - < ceevoiiiiiioL 18 | Sulphate radicle (SO .......... 1,392
Calcium (Ca) . ... ...... 967 | Chlorine (Cl). . ... .. ......... 12,071
Magnesium (Mg)................ 413
Sodium (Na). .....eneeneen... 6, 580 21,441

While this is only a partial analysis of this spring, it indicates
some very important conclusions. The saline springs of Saline,
Howard, and Ralls counties have, it is believed, a deep-seated ori-
gin, and the deep wells at Sweet Springs, Malta Bend, Spalding,
Boonslick, and Fayette are either adjoining or near salt-spring
marshes. The wells at Spalding, Boonslick, and Fayette are located
on such marshes. The Big Salt Spring (P1. VI, A), one of a group
of brine springs between the deep wells at Malta Bend and Sweet
Springs, has been described by the writer as follows:¢

The surface rock is near the base of the Mississippian, and the spring proper is
an oval pool about 25 feet in diameter. The water boils up all over the surface of
this pool, and is impregnated with sulphur. Its source is undoubtedly at a great
depth. .

After a brief discussion of the fluctuations of these springs in tem-
perature and of the varying amounts of sulphureted hydrogen,
as revealed by examinations made at different times, the writer
continues: ¢

This central section seems to be a basin which receives the flow from the Ozarks
from the southeast, being apparently inclosed on the south by the Sedalia fold and
probably on the west by smaller folds which have not yet been fully outlined. If
this view can be fully verified it might account for the concentration of salines in
these waters. The presence of a considerable amount of calcium chloride in all the
deep wells and brine springs of this district would presuppose the theory that this.
was a basin early shut off from the sea, in which the original sea water became
concentrated.

The view quoted above has been more fully substantiated by the
studies of the past few months.

Section S (Pl. V, P 36) shows the structure, from west to east
of the Fayette basin in Howard County and of a part of the _Sweet

aMissouri Genl. Survey. vol. 3, 1892, n. 71.

b Expressed by analyst in grains per gallon; recomputed to ionic torm and parts per million at
United States Geological Survey.

¢ S8hepard, E. M., Water-Sup. and Irr. Paper No. 114, U. 8. Geol. Survey, 1905, p. 213.

é Op. eit., p. 214,
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Springs basin in Saline County. To the south the horizons rise
rapidly toward the Ozark Island, and to the north shallow well sec-
~ tions extending through the Pennsylvanian show a rise of the Mis-
sissippian floor in that direction, thus outlining the two well-defined
basins just mentioned. These basins were probably developed early
in the geologic history cf the region, possibly at the close of the Cam-~
brian, the flexures whicl had a northeast-southwest trend being more
or less parallel with the old coast line of the Ozark Island and devel-
oping lines of weakness: which were accentuated by further uplifts.
The presence of these folds is indicated by deflections of Missouri
River, as has previously been described (p. 36). The Ozark Island
has probably been diviled at times, and water connection between
the great east and west seas has existed along what is now the line
of Missouri River. Subsequent elevations of these anticlines to the
north shut off these Hasins and left therein the fossil brines of
ancient oceans, in which the present deposits were afterwards laid
down.

The analyses of the water from the Boonslick spring and the
Boonslick deep well, which are about 400 feet apart, show a striking
similarity. The two ar2 given below for convenience of comparison:

Analyses of water from Boonslick well and Boonslick spring. a

[Parts per million.]

Well. Spring.

Caleium (Ca) .o oeenoeinii i 968 1,105
Ma§nesnum Mg) e 418 |.........
Sodinm (Na)........... 6,590 6,077
Sulphate radicle (SOq4) 1,391 1,440
ChIOTIN® (CD) .« e et e ettt cte e eeasee e 12,040 10,238

a Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionic
form and parts per million at United States Geological Survey.

The similarity of these two waters is striking. The log of the Boons-
lick well gives a record of the varying amounts of saline water found
at different depths, and not until 708 feet was reached was water
found having a composition similar to that which comes to the sur-
face in the adjoining spring, a fact which seems in this case to dem-
onstrate the deep-seated origin of the water. Moreover, the valleys
where these brine springs occur are flat and seem to have been filled,
to some degree, by deposits from the springs.

The Boonslick spring rises from a slightly elevated platform of
muck. The water is highly charged with sulphureted hydrogen.
The mound which the spring has apparently built up around itself is
stained a beautiful purplish-red, the material consisting of clay, alge,
and slime. The purplish algs seem to be covered in places by a dark
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slaty-colored sediment. Mr. J. N. Newman, who resides in the vicin-
ity, states that in the winter the flow from the spring is much greater,
the water boiling up to the height of 1 foot.

FAYETTE.

One hundred yards south of the Missouri, Kansas and Texas Rail-
way station at Fayette is a well owned by the Fayette Mineral Well
Conrpany Depth, 860 feet; altitude above tide, 655 feet; diameter
of casing, 4 inches; temperature of water, 61.5° F.; of air, 78° F.;
surface formation, Des Moines. This well was sunk for the purpose of
obtaining a supply of water for the city, but at a depth of 860 feet so
strong a flow of salt water was encountered that the original idea was
abandoned. The wellis in close proxmllty to the Fayette salt sprmgs,
at the head of a small salt branch. The area occupied by these springs
is about 50 feet in diameter. The Howard and Saline County basins
are both chardcterized by numerous irregular salt marshes and springs
of the same character.

The following log and analysis of the water of the Fayette well have
been furnished by Prof. E. E. Wildman, of Fayette College. The log
was made from samples of drillings preserved by the late J. W. Kil-
patrick, formerly professor of geology in that institution:

Log of well of Fayette Mineral Well Company, Fayette, Howard County.

Thickness.1 Depth.
Pleistocene (135 feet): Feel. Feet.
Loess and sandstone 25 25
[6) 1: 5 . 12 37
Sla.te and gra,ve] ......... .. 34 71
‘‘Soapstone’ (?)........ . 19 ]
Blueeclay................ PO .. 10 100
0B PStONe () Lo e ieeieereaeaaaan 35 135
Des Moines (464 feet):
Flint and limestone ¥ 80 215
Gray flint, soft limestone, andeoal.. ... ... .. . ... ... -. 25 240
Salt and sandstone. ... ...l e 35 275
‘White and brown limestone.. ... . ... . . .. .iiiiiiiieieiieiaan .- 225 |- 500
Salt and sandstone...... 22 522
Sandstone with sulphur. . 49 571
Blue limestone. ... .. it eeiaiaaietaneaeaaenan o 14 585
‘White and i y sandstone. 14 599
Mississippian ( eokuk-Burlmgton) (271 feet)
Lime and sanAstoNe. . .eou .ottt iieaeaeeaeaeeaaaaa 146 745
White sandstone. . ... iiiiia et iaeieerieeaeaan 10 755
Lime and sandstone....... . 75 830
Brewn flint and sandsto! .. 20 850
Iron and sandstone.......... PR JO 6 856
Gray sandstone 14 870

The great thickness of the Des Moines, which fills the Howard
basin, as shown in section 8 (P1. V, p. 36), is to be noted in this log.
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Analysis of water fro'm. Fayette mineral well.a

[Analyst, Kennicott Water Softener éompany, Chicago, I11.]

Parts per million. Parts per million.

Silica (SiOg)..ocoaeeeei i 20 | Sodium (Na)........coooeo... 8,197

Iron and aluminum oxides (Fe, 04 Bicarbonate radicle (HCO,). .. .. 146

FALO) e 14 | Sulphate radicle (SO,)............ 1,343

Calcium (Ca)...oooeemeeaean oo 1,042 | Chlorine (Ch.................... 14, 440
Magnesium (Mg)-..ooveoenan.... 340 | Suspended matter. ......._....... 2

' 25, 670

The suspended matter is, to a considerable extent, sulphur. The

analyst did not give the sulphur or the sulphureted hydrogen. The

water has a feeble flow and contains a considerable amount of the gas.
From this analysis it is seen that the water resembles a fossil brine
from an ocean basin that has never been leached out since the area

was originally shut off from the sea.

At present the water from this spring is used for medicinal purposes.
A small bath house, with hot and cold water, and a swimming pool 30
by 64 feet adjoin the well. The water is recommended for rheuma-

tism and skin and blood troubles.

JACKSON COUNTY.

KANSAS CITY.

Dr. G. C. Broadhead gives the log of a well at Kansas City, Jack-

son County, located not far from the union station:

Log of well at Kansas Ciity, Jackson County.

Thickness.| Depth.
Pleistocene (37 feet): Ft. in. Ft. in.
Loess from surface tobed roek.... ... oo 37 0 37 0
Des Moines (708 feet):
Fine-grained hluish limestone. ... .. .. ... ........ et 21 0 58 0
Light-blue Clay .. cn oo e N 1 0 59 0
Dark-colored Clay ... oouemim oot e 4 0 63 0
Gray Hmestone .. ...l 13 0 % 0
Dove-colored clay shale. .. ... il 100 O 176 0
Bituminous san({ clay; bitumen rose to surface..............o...... 4 0 180 0
L] A 8 0 24 0
Bituminous limestone, brown. ... .. .. ... .. .oiiiiiiiioiiiiaiaaaan, 4 0 268 0
B0apStOme . i iiiieaaan 5 0 273 0
Limestone; increase of water.... . . .. .. ... ... i.oiii.i..C 18 0 291 O
Arenaceous clay and soft drab sandstone. . ... . . ... ... . .. 4 0 295 ©
Light-buff limestone. . ... ... . i 23 0 318 0
Dove-colored “soapstone’” ... ... . ...l 24 0 342 0
Dove-colored arenaceouselay .. ... oiiiiaa... 23 0 365 0
Dark clay, shales, shelly coal, fossils.......... 5 0 370 0
Dark-blue micaceous clay....... 25 0 395 0
Dark-blue fine-grained sandston 37 0 432 -0
Dark shales; salt water 1 0 433 0
Coal..... . 0 4 433 4
Fire clajy . 10 0 443 4
Clay and limestone, marli .- e 5 8 419 ‘0
Dark **slate’ and coal; fossil plal salt (lowing) ............_... 1 6 450 6
Coal, dense and bright. ... . . o i o il 0 6 451 0
Clay and limestone - - .. ..ottt et e i 16 0 467 0
Coarse gray sandstone; strong brine...........c..oooomiiiiiinnnn. 12 0 479 0
Gray, fine 8aNAStONe. .« . ninimiii e 10 6 489 6
53 L T I TR, 3 6 493 0
Clay ot “ s0aDPStoNe ™ ... .. eiiieiaaaaa 7 0 500 0O
Dark, dove-colored fine-grained sandy clay.......c..cooen coomaanann - 119 0 619 0
Black Shale . ... ..ot et it e e 3 0 622 0

a Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ioni¢ form

and parts per million at United States Geological Survey.
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Log of well at Kansas City, Jackson County—Continued.
Thickness. | Depth.
Des Moines—Continued. Ft. in. Ft, in.
76 % S 1 0 623 0
Clay, with sand cenn 50 0 673 0
Thin laminated dark clay with shales 6 0 679 ---0-
Black bituminous shales. . ... e 3 0 682 0
Coal........ocooveennn 1 8 683 8
Clay and mud. 16 4 700 0
Mud.. ..o . 34 10 734 10
Dark, mottled erystalline sandstone. ... ... . iiiiiiiii.. 10 2 46 0
Mississippian (13+ feet): .
Vitreous crystalline Mmestone. .. ... ... ... .. ... . .iiiiiiiiiiiiiiiaa... 13 ¢ 0 758 0

The log of a deep well in Jackson County was furnished by Messrs.
M. L. Fuller and S. Sanford. It is believed to be the record of a
well recently sunk in Kansas City, though the specific location was

not given.
Log of well in Juckson County.

Thickness.] Depth

Ft. in. Ft. in
D5 ¢+ T N 14 6 ..........
Yellowshale......................... 2 0 16 6
Fireelay..cceee i 3 0 51 6
Limestone, hard..................... 9 0 60 6
Fire clay, light todark............... 7 0 67 6
Brown umber, good ................. 4 6 72 0
Sandy limestone, hard............... 2 0 74 0
Limestone, hard. . ... 36 0 110 0
“Soapstone” .. ... 6 0 116 0
Limestone, very hard. 8 0 124 ¢
Fire clay, dark, shaly...................... 1 0 125 0
Limestone...........o...ooooiiiiiiii e 6 0 131 0
Fireclay, dark. ... ...l 6 6 137 6
Limestone..............c..ooiiiiiiiiiant 8 6 146 0
Shale. ..o i 11 o 157 0
Sandstone.... .. ... ...l 4 0 161 0
Black slate; salt water .. 0 6 161 6
Coal, firstseam. .. ... ... 1 6 163 0
Fireelay.....oooooiioiiiiii i 2 0 165 0
Limestone....... ...l 3 0 168 0
““Soapstone’ . i 17 0 185 0
Sandy shale. . ... ... i iiiaiaas 1 0 186 0
Black slate (iron pyrites with gas, pressure 125 to 150 pounds) . 1 0 187 0
Coal, second seaIn .. ... . ... .. iiiiiiiiiiiiiiao 4 0 191 O
Fire elay . oo 5 0 196 O
Sandy sl 818 g - 1 0 197 0
Fire Clay . ... it 4 9 201 9
“Slate,” black. . .. ... ... .. 1 3 203 0O
Fireelay, light todark......... ... ... 66 6 269 6
Sandy shale, hard. ... ... ...l 1 0 270 6
Black shale and *“soapstone” ... ... ........... ... 2 0 2712 6
Fireelay................... e 33 0 305 6
Black ‘‘slate”.... 0 6 306 0
Coal, third seam 1 0 307 0
Sandstone, with partingsofelay............ ... ... 7 0 314 0
Fiteclay... ..o i 7 0 321 0
ROCK 7 - et aeiaaaaanan 5 0 32 0
)8 1Y 0 5 N 2 0 328 0
**Soapstone,” soft, blue. ... ... ... .l 20 6 348 6
Coal, fourth seam. . ...... ..o i 0 6 349 0
Fire Clay . . oo e 16 6 365 6
Coal, fifth seam. ... ... ... i i it 0 2 365 8
B0 § N i PN 20 4 395 0
RS 10T B 2= ) £ U 4 0 399 0
B N P 14 0 413 0
“Soapstone,” dark.. ... .. 70 20 0
Sandstone, Soft, free. .. .ot it 11 0 431 0
Kaolin, sandy ... ..oooiiiii i it 10 0 41 0
Sandy shale..................... e et iieeeaaeaeeaas 4 0 145 6
Fire clay, shaly 7 6 452 0
SanAStONe . - . o 17 0 469 0
Fireclay, dark. ... i i 30 6 500 0
Shale, sandy . 4 0 504 0
B 4 0 508 0
Shale, sandy crevice; strong brine in crevice, filled well within 100 feet of top.... 2 0 510 0

The above formations are all in the Des Moines group.
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Record of diamond-drill-well 10 miles northeast of Kansas City, Mo.

.

[Elevation of well mouth, 925 feet. Correlations by E. O. Ulrich.]

Thickness. | Depth.

Gritty, porous, crystalline limestone, in plas

Feet. Feel,
Lower Coal MEASUIes ... ...ttt it taaieaecaaaaeaeeaaaaaeaaeananans 750 750
Boone limestone ('I).‘
Limestone, shelly in places, with shale partings.............................. 75 825
Light-colored limestone, flinty layers.......... cemeanan R 260 1,085
Dark limestone, with shelly layers.........cccoeuevieennannan... 100 1,185
Dark reddish sand ......cooc.ioiioiii it i i 15 1,200
Joachim (?): Bhuish, fine-grained limestone, shelly in places ........ . .. 57 1,257
St. Peter: Sandstone, white at top, reddishatbottom.................. ... 64 1,321
Cambro-Ordovician:
Gmf' and brown mestone ..... ... ..o iiiiiiiiii i 129 ,450
Shelly and clayey limestone............... .. 10 , 460
Light, coarse, porous limestone R 160 ,620
Shelly limestone 20 , 640
‘White sandstone .. 16 ,656
Flinty, light, porous limestone; water disappeared or was lost..... .. 74 ,730
Gray clayey and sandy limestone...........ocoeiemiiiiiiiiianiaos .. 20 , 750
Hard, gray, fine-grained limestone ............coeiveiriinnenn... .. 70 ). 1,820
Hard, gray, fine-grained sandstone .. s 3353
100
140
250

-
=3
POBODODD DO RO e bt bbb bt o o ot ok

Hard, coarse sandstone .......coeoevveeneunnnns s
Cambrian: :

Limestone, with seams of gray and brown shale. 40 N

Dark and light fine-grained limestone..... 110 s

Hard, coarse sandstone . 98 , 348
Granite 53 , 401

JOHNSON COUNTY.
LEETON.

One-half mile southwest of Leeton, Johnson County, is a well
owned by the Chicago, Rock Island and Pacific Railway and drilled
by George Austin and W. E. Carner. The following log was received
from Messrs. M. L. Fuller and S. Sanford:

Log of Chicago, Rock Island and Pacific Railway well near Leeton, Johnson County.

L
Thickness.| Depth.
Feet. Feet.
SOIl AN Cla Y . o ittt ieeietaare e 14 14
Limestone, very hard......... o 18 32
Shale, medium................ . 50 82
Coal, bituminous.............. . 2 84
Shale, medium.... . 6 90
Coal.. ..o, 1 91
Shale; small flow of gas . 623 714
Limestone, hard. .. .. ..o it 500 1,214

LAFAYETTE COUNTY.
HIGGINSVILLE.

At Higginsville, Lafayette County, the Higginsville Prospecting:
Company in 1898 drilled a well near the Missouri Pacific Railway sta-
tion to a depth of 1,512 feet. This well has a diameter of 10 inches at
the top and 4} inches at the bottom; it is cased all the way down.
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The principal source of water is in sandstone, apparently the Kinder-
hook, at a depth of 656 feet; another strong flow was obtained at a
depth of 1,350 feet in a sandstone that was probably the Roubidoux.
A strong flow of salt water was struck at a depth of 1,070 feet in the
St. Peter sandstone. The water rises within 80 feet of the surface,
the supply seeming to be unlimited. The president of the company,
Mr. J. H. Burgan, to whom the writer is indebted for this information,
states that pumping 100,000 gallons per day for a week made no
change in the level of the water. Salt water, charged with sulphu-
reted hydrogen, now comes in through the casing and the well is not
used. Mr. Burgan furnished the following log:

Log of well at Higginsville, Lafayette County.

Thickness. | Depth.

Pleistocene (68 feet): Feet. Feet.

Earth and clay. .. . .. et 68 63
Des Moines (302 feet):

Sandstone. .. 112 180

Asphaltie 8 188

Slate..... 5 193

Soapstone. e - 157 350

SandStOme. .. et 20 370
Keokuk (87 feet):

Gray Hmestone. . .. ... e 67 437

‘White limestone.......... 13 450

Asphalt and quartz rock 7 457
Burlington (63 feet):

Coarser limestone. .. 38 495

Dark limestone.. .. 5 500

Hard gray limestone. 20 520
Kinderhook (195 feet):

Brown limestone................. . 36 556

Dark-hrown limestone........................ 100 656

Sandstone; heavy flow fresh water_....._.._. aees - 35 691

Hard lmestone. .o . o oon i 24 715
Devonian (55 feet):

Hard white limestone. .. ... .. i iiiiiaiiiiaaan 27 742

White sand; water.... .. 20 762

Darker brown sand .. . ..ot it ciaiiie e . 8 770
“Trenton’’ and Joachim limestone (281 feet):

Limestone 201 N

Trenton rock, close grained; trace of oil...... . . 45 1,016

Trenton rock, hard; slight trace of oil.._... [, 35 1,051
St. Peter sandstone (150 feet):

Soft sandstone............._..... 20 1,071

St. Peter sandstone; salt water.. 130 1,201
Jefferson City limestone (145 feet):

Limestone; salt Water. . ... ..o it et aaaaas 145 1,346
Roubidoux sandstone (167 feet):

Sandstone; fresh Water. . ...... ... ... i ittt 25 1,311

Very hard white limestone. . ... .. it 142 1,513

A number of drill holes ranging from 80 to 250 feet in depth are
noted in Marbut’s report on the geology of the Lexington sheet,
Lafayette County.2

N a Marbut, C. F., Missouri Geol. Survey, vol. 12, pt. 2, 1898, pp. 196-247.
iRrR 195—07 7
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MACON COUNTY.
LA PLATA.

At La Plata, Macon County, the La Plata Electric Light Com-
pany drilled a well 435 feet deep one-eighth of a mile northeast of the
town. The work was done by Durand, of Tola, Kans. La Plata is
situated on the crest of the divide between Missouri and Mississippi
rivers, at an altitude of 914 feet. The well has an 8-inch bore and
was completed in 1902. The principal flow is from sandstone, at a
depth of 140 feet, and the water rises within 90 feet of the surface.
Another water-bearing sandstone was found at 430 feet. The supply
is only about 3 gallons per minute and a little pumping soon lessens
that amount. By hard pumping the well can be entirely drained.
The water is used for boiler purposes.

The following analysis, neither date nor name of analyst being
given, is furnished by the company:

Analysis of water from electric-light company’s well, La Plata. Macon County.c

Parts per million. Parts per million.

Silica (810%)...............o... 3.4 | Carbonate radicle (CO,)........... 283
Iron  and alumina  oxides Sulphate radicle (SO, . ... .. ... 195

(Fey034+ALO,) . ooe i 13 Chlorine (C1). . cooiiivinnnnann. 11
Caleium (Ca).ovooooiii it 109 .
Magnesium (Mg) .. oveeeenoan.... 38 698. 4
Sodium (Na).ooovoiiiiienaeanana . 96

MACON.

The following notes on the record of the deep well drilled by the
mining company of Macon in the summer of 1887, which furnishes a
key to the geology of this immediate vicinity, are taken from the
account by W J McGee:?

The boring in Macon.—The prospect bore is located in the southeastern part of the
city, in a ravine some 30 feet deep, where the drift was found to be 36 feet in thickness.
An ordinary plunge drill was used. The diameter of the bore is 13 inches in the drift
and 8 inches in the rock to 320 feet from the surface, where a strong flow of water was
encountered and the diameter was reduced to 5 inches. Samples were taken by means
of the ““sand pump? at frequent intervals, particularly when change in character of
material was indicated by the behavior of the drill; and special care was exercised
in taking samples and in determining thickness of strata when borings indicated the
proximity of coal seams. The samples were collected and preserved by the well
driller and one or more representatives of the citizens’ committee acting in conjunction
with him; and the depth from which each was taken was indicated upon the box in
which it was preserved. In the following notes the depths are transcribed from this
record. The specimens were personally examined; and the notes represent the
inferences then made as to the character of the strata from which specimens were
derived rather than accurate descriptions of the specimens themselves.

e Expressed by analyst in hypothetical combinations; recomputed to ionic form at United States
Geological Survey.
b Trans. St. Louis Acad. Sci., vol. 5, 1888, pp. 326-333.
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Log of the deep well at Macon, Macon County.

89

Thickness.| Depth.
. Ft. in. | Ft. in.
1. Drift (no specimens preserved)...........oeeeiiiiiiiiini i 36 0 36 0
2. Blue calcareous-argillaceous shale breaking down into clay with a few firm
b3 27 10T 11 P 9 0 445 0
3. Hard, brittle blue limestone with conchoidal fracture, mixed with shaly
débris and mud evidently derived from the breaking up of shale 10 46 0
4. Black shale breaking up into graphitelitkemud......0.. ... ... ... 2 0 48 0O
5. Coal, with a few fragments of shale .- 11 49 1
6. Blue shale or clay containing a little grit, breaking down into mud, with a
few shaly scales e 5 11 55 0
7. Tenacious blue clay with a few shaly flakes and a trace of grit .. 10 0 €5 0
8. Gray calcareous shale with a few fragments of limestone, of which some ar
veined with calcite and exhibit conchoidal fracture........................ 5 0 70 0
9. Black shale, the larger fragments of which exhibit parallel lamination. . 3 24 73 2%
L o ) P R 1 94 76 0
11. Tenacious blue clay containing a little gritty matter . 33 8| 108 8
12. Black graphite-like clay with a few bits of gray clay, the whole containing a
little gritty matter and scalesofshale. . ... ... . .. .. ... ... 17 44| 126 0
13. Dark-gray or black clay evidently derived from slightly calcareous shale
containing fragments of dark-bluel'mestone...... ... ... .......o... 0 6| 126 6
14, Firm black carbonaceousshale. ... ... . ... .. ... .. 1 9] 128 3
15. Slightly calcareous gray clay, with abundant shaly scales. .. ... § 3| 136 6
16. Calcareous gray clay, with shaly scales... 18 6| 155 0
17. Slightly calcareous dark-gray shale. ... 30 0 185 0
18. Light-gray limmestone, pure, probably m -
choidal fracture 28 0| 213 0
19. Light-gray subecrystalline limestone, intermixed with dark-gray sh 7 0| 20 0
20. Light-gray, slightly calcareous shale andelay....................... 53 0| 273 0
21. Dark-gray, slightly calcareouselay. ... ... ... ............ 3 0f 276 0
22, Calcareous gray shale. ... ... . ... ... ... iiii...o. 5 6] 281 6
23. Light-gray cherty limestone 5 0| 286 6
24, Light-gray limestone, dark-gray calcarsous shale, and chert. . 3 6) 20 0
25. Light-gray cherty limestone 30 0] 320 0
26. Blue-gray calcareous shale 5 0 3% 0
27. Light cherty limestone and dark-gray calcareous shale. ... 0 6| 335 6
28, Light-gray and dark nodular calcareous shale.............. .. 39 6) 35 0
29. Light-gray siliceous limestone and chert. ... . ... ... ... ... ... 21 0| 39% 0
30. Light-bufl pulverulent rock containing beautiful crystals of carhonate of
lime and carbonate of iron, and leav:ng a considerable residue (probably
siliceous and magnesian) after digestioninacid.. ... 14 0 410 0
31. Dark-gray arenaceous shale, light-gray calcareous shale, and crystals of
1 T 72 0| 482 0
32. Light-gray arenaceous and caleareous shale with light-buff powder like that
* ab 410 feet . ..o 27 0] 509 0
33. Blue sparry limestone with fossil markngs. . ... ... il 23 0] 832 0
34, Shaly blue HIestONne . . .. .ot et ettt it itee e cae e e ce e aeaee e eaaenn 43 0] 575 0
35. Light-gray and dark-blue shaly limestone. ... ... ... .c.o.o.oiooiiions 60 0| 63 0
36. Blue limnestone. . .. ... oo 17 0} 652 0
37. Light-blue sparry Hmestone. .. .. ....cooonmieir e cae e 112 0| 764 0
38. Light-blue cherty and arenaceous limestone..............o.o. . oviiiiiiana.. 36 0| 80 0
39. Gray sparry limestone and fine flssile blue shal 9% 0| 85 0
40. Massive blue shale or indurated clay 100 0] 995 0
41. Fine calcareots Samd. . ... ....ooun it 5 0,000 0
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The following summary of this log is in part taken from a table
given by McGee, who compared the materials and thickness of the
several strata penetrated with the general sections developed by the
State surveys of Missouri, Illinois, and Iowa (a sort of composite of
which was prepared for use in prognosticating the results of the
boring):

Swmmary of log of well at Macon, Macon County.

Numbers| qpior.
System. Formation. Petrographic character, in Me- oo
Gee'slog.| €S
Feet
Lowerl’ennsy]vaman Shales, clay beds, limestones,coal seams. 2-17 215
- it 114\0111{15 R é;xmestgne ; 0 18—1?) 35
s eoku .| Somewhat calcareous shales. 20-22 62
Carboniferous. .. .. Burlington. _| Nodular calcareous shales....... 28 40
Siliceous limestones, caleareous sh. 20-33 157
Kinderhook. .. .| Shaly, nonsiliceous limestones....... 34-37 232
Devonian.......... Hamiltone. .. T Y P EOP
Niagara.... -..| Cherty limestone, passing into shale. .. 38-39 131
Hudson.............. Shales or indurated clays.............. 40 100
Silurian........... Sandstone
Trenton &
St. Peterb. ... e
a Not recognized. b Not reached. ¢ Estimated.

D. B. Moore, of Macon, has sunk a number of wells ranging from
125 to 210 feet in depth, and has preserved a careful record of them.
He states that most of the wells driven to a depth of 150 to 200 feet
are dry, and that most of the water used in that vicinity is from the
drift. George Kohl sunk a well one-half mile west of Macon to a
depth of 60 feet in drift, and it was perfectly dry. At a distance of
75 feet a well 20 feet deep struck water that rose within 8 feet
of the surface. On the Pohlman’s farm, 7 miles southeast of Macon,
a well drilled 209 feet deep failed to get water.

Four miles southeast of Macon is a well owned by S. T. Brock and
drilled by S. D. Harris. The following log was received from Messrs.
M. L. Fuller and S. Sanford:

Log of Brock well near Macon, Macon County.

Thickness. | Depth.
Feet, Feet.
Surface soil 4 4
Joint clay... 16 20
Sand, with a 2 22
Red clay.. 18 40
Sand and 3 43
Red clay.. 37 80
BlUe ClaY . o eevee i aan - 15 95
Fine sa.nd blue, with water all through thesand........... .....ooiiiiiiinaiion 20 115

The water rises within 20 feet of the surface and has been pumped
for two years. The beds all belong to the Des Moines group.



MACON AND MILLER COUNTIES. 91

Four miles northwest of Macon is a well owned by T. E. Wardell
and drilled by S. D. Harris. The following log was received from
Messrs. M. L. Fuller and S. Sanford:

Log of Wardell well near Macon, Macon County.

Thickness.| Depth.

Pleistocene (54 feet): Feet. Feet.
Surface rock, soil to joint clay .. ..o . e iiiaaaeas 54 54
Des Moines (110 feet):
Gray sandstome. . .. ... i iiieaiaieaaaaaas 40 94
Soft shale, gray; small vein of water rises 20 feet .. _....... . 66 160
Hard slate. . .o s 1 161
L I 3 164
Mississippian (136 feet):
Blue lime ToCK. . ... o 26 190
‘White lime rock, very hard. . ... ... ... e eiiieieaaas 70 260
Lime rock which was very hard to drill; struck water in seam of rock at 290
feet; water rises within 90 feet of surface. ... ... .. ... ... .. ... ... ..... 40 300

MILLER COUNTY.
OLEAN.

There are several wells in and around Olean, Miller County, on
Blythes Fork. One, owned by the Olean Canning Company, in sec.
12, T. 42, R. 15, at an altitude of 746 feet above tide, is 56 feet deep.
Flowing water was found at the bottom. The well was drilled in
1893 and no change in the flow has ever been noted. The water is
softer than that in the shallow dug wells of the vicinity and is used
for the boiler at the canning factory. The drill passed through 10
feet of soil and creek gravel and 40 feet of broken flint and sand-
stone. In order to make the water flow into the casing, the pipe is
inclosed in a bag of flaxseed which was lowered beyond the gravel
layer. The seeds swell and cut off the escape of water through the
river gravel. The cost of the well was $50.

Another well is located near the flouring mill of Joseph Gutter-
meier, in sec. 1, T. 42, R. 15. It was drilled in 1893 with a 7-inch
bore to a depth of 85 feet. 'The flow of water, about 110 gallons per
hour, does not vary ordinarily, but it may be decreased by pumping.
At a depth of 50 feet water was struck that rose within 4 feet of the
surface; at a depth of 85 feet it flowed. The water is soft, with a
slight odor of sulphur. It is used for drinking and for the boiler at
the flouring mill. The altitude of the curb is 764 feet. The cost of
drilling was 75 cents per foot, or $64 for the entire work. The fol-
lowing is the log of the well:

Log of Guttermeier well near Olean, Miller County.

F Thickness.| Depth.

Feet. Feet.
Soil and Gravel . .. ... .. aaaan 4
Limestone and flint .- 78 82
Shale . ... .- % %

SN TG Eod 03 2T
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On his place near the railway station at Olean Mr. J. C. Johnston
drilled a well, with a 6-inch bore, to a depth of 674 feet. The water
rose to the surface from the bottom of the well and flows 74 gallons
per minute. It is soft and is used for household purposes. The
drill passed through 10 feet of soil and 57% feet of chert and sand-
stone.
© A second well, at an altitude of 754 feet above tide, was sunk in a
farmyard adjoining the one just described. This well is the lowest
in the group, and when allowed to flow full head it will, in a short time,
cause all the others to stop flowing, except the one at the flour-
ing mill one-half mile north of Olean. The water is soft. The well
cost $80.

Another well, located at the Franklin, Lux & Proctor livery stable,
was drilled in 1901, with a 6-inch bore, to a depth of 50 feet. At the
depth of 25 feet the water rose to the surface. It is moderately soft
and is used in the livery stable. The well cost $50. The wells at
the livery stable and store have ceased to flow, owing probably to
leakage in the pipe and to the sinking of neighboring wells at lower
levels.

The general dip of the sandstone strata overlain by impervious
shale in this region gives rise to conditions favorable to artesian flow;
but it is probable that a flow could be obtained at no point in this
vicinity having an altitude of over 775 feet above tide. All the
Miller County wells probably obtain water from either the Roubi-
doux formation or the Gasconade limestone.

Ball and Smith @ state that—

One of the drilt holes at the Son prospect, in sec. 19, T. 41, R. 156 W., is a flowing
well. This is situated near the top of the Gasconade limestone and is 12 feet above
the bottom of Little Gravois Creek. The hole is 140 feet deep, no water having been
struck up to 100 feet. * * * TIn the bottom of Baileys Branch, 2% miles north-
west of Iheria, George Graves obtained a flowing well at 60 feet, in the Gasconade
limestone.

MONITEAU COUNTY.

CALIFORNIA. D

About 7 miles east of California, in sec. 17, T. 45, R. 14, on the south
side of the road leading to that town, is a well owned by Karl Messerli.
It is in a valley somewhat lower than the town. - The well was com-
pleted May 8, 1902, and is 265 feet deep, with a 5%-inch bore. The
strongest flow was obtained at 90 feet and had its source in limestone
and flint. Two water-bearing beds were found, at 30 and 60 feet.

e Ball, 8. H., and Smith, A. F., Geology of Miller County: Missouri Bureau Geology and Mines, 2d
ser., vol. 1, 1903, p. 196.

b For data regarding these wells the writer is indebted to Mr. E. B. Fulkes, of the Missouri Botan-
ical Garden, St. Louis, who drilled them.
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The water is clear, cold, and hard. This well is about 200 yards east
of a dwelling house and cheese factory, both of which are supplied

with water from a running §
spring, but did not stop it.

pri

Log of Messerli well

ng.

The well lessened the flow of the
The following log of the well was obtained:

near California, Moniteaw County.

l Thickness.| Depth.

Feet. Feet.
SO0 e e 3 3
Flint bowlders. ... 22 25
Limestone_........ 113 138
Hard sandstone. .. 8 146
Limestone 119 265

This well obtains water fr
on the same farm, about 1,0
was drilled in 1902 to a dept.
was struck first in limestone, 3
reached 65 feet the water ran
stream, the force increasing
became strong enough to raise {
feet. The water is clear, cold,
of the other well and of the ch

m
00
h o

[l

became active.

The Crown Mining Company

east of town, on the north sidd
T. 45, R. 15, in a valley which
house. This well was drilled {
bore, and completed in August
of the surface. It is clear, col

the Jefferson City

over the top of
a depth of 105

, of California, dr

limestone. Another,

feet farther west, near a small stream,
f 182 feet, with a 53-inch bore. Water
t a depth of 40 feet.

When the well
the pipe in a small
feet, when the flow

he full column of water to a height of 3
and hard. This w
eese-factory spring.
placed on the top of the casing and the other w

ell stopped the flow
r. Later, a cap was
ell and spring again

lled a well 11 miles

of the road, in the N.1 SE. 1 sec. 23,
is considerably lower than the court-

o a depth of 175
, 1902.

The wate
1, hard, and charg

feet, with a 5%-inch
r rises within 6 feet
ed with sulphureted

hydrogen. The following log was obtained:
Log of Crown Mining Company well, near California, [Moniteaw County.
Thickness. | Depth.
i
Feet. Feet.

Soiland gravel. . ...c..ooiiiiiiiiiiiiiae e 9
Limestone. ... ... . e e 41 50
Bowlders, blue clay, and iron gyrites ____________________________ 25 75
Litnestone, flint bowlders, and some zinc at 80 feet.. ... ... ............. 30 105
Solid limestone. ... ... ......o..oiiii.ii..... 35 140
Bowlders, limestone, flint, blue clay, and slate......... ..o ool 14 154
TAMestone. ..o e 2 175

Flowing wells are also found in sec. 1, T. 43, R. 17; sec. 6, T. 44,
All these wells obtain water from the
Jefferson City limestone, and their artesian source is on the western

R. 17, and sec. 10, T. 44, R. 14.

slopes of the Ozarks.
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MORGAN COUNTY.
FORTUNA DISTRICT.

In Morgan County and near Fortuna, Moniteau County, in T. 44,
R. 17, according to the statement of Mr. E. A. Pettibone, there are
about 20 flowing wells. These were all prospect holes sunk by lead
and zinc mining companies. The water is obtained from flint beds at
the base of the Burlington limestone. None of these wells are utilized,
but they demonstrate the existence of another interesting artesian
district. Their catchment area is to the southeast, and the rocks of
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F16. 3.—Group of artesian wells on Straight Fork of Moreau Creek, near Fortuna.

this region dip to the northwest along the western slope of the Ozark
dome. The wells all lie along the valley of Straight Fork of Moreau
Creek and may be located by means of the accompanying sketch map
(fig. ).

No. 1, the Singer well, and No. 2, on the Hutchinson tract, are 200
feet deep. The water was struck at a depth of about 140 feet, and the
flow is strong. No. 3 is a group of three wells on the Capellar & Osier
tract, each 200 feet deep, with a flow of water rising from a depth of 133
feet. No. 4 is a group of four wells on the Woodyard and Parkers-
burg Lead and Zinec Company’s tract, all 200 feet deep, with water
reached at about 40 feet. No. 5 is a group of four wells on the Mis-
souri Lead and Zinc Mining Company’s tract, each 200 feet deep, with
a flow struck at 100 feet. No. 6 is a well on the Dug Hayes property,
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200 feet deep, with flowing water reached at 40 feet. No. 7 is a well
on the Newkirk tract, 200 feet deep, with flowing water reached
between 156 and 160 feet. No. 8 is a well on the Dug Hayes tract
No. 2, 200 feet deep, with flowing water at 120 feet. No. 9 is a well
100 feet deep, sunk by Milton McDaniel about 15 feet above the bed
of a little draw and 40 feet above the middle branch of Moreau River.
This is the farthest well to the south and has a barometric altitude of
869 feet, the altitude of Fortuna being 959 feet. The water in all
these wells is clear, cold, and hard, typical of the Burlington lime-
stone. The temperature of those tested is 59° F., with an air tem-
perature of about 80° F.

Near Fortuna is a well owned by the Mary M. Mining Company and
drilled by Charles E. Miller. The following log was received from
Messrs. M. L. Fuller and S. Sanford:

Log of well of Mary M. Mining Company, near Fortuna, Moniteau County.

Thickness. | Depth.

Feet. Feet.
10 10
15 25
Limestone. .. 25 50
Magnesia limestone........... 10 60
Magnesia limestone and mundic... 10 70
Limestone, pink spar, and mundic. 10 80
Limestone and flint................ 10 90

Limestone and flint, jack shines. .. .-
Limestone, pink spar, jack shines. .............cccceeoenannnn.. .. 10 110

Limestone, black flint, very good jack and lead. 1 121
Limestone, black flint, very good Jack and betts 14 135
Limestone, white flint, small shines.........._.. .- 15 150
Limestone, black flint, jack shines......_....._. . 10 160
All Eink 152:5 SN .- 6 166
Pink spar and black flint. 15 181
Limestone and pink spar. 186
Limestone, jack shines..... - 5 191
Limestone and flint, Jack Prospect. ...........ooceiiemiiaieiaaaiaeeaeencananas 20 211

This well is probably all in the Jefferson City limestone.
BLUFF SPRING AND GLENSTEAD.

Mr. J. F. Todd states that there is a strong flowing well in an old
prospect hole in the NE 1, sec. 11, T. 44, R. 18,in Morgan County,
within a quarter of a mile of the Bluff Spring mines; also another a
mile east and a quarter of a mile north of Glenstead, Morgan County,
in sec. 6, T. 43, R. 17. Neither of these two wells was visited.

PETTIS COUNTY.
HUGHESVILLE.

Two miles northwest of Hughesville, Pettis County, is a well owned
by Raymond Voigt and drilled by J. B. Ellison. The following log
was received from Messrs. M. L. Fuller and S. Sanford:

Log of Voigt well, near Hughesville, Pettis County.

Thickness.] Depth.

N . Feet. Feet.
Yellow clay, stiff. . ..o ottt iiiiiieeeeaaecaeaceeanaanann 30

Blue clay, mud and sand mixed, stiff and Waxy...ccooioiiiniiiiiiiiiaiiiiaaa., 170
Very hard cotton b L0704 ¢ 53

88
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PETTIS.

At Pettis, Pettis County, is a well owned by Elijah Hatsenpiller and
drilled by G. W. Yeager. The following log was received from Messrs.
M. L. Fuller and 8. Sanford:

Log of the Hatsenpiller well, Pettis, Pettis County.

Thickness.| Depth,

Feet. Feet
20 20 20
Clay . .ooveviao.... 20 40
Bowlders and clay. . 78 118
Hard blue limestone, some gray.......... 97 215
Blue clay, gravel, sand, flint rock, and par 15 230
*Cotton™ rock, black sand............... 2 232

SEDALIA.

The former Sedalia water supply from Flat Creek having proved
insufficient in time of drought, the Sedalia Water and Light Company
drilled a deep well about 1 mile southeast of Forest Park in the valley
of Flat Creek, 3 miles south of the city. Five other wells have been

N

Sendstone = N ) - -
quarty & Fiaodft. ™ % 0 . e

R
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F16. 4.—Diagram of the Sedalia waterworks wells.

sunk, as indicated in fig. 4. Well No. 1 was drilled to a depth of 670
feet. At 620 feet a gray sandy flint 12 feet thick was struck, then a
softer gray sandy rock, with an intercalated bed of soft blue clay 8
feet thick. Under this was found a harder dark sandy formation in
which drilling was stopped because of bad ground and the fear that
the jars might get fast. Well No. 2, completed in 1901, is at an eleva-
tion of about 800 feet above tide. The diameter of the casing is 8

L4
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inches. The surface formation is Burlington limestone. The log of
the well and other information concerning it have been furnished by
Mr. L. P. Andrews, president of the water and light company.

Log of well No. 2 of Sedalia Water and Light Company, Sedalia, Pettis County.

Thickness.| Depth.

Pleistocene (25 feet): Feet. Feet,

Soil.................. .- .. 15 15

Sand and gravel....... 10 25
Mississippian (201 feet: Barlington 52 feet,

Limestone (cotton rock) e eeeneaaeaaan 27 52

Limestone and flint...:. .. .. ... i 20 72

Hard fInt. .. i 5 77

Limestone and flint. ... ... . .. i 87 164

Gray limestone...... RN 24 188

Sandy limestone. .. et eiemeasamasieeaaeeeanaeaanan 13 201

Cotton rock......... e eeeieaieieeaeeaieaaaa. 25 226
Devonian (23 feet):

Limestone and flint. . ... . iiiaaa 23 249
Joachim limestone (40 feet):

Hard flint. ... e 17 266

LAmestone. . . . ieiei i 23 289
St. Peter sandstone (71 feet):

White sand TocK. .. .. .. i 71 360
Jefferson City limestone (151 feet):

Limestone - 25 385

Limestone and flint 22 407

‘White limestone. .. 50 457

Limestone and flint 54 511

The correlations in this log have been made by a comparison of the
record of this well with those of well No. 1, 670 feet deep, and of the
Forest Park well, 1,612 feet deep. The Jefferson City limestone
extends to a depth of 620 feet, and is followed by 380 (?) feet of the
Roubidoux and 612 feet of Cambrian or Archean. The driller who
sunk the Forest Park well stated that he could not remember the
whole log, but distinctly recalled the fact that the last 400 feet was ip
haxd white sandstone.

The late Mr. R. A. Blair@ gave the following section at Sedalia, and
it checks remarkably well with the drill section:

Generalized section at Sedalia, Pettis County.

Feet.
Burlington limestone .................. ettt 70
Chouteau (Kinderhook) . . . . . ..ottt aeaaaaaas 140
Devonian . ... 30
Silurian (Cambrian) ... ... . 75+

The water in well No. 2 rises 18 inches above the surface.

a The Sedalian, December, 1903, p. 20.
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Analysis of water from deep well No. 2 at Sedalia. ¢

[Analysis by St. Louis Sampling Works, July 18, 1902.]

Parts per million. Parts per mllion.
Silica (S10g) - <« cvvecenannn ... 82 |Chlorine (Cl)....coovemueeenae.. 2.7
Calcium (Ca). ... ............... 62
Magnesium (Mg)......ccooeean.. 34 . . 294.7
Sodium (Na) - —voeenoooeeen _g | Residue on evaporation. . ... -... 316
Carbonate radicle (CO,). . . . ..... 164 | Lesidue on ignition.............. 233
Sulphate radicle (8O,)........... 22

Water in shallow wells in Sedalia is too highly charged with lime
and magnesia sulphates and carbonates to be good for either boiler
or drinking purposes; but that eity has now, with these inexhausti-
ble deep wells, one of the best water supplies in the country. The
main flow comes from the St. Peter sandstone, at a depth of 289 to
360 feet.

A deep well in Forest Park, about a mile north of the waterworks
wells, was drilled in 1893. The following log was contributed by
Mr. F. A. Sampson, of Columbia:

Log of deep well at Forest Park, near Sedalia, Pettis County.

Thickness.| Depth.
- Feet. Feet.

S 30 30
Coarse sandy yellow limestone, with white chert 25 55
Gray shaly, earthy limestone, with some white chert and erinoid stems 55 110
Light-gray crystalline imestone, with some white chert............ 52 162
Fine-grained gray magnesian limestone. .. ..... ... ............ . 36 198
Darker-gray crystalline magnes’mn limestone, with bluish and white flint. . 62 260
Very fine white quartz sand. . . .. i iiiiiiiiieaeaaan 160 420
Grayish-white magnesian limestone; some shows oclitic structure with fine

quartz grains and very little white flint. ... ... ... ... . . ... ... 60 480
Fine white limestone and fine white quartz. [ 35 515
Fine quartz sand, nearly pure. .. ... .. i iie e eeecaaeneaaaanen 150 665
Whitish magnesian limestone, with some whitish flint .. _...................... 215 880
‘Whitish-gray magnesian limestone; resembles fine sand (may contain sand)... 100 980
Fine white qUaTtz SaNG. . . ...ttt iaiiieieiacaiameaaaaaas 1,000
‘White and reddish crystalline limestone (inarble). 150 1,150
Coarse white quartz sand....... R, ceee 25 1,175
Fine-grained sand with a little flint. ... ceen 85 1,260
Olive-green shale and a little white caleite.... .. oooiiiiiiiiiiiiiiiiiiiaeaaenn 40 1,300
Dark-gray magnesian limestone and white sandstone............coo.oviiiiiinns 95 1,395
Coarse sand, dark gray, with traces of a hornblende-hke mineral............... 5 1,400
Olive and greenish-gray shale, with sand like preceding. ........co...ooieuaaonan 15 1, 415
Gray quartz sand, with greenish shale and fine grains resembling hornblende.. 15 1,430
Gray quartz sand, ferruginous. . . ... .. e cecaiaiicacacnaianaaan 15 1,445
Fine quartz sand with mica; light quartz sand at 1,470 feet.. 25 1,470
Coarse round white sand; transparent, good glass sand...... 110 1,580
Fine reddish-white sand. . ... .o i it me et 32 1,612

This log differs somewhat from those of several of the water-
works wells, which check closely with each other. The large amount
of sandstone shown in this record is difficult to account for. Several
parties who saw the drillings state that the last 400 or 500 feet was

a Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionic
form and parts per million at United States Geological Survey.
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hard white sandstone. From the log, as given, the last 200 or 300
feet might be either the La Motte sandstone or, possibly, the Archean
quartz or porphyry. This well is about 20 feet higher than the
waterworks wells, and water rises within 6 feet of the surface. Cor-
relations made from this record would vary somewhat from those of
the waterworks wellss

The artesian pressure comes from the catchment basin in Morgan
County, in the Ozarks. Section 3 (Pl. IV, p. 30) illustrates the
artesian conditions in this vicinity.

SMITHTON.

On a farm near Smithton, Pettis County, in a stream bed in sec.
11, T. 45, R. 20, is a well owned by Dr. W. C. Page. It was drilled
in 1901 to a depth of 146 feet, with a 64-inch bore, and cased to a
depth of 15 feet. Water was struck at the bottom in rock and rises
to the surface. It is clear, cold, and soft, and has a mineral taste.
No log was kept and no analysis has been made.

The description of another well in the immediate vicinity is given
for the sake of the log. This well, which is not flowing because of
its situation on a high plateau, is 4 miles west of Smithton, Pettis
County, in sec. 7, T. 45, R. 20, on a farm owned by Mr. Gabbatt, of
Sedalia. It was drilled to a depth of 215 feet, with a 6-inch bore,
and cased 26 feet with a 61-inch casing. Water was found at 175+
feet in sand and at 198 feet in gravel. The water is reasonably
soft. It rises within 140 feet of the surface. It is raised by a pump
worked by a gasoline engine which cost $300. The water, is used
for stock and drinking purposes. The well was drilled by W. C.
Ellison, of Smithton, at a cost of $150. The water of this well prob-
ably has its source in Devonian rock.

Log of Gabbatt well, near Smithton, Pettis County.

Thickness.| Depth.

Soil and yellow Clay. ..o .oo i e 20
Yellow Hmestone . . ... ..o ittt it naas 15
Blue, gray, and black limestone. .
S OOLEON TOCK™ .o oeomeeee oo om e
Fine white sand
“Cotton rock,” flint, and gray limestone. ..
Gravel, whlte gray, and BIACK. . ...\ eeneniii it e - 1
Very dark lime a,nd Nt . e ieeeeaaaaaas J. 15

H
ocnonocoos
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ao
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At Smithton is a well owned by James Ringen and drilled by George
Yeager. The following log was received from Messrs. M. L. Fuller
and S. Sanford:

Log of Ringen well, Smithton, Pettis County.

Thickness. | Depth.

Feet. Feet.
3
5 8
' 4 12
Gray limestone, yellow se 28 40
leestone and sand some flint 10 - 50

Crevice in rock; roar as if water runni
Cotton TOCK . -« ot e e 0 70
Crevice; struck sand and plenty of water.

[

RALLS COUNTY.
NADINE.

Three-eighths of a mile north of Nadine, Ralls County, in sec. 26,
T. 53, R. 6, is a well owned by George W. Colvert. The following
log was received from Messrs. M. L. Fuller and S. Sanford:

Log of Colvert well near Nadine, Ralls Coundy.

Thickness.| Depth.
Feet. Feet.

0 6 e 50 50
Gravel or shell Tock._........ 5 55
Hard rock, but not limestone 13 68
“Sos,pstone" ................ 7 75
Slate........ 5 80
Coal..... 21 82}
Fire clay 173 100
Hard rock, limestone. .. ... . e 84 189

PERRY.

Seven miles south of Perry, Ralls County, is a well owned by G. W.
Allen and drilled by W. H. La Due. The following log was received
from Messrs. M. L. Fuller and S. Sanford:

Log of Allen well near Perry, Ralls County.

Thickness.| Depth.

Feet. Feet

Soil and yellow clay 40 40
Fireclay.................. .. 40 80
Limestone rock........... .. 110 190
‘“‘Soapstone” . _............ .- 12 202
Brown lime rock .. 60 262
‘“‘Soapstone™.. ... __....._ .. 20 282
Lime rock..... 78 360
Sand rock
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Six miles southwest of Perry is a well owned by John Clever and
drilled by W. Smith. The following log was received from Messrs.
M. L. Fuller and S. Sanford:

Log of Clever well near Perry, Ralls County.

Thickness. | Depth.

Feet. Feet.
Soil, clay, and drift
Flint and lime...... 16 66
Lime............. 124 190
Brownish-gray lim R 70 260
White Hmestone. .. .ot eiiaiaeaiaaaaa- 62 322

RALLS.

At Ralls is a well owned by J. A. Clark and drilled by W. H. La Due.
The following log was received from Messrs. M. I.. Fuller and S.
Sanford:

Log of Clark well, Ralls, Ralls County.

Thickness.| Depth.

Soil and YelloW Clay . - ... e e 20 20
Fireclay, orpotter'sclay. ... . ... .. ... iiiiiiieiaaon 25 45
Lime rock, with a thin streak of *‘Soapstone,” at 90feet.. . ... ... ____... 305 350
Oil and gas rock 12 362
Limestone...... 48 410
Red sand rock 15 425
Limestone... ... ... ..., 15 410
White sandstone; water 5 445

RANDOLPH COUNTY.

HIGBEE.

At Higbee, in sec. 17, T. 52, R. 14, is a well owned by the city. The
following log was received from Messrs. M. L. Fuller and S. Sanford:

Log of well at Higbee, Randolph County.

Thickness. | Depth
Feet. Feet.
0 ) PR 1
S0 7 N 1 2
Hard Clay . . e e 1 3
Sandy Clay . . - - et 7 10
Blue Clay - - - 10 20
ST T 5 25
Rock; WateT. . il 3 28
Oravel . e ieeaaiaaen 4 32
L 5 47
28 406 6 53
Limestone; water. 7 60
Sandy clay.. 10 K
Sand rock. .. 4 74
Limestone; water. .. ... 6 80

The above beds all belong to the Des Moines group.
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MOBERLY.

At Moberly, Randolph County, are several deep nonflowing wells.
One-half mile west of the city the water company sunk two of these,
60 feet apart and 510 feet deep. The waters of these two wells are
said to differ in composition and in amount. The deepest well in the
immediate vicinity of these two is southwest of the waterworks and
was drilled to a depth of 2,000 feet in search of oil. The writer is
indebted to Mr. W. H. Jones, of Moberly, for the log of this well and
other information. Mr. Jones states that salt water was struck
between 800 and 900 feet. The percentage of salt steadily increased
to a depth of 1,200 feet, below which the water became fresher. At a
depth of 1,300 feet a hard magnesian water was struck, and at 2,000
feet the salt could scarcely be tasted. At 900 feet 5 gallons of water
yielded, on evaporation, 1 pound of salt.

The meager records obtained from various wells drilled in this
vicinity seem to indicate that there is a buried channel having a
northeast-southwest trend, as wells situated a few hundred feet
apart demonstrate the existence of an ancient valley or trough in the
rock.

The log of the Moberly well is as follows:

Log of deep well at Moberly, Randolph County.

Thickness. | Depth.
Pleistocene (38 feet): Feet. Feet.
Soil and gravel. . .. i 38 38
Des Moines (79 feet):
[0 e (P 60 98
Fireclay.... 7 105
Whitesand......_....... 12 117
8t. Louis limestone (19 feet):
Blue and white Iimestone. . 19 136
Keokuk limestone (84 feet):
Gray sand and limestone. .. ... . . i i 84 220
Burlington limestone (75 feet): i
Blue and white marble. . ... ... it 20 240
White marble. ... ... - e 10 250
Limestone and sand... aeee 30 280
White limestone._ ... e 15 295
Kinderhook (212 feet):
Blue limestone. ... ... ... i e a e 105 400
Blue limestone with slate seams.. . 20 420
Blue state..... 10 430
Gray limeston 5 435
Gray slate.. 2 437
Gray limestor 55 492
Blue sand..... 15 507
Devonian (68 feet):
Gray limestone 45 552
Yellow sand . - a.-- 18 570
White slate. .. ... e 5 575
¢« Niagara " limestone (95 feet):
White limestone...... S 7 582
Blue limestone............ s et 12 594
Green slate...... . 3 597
Gray limestone. 5 602
White sand; wat 20 622
Yellowsand........... 45 667
Slate; cased 9§-inch hol 3 670
‘““Hudson group "’ (234 feet):
LieSEOMe . . o ettt e 42 712
Flake or egg-shell limestone; soft water........ . 10 722
Gray limestone with flint and iron seams . 70 792
L£5 7-3-28-7-% 1 T DR AR R M 30 822
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Log of deep well at Moberly, Randolph County—Continued.

Thickness.| Depth.
‘ Hudson group ’—Continued. Feet. Feet.
Gray limestone....... .. .. . ... .. iiiiiiiiiiiiiia.. . 8 830
Pebble sand; showing of oil........ S, 10 840
Graysand................. .. e 20 860
Limestone.. e 4 864
Gray sand.: - e 5 869
Yellow sand............. e eieieeeiaaaaean 10 879
Blue limestone.......... e eaieeeiaeenaaaaaas 15 894
BlUE SAIA .« et e 8 902
BlUe SIate. . . oot ot 2 904
‘“Trenton” lime
Limestone.. 28 932
Sand..... 18 950
Flint and 1 . 80 1,030
White sand. .. ... ... s 5 1,035
Joachim limestone (55 feet):
Limestone, flint, and sand. . ... ..o i 55 1,090
St. Peter sandstone (135 feet):
Whitesand and flint . ....... ...l 15 1,105
Blue sand and gray limestone...... . . 35 1,140
Salt, sand, and water.............. PN 10 1,150
White sand; some sulphur water.. e e 52 1,202
Honeycombed sand....... .. .. ... .l e 8 1,210
Whitesand................ et e 15 1,225
Undifferentiated Cambrian (465
Limestone and flint.. ... 15 1,240
White limestone. ........ 10 1,250
White limestone and gray sand . 72 1,322
Graysand... . ..o... . i.oiiiiiiiiiiiiiiin e et 19 1,341
Gray sand and limestone.. PO e 27 1, 368
White sand................ P 5 1,373
Fine gray sand.. . et 12 1,385
Gray limestone. e cene Y 31 1,416
Whitesand.............. J U, 42 1, 458
Blue limestone. ......... PR, R 17 1,475
Sand. . _...ieeoiiiailll . 163 1,638
Dark limestone or Trento: 12 1,650
Gray sand.. 40 1,690
No record. . 310 2,000

It is very probable that most of the sandstone in this record through
the last thousand feet is really a siliceous limestone. Samples for
study could not be obtained.

At 632 feet the largest amount of water, which was excellent for
drinking purposes, was reached, in a white, transparent sandstone,
the grains of which resembled granulated sugar. This was probably
Devonian sandstone. At 870 feet salt water was reached; at 1,180
feet magnesia water, and at 1,215 feet very salty water, probably
from the St. Peter sandstone. Water stood within 70 feet of the

surface.
RANDOLPH SPRINGS.

On the southern slope of a small valley adjoining an old salt lick,
about 5 miles west of Huntsville, near the east fork of Chariton
River, is a well owned by Charles Dameron. Depth, 965 feet; alti-
tude above tide, about 708 feet; temperature of water, 59° F.; of
air, 83.5° F.; flow, weak; date of completion, about 1869; surface
formation, Des Moines.

A few feet from the well is a strong brine spring; about 200 feet to
the south, and slightly higher, is a chalybeate spring; 100 feet south-
east of the latter, and still higher, is a shallow alum well; this group

1RR 195—07——8
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constitutes the Randolph Springs. At one time this was a popular
resort. Considerable water was then shipped to various points, and
as early as 1824 salt was manufactured. When the well was sunk
a careful log was kept, but it has, apparently, been lost.

Mr. Jacob S. Hunter, a member of the original company that sunk
this well, writes that he thinks a moderate flow of sulphur water came
from the last 100 feet. It is interesting to note that the water of
the deep well is much less saline than that of the enighboring brine
spring. This well was sunk in the hope of finding oil. The water
contains a small amount of sulphureted hydrogen, and deposits a
white precipitate. The flow is about 120 gallons per hour.

Schweitzer ¢ states that the temperature of the water was 58° F.,
and the air temperature 65° F. in 1892, this being 1° cooler than was
noted by the writer in 1904. .The same author states:¢ ‘“A partial
analysis of the water of this well made more than ten years ago is
printed in the appendix.” On page 233 of the appendix he gives
an analysis which must be referred to this well, but which he says is
of water from the ‘““salt spring.”” The following is a copy of this
analysis:

Analysis of water from salt spring at Randolph Medical Springs.b

[Partly analyzed in March, 1881.]

Parts per million. Parts per million.
Silica (8i0p)..cceveeeea oL 4.5 | Sulphate radicle (SO,)........... 435
Aluminum (Al)........... .. .. 144 Chlorine (Cl) . ... ............... 3,304
Calcium (Ca).................. 248
Magnesium (Mg)............... 52 5,793
Sodium (Na). .......ooeonot. 1, 606 ’

In another place (pp. 81, 82) attention is called to the relation of
some of these deep wells to adjoining springs and to the presence
of calcium chloride as indicating fossil brines that were formed in
basins shut off from the sea at an early period.

SALINE COUNTY.

MALTA BEND.

At Malta Bend is a well owned by the Saline Oil and Development
Company. Its depth is 1,250 feet; altitude, 690 feet; casing, 8i-
inch, 789 feet; flow, 320 gallons per minute; temperature of water,
61° F.; of air, 82° F.; date of completion, July, 1903; driller, Walker -
Morton, Malta Bend. When this well was visited, in 1903, only a
few samples of drillings—from 900 to 1,250 feet—could be had for

a Missouri Geol. Survey, vol. 3, 1892, p. 73.
b Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionie
form and parts per million at United States Geological Survey.
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examination. The driller gave the missing data from memory, as

follows:
Log of well at Malta Bend, Saline County.

Thickness. | Depth.

Pleistocene (119 feet): . Feet. Feet.

00 Ut 19 19

Quicksand, rounded flint bowlders at base..... . ... ... . ..o 100 119
Des Moines (230 feet):

Shale and sandstone ... ... L iiiieiiiciia i 230 349
Mississippian (400 feet):

LAMeStOme ... ittt ciiaiiaaieaeaeeaas e 300 649

Softer, sandy limestone, and 10 feet hluish shale. . _.......................... 100 749
Devonian and Silurian (?) (190 feet):

51T 70T 100 849
St. Peter sandstone (80 feet): ’

Dark Sand. ... . iiiieiaiaraeneeaeeaeaaan 50 899

Soft, coarse white sandstone, with rounded grains. ... ..................... 30 929
Jefferson City limestone (225 feet):

Siliceous magnesian limestone, with chert or blue flint with caleite crystals. 225 1,154
Roubidoux sandstone (90 feet+):

Reddish-white sandstone, rounded, polished grains 20 1,174

Siliceous magnesian limestone, with ealcite crystals and pyrite, dark gr: 75 1,249

Gray sandstone, fine rounded grains 1 1,250

No analysis of this water has been made. It is very strongly saline
and highly charged with sulphureted hydrogen. It is one of the
strongest flowing wells in the State.

SLATER.

At Slater, Saline County, a well was sunk in 1898 to a depth of 650
feet. It was cased for 70 feet with 10-inch casing, and 400 feet farther
with 6-inch casing. The water, which contains considerable iron,
rises within 150 feet of the surface, the main supply coming from the
sandstone at the bottom of the well. It is pumped and used for
domestic purposes and protection from fire. The water level is
slightly lowered after continuous pumping.

SWEET SPRINGS.

About a quarter of a mile west of Sweet Springs, on the banks of
Black Water River, is a well about which the following information
was obtained: Depth, 1,074 feet; altitude, about 670 feet; casing,
8-inch, 29 feet to rock; temperature of water, 62° F.; of air, 84° F.;
date of completion, 1902; driller, Jack Hume; cost, about $3,000;
surface formation, Burlington limestone, under Pleistocene.

Log of well at Sweet Springs, Saline County.

Thickness. | Depth.
Pleistocene (29 feet): Feet. Feet.
7 1 P 27 27
Gravel and sand. ... ...l iiieieioiiiaoas 2 29
Mississippian (326 feet):
Limestone. . 41 70
Soapstone 10 80
Limestone 1 81
Soapstone. 12 93
Brown lim 92 185
Sandstone 42 227
Limestone .- 33 260
Bastard limestone and gravel. . ... ... .. . . it 12 272
Gray mestone. . ... ...ttt et ecnaann ;g ggg

White SanAStOmNe. . v e ne ittt eeaeanas
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~ Log of well at Swect 8 pré’ngs, Saline County—Continued.

Thickness.| Depth.
Devonian and Cambrian (719 feet): Feet. " Feet.
Gray Hmestone. .. ... 4 . 359
Gray sandstone. ... ... i et 30 389
Soft mestone. .. ... il 3 392
Brown sandstone. . ... ..o 8 400
Soft gray Hmestone. . .. ... e e iieeeiaaaaas 2 402
Sandstone. . ..o 76 478
Gray Hmestome . .. .. il 2 480
BanAStOMe. .. .. 50 539
Limestone and sandstone. . ... .. . .. ... il 10 549
SanAStOIe. L. i iaaaas 75 624
Dark gray, very coarse sandstone. ... .. .. . il 12 636
Gray sandStone. .. ... ... .. i iiiiieiiimeimeeaaaiaaaes 25 661
Coarse SaNAStOMe. .. ... ..ot 2 663
BanAStOMe . ..t 411 1,074

According to the statement of the driller the first flow of water,
which was weak, was struck at a depth of 300 feet, just above what is
believed to be the Hannibal sandstone, this formation being found at
depths of 320 to 355 feet. The St. Peter sandstone should be located
either between 402 and 478 feet, which would give a thickness of 76
feet; or, as is more probable, between 557 and 624 feet, which would
give a thickness of 67 feet. At 564 feet the strongest flow of water
was obtained, and at 604 feet the first strong saline water was found,
facts which would seem to indicate that the St. Peter sandstone is the
water-bearing horizon in this section. It is quite probable that some
of the strata marked ‘‘sandstone” in the driller’s record may have
been siliceous limestone. This has been the case in a number of other
instances where the writer has had the opportunity of comparing the
drillings with the log. Men who have been accustomed to drilling
mainly in the sandstones and shales of the Pennsylvanian are very
liable to confuse the siliceous limestones and cherts with sandstones.

The water gushes out with great force from an 8-inch'pipe, which is
15 feet high, with an elbow at the top. The flow is about 840 gallons
per minute. When the well was first opened a pipe 44} feet long was
attached, and the stream was carried with force above that height.
The water is clear, strongly saline, and charged with sulphureted
hydrogen. It deposits a white precipitate on pipe, stones, and soil.
No analysis has been made.

WARREN COUNTY.

WARRENTON.

At Warrenton, Warren County, in sec. 28, T. 47, R. 2, there is a
well 400 feet deep, at an altitude of 875 feet. It has a 6-inch casing
for about 100 feet to rock. The well was completed in 1891. A
small flow of water was struck at 150 feet, but the main supply was
obtained at 360 feet. The water, which is rather hard, is used for.a
steam mill and town supply. The cost of the well and pumping
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machinery was about $900. The following log, together with other -
information, was furnished by Prof. John H. Frick: :

Log of well at Warrenton, Warren County.

Thickness.| Depth.
Feet Feet.

0o TG Y 80

Chert, clay, and gravel. ... ... i et 16 96
Limestone ... . 50 146
Sandy limestone. . 1 147
Light gray limesto; 13 160
Blueclay.......... 200
Gray limestone 108 308
‘‘Soapstone” 44 352
St. Peter sandstone 484 400

This well started in the Mississippian.

DECATURVILLE DOME DISTRICT.

The Decaturville dome district includes an area in Camden, Hick-
ory, Miller, and Polk counties within a radius of about 30 miles froiu
Decaturville, Camden County. The district is small and is somewhat
arbitrarily defined. Flowing wells are located at or near the follow-
ing places: Carver, Decaturville, and Hahatonka, Camden County;
Aurora Springs and Iberia, Miller County; Cross Timbers and Pitts-
burg, Hickory County; Cliquot and Goodson, Polk County.

CAMDEN COUNTY.
CARVER.

Two miles northwest of Carver, on the east side of the road between
Climax Springs and Proctor, in sec. 29, T. 40, R. 18, in a valley about
60 feet above Osage River, is a well owned by James Hildebrand, and
drilled by John Hays, of Versailles, with a diamond-core drill. This
well was completed in 1901. It is901} feet deep, with a 2-inch bore.
The water, which is clear, soft, and rather warm, rises 30 feet above
the surface. No variation in flow has been noticed. The well prob-
ably started in the Gasconade limestone.

DECATURVILLE.

At Decaturville, on the southern border of Camden County, the
intrusion of a dike of pegmatite has greatly tilted the rocks for 10 to
15 miles around, producing conditions favorable for artesian wells.®

Nine hundred feet west of Samuel Wheeler’s place, near Decatur-
ville, J. N. Kennett sunk a well 300 feet deep for mineral. A strong

e For further description of this interesting locality, see Shepard, E. M., The spring system of the
Decaturville dome, Camder: County, Mo.: Water-Sup. and Irr. Paper No. 110, U. 8. Geol. Survey, 1905,

p. 113. .
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_‘ flow was struck at a depth of 200 feet. This continued for several
years, but gradually declined until all activity ceased. The mouth of
this well is about 50 feet lower than Pegmatite Hill.

GUNTERS.

The Rust and Scott wells are situated on the land of Tip Webster,
1 mile west of Gunters, on the west side of Banks Creek, near its junc-
tion with Niangua River, and are separated from the Kellogg well by a
ridge 200 feet high. These two holes were bored for mineral in 1900.

The Rust well, to the north, is 780 feet deep. The first flow of water
was obtained at 680 feet. The temperature of the water is 59° F.,
and that of the air is 84° F. Colonel Scott states that the water,
which is clear and sparkling, with a slight odor of sulphureted hydro-
gen, rises 30 feet above the surface. No decrease in pressure has been
noted.

The Scott well is 740 feet deep, and is situated an eighth of a mile
from the Rust well, on the same side of the branch and close to it.
The first flow was struck at 680 feet. The original pressure was suffi-
cient to raise the water 20 feet above the surface, but now (1905) it
simply flows ‘at the surface. The temperature and other physical
characters are the same as in the Rust well.

Partial analyses of a number of wells and springs in this region,
including Bennett’s and Gunter’s springs and the Lebanon well, show
a similar character and composition in all, a fact which points to the
deep-seated origin of all these waters,and seems to indicate a common
source in the catchment bdsin around Pegmatite Hill. The presence
in a number of these waters of a small amount of sodium carbonate
apparently confirms this view, and shows that the pegmatite contain-
ing soda feldspar is of greater extent underground than at the surface.

HAHATONKA.

In 1902 Major Rush sunk a well in search of mineral on the south-
west side of Hahatonka Lake, not far from the island and but a few
feet above the level of the lake. It is 864 feet deep. The first flow
of water was obtained at 840 feet. The water rose 36 feet above
the surface. This well was started probably near the top of the
Gasconade limestone and ended in 3 feet of soft sandstone, possibly
of the Elvins formation. Unfortunately no record was obtainable.
The flow has materially decreased. The temperature of the water
is 63° F. with an air temperature of 87° F. The water is clear, but
warmer than that of adjacent springs, and has a slight odor of
sulphureted hydrogen.
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HICKORY COUNTY.
CROSS TIMBERS.

Five miles due west of Cross Timbers, in the bottom of a small
stream valley, in the NW. 1 NW. 1 sec. 24, T. 38, R. 22, are three wells
owned by G. W. Crudginton that were drilled in September, 1899, in
prospecting for lead and zinc, to the depths of 75, 90, and 110 feet.
Water began to flow from a depth of 33 feet, and continued to do so
all the way down. No perceptible change in the flow has ever been
noted. The three wells are all within 50 yards of one another, and
at about the same elevation, which is estimated, barometrically, as 535
feet. It is difficult to determine the flow of these wells, as a large
amount of water leaks out from the base of the pipes. The well
with the strongest pressure has a flow, from a 2}-inch pipe, estimated
at about 8 gallons per minute. These drill holes had originally a
6-inch bore and were never cased. No log was kept, but it is stated
that they passed through limestone all the way, probably starting in’
the Roubidoux. The following analysis of the water from the deepest
of the three wells was made by Mr. E. E. Ellis, to whom the writer is
indebted for these notes.

Analysis of water from well No. 3 at Cross Timbers, Hickory County.

Parts per million. Parts per million.
Trom..o.....oLLiliill.. Trace. | Sulphates....... ... ... ....... 88
Calcium...... ... ... .......... 380 Chlorides.......ooooii ieaaaan. 14,44
Total hardness................_.. 152.9 | Temperature of air, 64.2° F.

Total carbonates........._....... 470.4 | Temperature of water, 57.2° F.
Alkaline carbonates (normal) .. .. 0 Color, clear.

Alkaline carthy carbonates (acid). 470.4 | Odor, none. )
The water has a slight odor of sulphureted hydrogen.
PITTSBURG.

~ In 1896 the discovery of zinc in a shallow well started a large
amount of prospecting in the neighborhood of Pittsburg, and several
flowing wells were obtained from these prospect holes. These wells
seem to be located on the northwestern slope of a fold extending north-
east and southwest through this region, and have been placed, for
convenience of description, in the Decaturville dome district.
Pittsburg is situated in the southeast corner of sec. 25, T. 36, R. 22,
at an altitude, barometrically, of 1,155 feet, or 90 feet above the town
of Bolivar. The first flowing well was struck on the land of J. A.
Williams, in the northwest corner of sec. 25, T. 36, R. 22. It was
drilled by Mr. Busby, of Tola, in August, 1901, with a 6-inch churn
drill, to a depth of 100 feet, and cost $75. Water was encountered at
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a depth of 20 feet, but the first flow came from near the bottom.
The mouth of the well is a little less than 100 feet lower than the town
of Pittsburg, and is probably in the Jefferson City limestone. No log
was kept, but it is stated that the drill passed through limestone all
the way. No variation has been noted in the flow, which is a small
stream. The water is clear and odorless. The air temperature is 48°
F., and the water temperature 53° F.

The well on the land of S. J. Martin, south of the center of the SW.
sec. 25, T. 36, R. 22, was sunk in October, 1901, to a depth of 100 feet,
with a 6-inch churn drill. This well had at first a stronger flow than
any other in this group, but the force has gradually diminished until
the water stands 3 feet below the surface. N

The well on the land of Y. J. Petts, in the center of the W. } sec. 36,
T. 36, R. 22, on the top of a hill, is 90 feet deep, and was made with a
6-inch churn drill. The well was started in the upper part of the
Burlington limestone about 8 feet thick, then passed through 10 feet
of yellow rock (Chouteau limestone) and 20 feet of blue (Hannibal)
shale. The remainder of the record was lost. The absence of the
lower part of the Burlington all through this region is noticeable.
The air temperature is 48° F., the water temperature 53° F.

A well near the center of sec. 14, T. 35, R. 22, owned by Len. G.
Mallonnee, of Pittsburg, was sunk to a depth of 110 feet, in October,
1901, with a 6-inch churn drill. This well was started in white,
coarse-grained limestone (the upper part of the Burlington), 30 feet
thick; it then passed through 30 feet of sandstone (Hannibal), 20 feet
of blue shales (Hannibal), and flint to the bottom. It is noticeable
that the Chouteau limestone is absent. The water is colorless and odor-
less. It was struck in the Hannibal sandstone, and did not flow until
the sandstone was nearly passed through, after which the flow grew
stronger until the bottom was reached.

MILLER COUNTY.
AURORA SPRINGS.

A little to the southeast of Aurora Springs, Miller County, in sec. 19,
T. 41, R. 15, a shaft was sunk to a depth of 140 feet, in prospecting for
lead and zinc. The well is situated about 12 feet above the bottom
of Little Gravois Creek. No water was struck until a depth of 100
feet was reached; below this the well commenced to flow.

IBERIA.

Two and one-half miles northwest of Iberia, in the bottom of
Baileys Branch, is a well on the farm of George Graves. A moder-
ate flow of water was obtained at a depth of 60 feet, in the
Gasconade limestone.



DECATURVILLE DOME DISTRICT. 111

POLK COUNTY.
CLIQUOT.

Near Cliquot are two wells—one owned by the St. Louis and San
+ Francisco Railroad and the other by M. C. Shelton.

The railroad well,in sec. 8, T. 34, R. 23, was drilled in 1901 by W. A
Hash, of Bolivar, toa depth of 262 feet the first 196 feet with an 8-inch
bore and the last 66 feet with a 6-inch bore. Water was struck at 40
feet, and the flow increased slowly with the depth. The pressure is
sufficient to raise the water in a pipe 15 or 20 feet above the surface.
A pump is, however, used to force the water into a water tank for
engine purposes. The water is clear, colorless, odorless, and cool.
The well starts in what is probably the base of the St. Peter sandstone.
The altitude of Cliquot is about 995 feet.

The Shelton well is situated in the center of sec. 17, T. 34, R. 23,
three-fourths of a mile southeast of Cliquot, and probably 50 feet
higher than the well at that point. It is only 10 feet deep, and
passed through a tough yellow clay and shale, striking a hard rock
at 10 feet, from which point the water rose and flowed out at the sur-
face. The shale was, undoubtedly, Hannibal shale, and the lime-
stone either Louisiana or “Sac’’ limestone.

GOODSON.

Near Goodson post-office, 9 miles south and 3 miles east of Pitts-
burg, is a well that was originally a prospect hole for lead and zinc.
It is 100 feet deep and has a good flow, the water rising 6 feet above

the surface.
CLINTON-NEVADA DISTRICT.

GENERAL ARTESIAN CONDITIONS.

The Clinton-Nevada district includes portions of Henry, Vernon,
Cass, Bates, St. Clair, and Cedar counties. The wells in this district
have their catchment basin in the Ozarks. The uniform dip of the
strata to the west and northwest is continued in this district as in
the districts to the north. In this district, however, the conditions
are more favorable for flowing wells than farther north, as the alti-
tude of the country to the west does not increase so rapidly.

The upturned edges of the Pennsylvanian rocks outcrop succes-
sively through this district. Fairly good water is obtained from the
sandstones and limestones of the Pennsylvanian, but that from the
shales is liable to be strongly saline. The Mississippian forms a fine
water table, and a strong body of water is usually found when the drill
reaches that series.

Large shallow ponds or lakes and swamps extend in a long narrow
belt from a point southwest of Nevada for a distance of 40 miles to the
northwest. Some of these bodies of water cover several hundred
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acres and are never dry. The peculiar topography and conditions
so far south of the glaciated area immediately impress the observer.
It is said that these ponds contain fresh, pure water and are spring
fed. It is also stated that a person wading in them can feel the cold
jets of water that come up from many points all over the bottom
This belt of lakes and swamps seems to be & flat, slightly depressed
area with a somewhat abrupt eastern side that rises suddenly to a
broad valley or plain from 40 to 60 feet above the lake valley. This
outline suggests the posmblhtv that the area has been undermined
by the numerous springs brought up by artesian pressure, the phe-
nomena being similar to those observed in the “sunk distriet” of
southeastern Missouri. Flowing wells are found at the following
places: Clinton, Henry County: Nevada, Richards, Sheldon, and
Stotesbury, Vernon County; and near Horse Creek, Barton County.

BARTON COUNTY.
HORSE CREEK.

In the middle of the N. § sec. 2, T. 33, R. 29, just above the level of
a little branch that flows into Horse Creek is a well that was sunk'in
1884 to a depth of 60 feet in search for mineral. Tt was started near
the base of the Cherokee shales and stopped at the top of the Missis-
sippian limestone, It flows a very small stream, which is piped lat-
erally. The water contains a very small amount of gas. Its tempera-
ture was 64° F. when that of the air was 87° F.

BATES COUNTY,

ADRIAN.

In sec. 30, T. 42 N., R. 30 W., is a well owned by the Lawder estate
and drilled by R. J. Lawder. The following log was received from
Messrs. M. L. Fuller and S. Sanford: )

Log of Lawder well, Adrian, Bates County.

Thickness. | Depth.

Feet. Feet.
Soil, red and yellow clay . . o oo it e aeeeeeaaeeeeaaaaeas 37 37
Lime T0Ck - L. iaeeiieineeaiiaiaaas 3 40
Fire clay. .. 20 60
LAme 100K . .. 11 71
5 % 3 G ¥ P 41" 75
Lime rock. . 3 78
Grai slate. . 10 88
Darkclay. . 3 91
Lime roek. . 5 96
Gray slate_...... 14 110
Blue soapstone ........................... 20 130
Fire elay . . e e e e et e iaeeeaeaaann 17 147
Lime rock.._.. 7 154
Blue joint clay 10 164
Lime roek..... 8 172
Gray joint cla,y 4 176
FUNG TOCK - o oot e 8 184
L5 - 2 186
Gray lime rock; affords abouf 2 barrels of water perday..............C 74 260
Sand rock........ 15 275
White lime rock 25 300
8Sand roCK. ...l 20 320
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In 1904 a well was drilled at Rockville to a depth of 1,550 feet.
The driller declined to give a full record, but from his statement it
was learned that the St. Peter sandstone was reached at a depth of

856 feet, with a strong body of saline water.

CASS COUNTY.

DREXEL.

In Drexel, Cass County, is a drilled well 64 feet deep. It penetrated
40 feet of limestone and 4 feet of carbonaceous shale, from which latter
the water is derived. The water is pumped to the surface and has a

temperature of 58° F.

Schwejtzer, in his report on the mineral waters of Missouri,® gives

the following analysis:

Analysis of water from well at Drexel, Cass County.b

Parts per million.

Silica (Si0). . ..ol 11 Sulphate radicle (SO,)...........
Iron (Fe) ..., 2.8 | Chlorine (CL)............. S
Caleium (Ca).................... 9.9 | Sulphur (S)......o.occoo..
Magnesium (Mg)- .. ...o.oo.. 6.5

Sodium (Na). ... 481

Bicarbonate radicle (HCO,). . ... 1, 059

PLEASANT HILL.

Parts per million.

74

At Pleasant Hill, Cass County, there is a well 150 feet south of the
Missouri Pacific Railway. The log, for which the writer is indebted

to Dr. G. C. Broadhead, is as follows:

Log of well at Pleasant Hill, Cass County.

Thickness. | Depth.

Ft. in. | Ft in.
0 2 . - S 30 30
Gravel, water-bearing................. E SR 2 32
Clay, with thin layers of sandstone. ... ... ittt iieiiianoi i aariaas 43 75
Black bituminous shale, with streak of coal. ... ... .. ... . ... cioiiiann 3 78
Dark shales, with thin limestone layer..... 2 89
Dove-colored shales.......... 9 89
Gray limestone. .............. 5 94
Dove-colored calcareous shale 7 101
Dark shales with red beds..... . 2 6 103 6
ST L Y 28 131 6
F T8 T 0 T R 3 134 6
Shales and limestone................ . 17 151 6
Black shales, with thin coal seams 3 154 38
Shales andeclay................... 3 157 6
Blue limestone 10 167 6

a Missouri Geol. Survey, vol. 3, 1892, p. 182.

b Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United

States Geological Survey.
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Log of well at Pleasant Hill, Cass County—Continued.

Thickness.| Depth.
Ft. in.| Ft. in

Dark shales and sandstone. ... ... .. ... i 7 174 6
Dark-blue and red shales......... ..o . ..o iiiiiiiiiiiii i 15 189 6
Hard blue limestone. ... .. ... e 2 W6
Dark shalesandcoal.............. R 1 6 193
Clay....coocoeiiaiooe e 2 195.
Sandstone. s 10 285
Limestone. e 2 207
Sandstone. .. ... ... 3 210
Shales and coal 1 211
Alternating sandstone a 80 291
Dark shales. . 1 292
Shales........ 9 301
Bituminous slat 3 304
Sandstone and shales. .. 18 322
Shale, slate, and a foot of coal. . 2 324
Sandstone and shales with pyrnte. 31 356
Limestone....._............_...... 1 356
Shales.................. 3 6 359 6
Good bituminouscoal......... ... ... ... 1 6 361
Fire clay, with nodules of ironstone........... P e . 5 366
Clay, shales, and ironstone..................... . e B 10, 376
Micaceous sandstone with some clay. . 105 481
Dark clay with 1 foot ofcoal........ 5 486
Sandstone and blue shales with pyrlt 47 533
Shale 19 552
Brown sandston 28 680
Lower Carboniferous limestone and ch 25 605

All but the last 25 feet of this section is Des Moines.

HENRY COUNTY.

CLINTON.

At Clinton, Henry County (see fig. 5), the Clinton Light and Water
Company has several wells.* Well No. 1, south of the city, in the
NW. 1 SW. 1 sec. 10, T. 41, R. 26, was drilled in the summer of 1887.
Depth, 800 feet; altitude, 700 feet above tide; casing, 8-inch to 425
feet, 53-inch to 800 feet; flow, 400 gallons per minute; cost, about
$2,500; surface formation, base'of Cherokee shales. The first flow of
water noted, 75 gallons per minute, was obtained at a depth of 310
feet in the St. Peter sandstone. At 425 feet the flow had increased to
about 200 gallons per minute and the pressure was so strong that it
was difficult to preserve the drillings.” This water was charged with
sulphureted hydrogen and was called sulphur water. At this depth
the bore was reduced from 8 to 5% inches, and continued thus down to
800 feet. The flow of water at 425 feet was cut off by casing, so that
the two distinct flows could be obtained, that from the depth of 425
feet issuing from around the inner casing, which brought up the water
from 800 feet. The water from the bottom was probably derived

e Acknowledgment is hereby made to Dr. J. H. Britts, of Clinton, for the drill samples, which the
writer has examined, for records and analyses of this interesting group of wells and for other valuable
information.
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from the base of the Gasconade limestone and was fresh. The flow in
both cases was measured and found to be about 200 gallons per
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F16. 5.—Map of the Clinton artesian district, Henry County.

minute each, or a total of 400 gallons. The inner casing has since

been removed, and the waters mix.

this well:

Log of artesian well (No. 1), Clinton, Henry County.

The following is the record of

Thickness. | Depth.
Des Moines (40 feet): Feet. Feet.
Blueshale. . ...l 40 40
Keokuk and Burlington (80 feet):
Chert and gray limestone......_....................... e 10 50
Whitechert. .. ... ... ... ... ..« . ... ... .......... 10 60
White chert and limestone 20 80
White shaly limestone......... 10 90
Gray limestone and white chert 10 100
Blue magnesian shale.......... 10 110
Blue and gray siliceous limestone 10 120
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Log of artesian well (No. 1), Clinton, Henry ('ounty—Continued.

Thickness. Depth.

Chouteau limestone (70 feet): Feet. Feet.
Light-gray crystalline magnesian limestone, littlechert..................... 25 145
Blue splintery, compact magnesian limestone 15 160
Blue splintery, shaly magnesian limestone. .. ... 4 180
Same, with more chert. .. ... . ... e 10 190

Devonian (40 feet):

Same, w.th more chert and s’liceous limestone 10 200
Blue and gray shaly, s.l.ceous magnesian limestone. 20 22
Gray siliceous magnesian limestone, some chert. . .............coiiioiiiin.. 10 230

Joachim limestone (50 feet):

Light-gray ¢‘ cotton rock,”’ magnesian l'mestone. +.........ocoeeeoeneaeaaa.. 30 260
Same and some blue limestone. . ......o.......o i iiiiiiiiaa. 20 280

St. Peter sandstone (30 feet):
Fine-grained blue chalcedonic flint, siliceous limestone with marcasite crys-
tals and iron-stained sand (rounded %:‘ams ofquartz)................_.._. 10 290

Same, with finer rounded grains (probably St. Peter sandstone)............. 10 300
Coarser, more rounded grans of quartz, s liceous wh'te magnesian l. mestone. 10 310
Jefferson City limestone (190 feet):
%ua,rtz, flint, and s'liceous magnesian limestone, minute mareasite crystals. 10 320
lint and quartz gra'ns mixed with s liceous limestone.................._... 10 330
Same, with minute marcasite crystals andironstan........................ ' 10 340
Fine-grained siliceous dolomitic | mestone, with some int.................. I 30 370
Gray siliceous dolomite, white flint and marcas.te........................... 10 380
Gray siliceous dolomite, slightly coarser,noflint.. ... .. .......ccoooii... 10 390
Dark-gray siliceous dolomite, with few coarse part.cles of flint.............. | 10 400
Flint, quartz, and siliceous limestone; flow of water very strong; sulphur
waterat 425 feet. .. ... .. L.l 100 500

Roubidoux sandstone (25 feet):
Fine white sandstone (probably Second sandstone of Swallow); flow very

5113 o) - M 25 525
Gasconade limestone (275 feet):
(From 525 to 670 feet no cuttings could bhe had owing to force of water)..... 145 670
Light bluish-gray dolomite, w th fine graimns of white fint.._....__._.._.___. 30 700
Fine grains of quartz, white flint, and gray siliceous dolomite at bottom;
fresh Water. .. ..o 100 800

The following analysis is taken from Schweitzer’s report.®

Analysis of water from artesian well (No. 1), Clinton, Henry County.b

[Analyst, A. E. Woodward, 1892.]

Parts per million. | Parts per million,
Silica (Si0g) . . . oo 12 | Bicarbonate radicle (HCOg)...... 375
Calcium (Ca) . .............. ... 117 | Sulphate radicle (SO,) . .......... 110
Magnesium Mg)................. 51 | Chlorine (Cl). .. ................ 719
Sodium (Na). ... ... ... ... ... 419
Potassitm (K)- .o ononeneenenn.. 16 1,819

This is a distinetly saline water, with a small percentage of carbo-
nates present. The sample for analysis was obtained by plunging a
gallon bottle into the mouth of the standpipe and allowing it to fill
with the water. The bottle was then stoppered and sealed with
melted paraffin.

Well No. 2 is a few hundred feet south of well No. 1. Depth, 800
feet; altitude above tide, 700 feet; casing, 5-inch to bottom; flow,
about 200 gallons per minute;¢ date of completion, 1891; surface for-
mation, base of Cherokee shales. The log of this well is essentially
the same as that of No. 1. Tt is a curious fact, however, that the

a Mineral waters of Missouri: Missouri Geol. Survey, vol. 3, 1892, p. 86. .

b Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States Geological Survey.

¢ Since the sinking of well No. 7 the flow of this well has decreased fully one-half,
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chemical composition of the water is decidedly different, as may be
seen by a comparison of the accompanying analyses of the two.®
This well was for a number of years the main source of water supply
for the city of Clinton. The water is collected in large reservoirs and,
together with that of several other wells more recently drilled, is
pumped to the city.

Analyses of water from artesian well (No. 1) and waterworks well (No. 2), Clinton, Henry
County.b '

[.Pa,rts per million.]

N Water-
Artesian
works
well. well.

CaleIUIM (R - . et 116 80
Magnesium (Mg) e e e 51 37
Sodium (Na)....... e 420 204
POt assiIm () - ot e e 17 42
Carbonate radicle (CO;). . 184 168
Sulphate radicle (804) . 110 91
Chlorine (Cl) . ..o it it 77 335
1,615 957

Free HoS. . ..o i iiiiiianaaans e e s 4.1 11
Free COs and combined as bxcaruonate ............................................ 175 147

In connection with this comparison Woodward says:

Since the two wells are but a short distance apart and were both drilied to the
same depth, a correspondence between the analyses of these waters is to be expected.
A very considerable difference is found to exist, however. Thus, though both are
characterized by & large percentage of sodium and chlorine, the water of this well
[waterworks well] diffeas from the artesian-well water by containing larger amounts
of carbonates and sulphates. These differences are produced probably by the mixing
in the waterworks well of a greater quantity of surface waters with the chloride water,
thereby decreasing the amount of total solids and increasing at the same tine the
amount of alkaline constituents. * * * Results of analyses of other well or spring
waters directly comparable to these Clinton waters are not easy to find. The Fort
Scott, Kans., artesian water yielded 1,868 parts per million; the Clinton artesian, 1,615
parts per million.

The following is a complete analysis of water from waterworks well
(No. 2):¢

Analysis of water from waterworks well (No. 2), Clinton, Henry County.b
[Analyst, A. E. Woodward, 1892.]

Parts per nnl_hon Parts per million.
Silica (SiOg)..coooiiii i Blcalbonate radicle (HCOa) ...... 342
Calcium (Ca).............. ... 80 Sulphate radicle (80,)........... 91
Magnesium (Mg)................ 37 Chlorine (Cl)..coccoae il 335
Sodium (Na). ............... .. 204 I
Potassium (K).................. 42 1.138. 4

aWoodward, A. E., Bull. Missouri Geol. Survey No. 3, 1890, p. 91.

b Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States Geological Survey.

¢ Schweitzer, Paul, Mineral waters of Missouri; Missouri Geol. Survey, vol. 3, 1892, p. 120.
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About 1 mile north of the wells previously described, in the bottom
of the same creek and similar in character to No. 2, is a well (No. 3)
owned by Dr. J. H. Britts. Depth, 913 feet; altitude above tide, 715
feet; casing, 8-inch to bottom; temperature of water, 64° F.; flow,
400 gallons per minute;® date of completion, 1891; cost, $2,000;
surface formation, base of Cherokee shale. The log of thiswell differs
slightly from those of the other wells in the first 60 feet, the first 40
feet of Cherokee shales being followed by 20 feet of Graydon sand-
stone, a formation which does not appear in any of the other wells
about Clinton. The following is an analysis of the water of the
Britts well:®

Analysis of water from Britts artesian well (No. 3), Clinton, Henry County. ¢
’ [Analyst, Paul Schweitzer.]

Parts per million. Parts per million.
Silica (8i0,) - . . o ... 14 | Bicarbonate radicle (HCO,). . .... 431
Calcium (Cay...2................ 106 | Sulphate radicle (SO,)........... 91
Magnesium (Mg)- - - coameana... 45 | Chlorine (Cy_.................. 560
Sodium (Na). ...l 353
Potassium (K).... ..o 19 1,619

At the Clinton ice plant, about 1,000 feet northeast of the court-
house, at one of the highest points in the vicinity, are two nonflowing
wells (Nos. 4 and 5), 10 feet apart. One was drilled in 1894 and the
other in 1896. Both are 650 feet deep and their altitude is 780 feet,
which is probably 80 feet more than that of the flowing wells in the
valley. The bore of one is 8 inches and of the other 2 inches.
Water rises within about 100 feet of the surface. The wells are
equipped with two deep-well pumps having a capacity of 240 gallons
per minute, and they would undoubtedly supply two or three times
the capacity of the pumps. No analysis of the water of either of
these wells has been made, but it is stated that it is alkaline with an
appreciable amount of sulphureted hydrogen, and similar in character
to that of the other wells. Marbut? gives the following log of these
wells:

Log of wells at Clinton ice plant ( Nos. 4 and 5), Clinton, Henry County.

Thickness.| Depth.

Ft. in. Ft. in.
Soil and elay . .ol eaeeeaaeaaaan 12 0 12 0
Sandstone and'sandy shale... ... ... .. i iiiiiiiiiii i . 21 0}- 33 O
L0 7 3 G . 0 4 3 4
Shale..................... . 9 0 2 4
Sandstone, very hard. .. ... . . i e .. 8 0 50 4
Shale and sandstomne. . ........ ..o .o it . 87 0 137 4
Chert, lower Carboniferous............. .- 445 0 182 4
Shale, red. ... oeu o ... 20 0 202 4
Limestone, Lower Carboniferous and Silurian........................... . 400 0 602 4
Sandstone, “ Saccharoidal,” with rounded grains of pure silica 40 0 642 4

a Since the completion of well No. 7, near Nos. 1 and 2; this well has ceased to flow.

b Missouri Geol. Survey, vol. 3, 1892, p. 121.

¢ Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States Geological Survey. : .

4 Marbut, C. F., Geology of the Clinton sheet: Missourl Geol. Survey, vol. 12, pt. 2, 1898, p. 101.
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About 200 feet west of well No. 2 is a well (No. 6), owned by the
Clinton Light and Water Company. Depth, 500 feet; altitude
above tide, 700 feet; casing, 8-inch to bottom; flow, 200 gallons per
minute; ¢ date of completion, 1897; surface formation, base of Chero-
kee shales. The water of this well is similar in composition to that
of well No. 2, and the two wells have similar logs. The water is
collected in settling basins for city service.

Near the northeast corner of the new settling basin of the Clinton
water station about 150 feet north of well No. 2 is another well
(No. 7), owned by the Clinton Light and Water Company. Depth,
818 feet; altitude above tide, 700 feet; casing, 10-inch to bottom;
flow, about 700 gallons per minute; date of completion, February,
1902; cost of well, $2,000; surface formation, base of the Cherokee
shales. The flow of this well surpasses that of all of the other wells
combined, and its effect on the others, as has already been mentioned,
has been marked. The water resembles that of No. 2 more closely
than that of any of the other wells. It may be classed as an alkaline
water, with some sodium chloride and with free hydrogen-sulphide
gas. It is not, however, a combined sulphur water. This well is at
present the main source of the city water, which it supplies in the
greatest abundance, filling a reservoir 250 by 160 by 5 feet in twelve
hours. The log is practically the same as that of the other Clinton
wells, extending into the Gasconade limestone. The main source of
water is probably in the Roubidoux sandstone. This well began to
flow at about 375 feet and the water was comparatively soft with but
little mineral salts and hydrogen-sulphide gas. The flow gradually
increased with the depth of the well with a corresponding increase
of mineral constitutents. The following analysis of this water was
obtained:

Analysis of water from well No. 7, Clinton, Henry County.b

[Analyst, J. C. Draper, June 20, 1902.]

Parts per million. ' Parts per million.
Silica (Si0g)cveeeeini oot 6.4 | Sulphate radicle (SO,)......... 122
Iron (Fe)..oooooo ... Trace. | Chlorine (Cl)................... 122
Caleium (Ca) ..............._.... 147 Alkaline chlorides... . ......... 1, 562
Magnesium (Mg)............ . ... 56
Carbonate radicte (COy)....... ... 179 ! 2,194.4

The Jordan well is located in sec. 19, T'. 41, N., R. 25 W, about 3
miles southeast of Clinton. It flowed feebly for a number of years
after it was drilled and yielded a mildly chalybeate water, which was
extensively used. It is now, however, abandoned and choked up.
No log was kept and no analysis was made, but the water apparently
had its source in the Cherokee shales.

e Flow has decreased since the sinking of well No. 7.
b Expressed by analyst in hypothetical combinations; recomputed to ionic form at United States
Geological Survey.

1RR 195—07——9
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ST. CLAIR COUNTY.
APPLETON.

In 1891 the Appleton City Water and Power Company put down a
well 1,190 feet deep in prospecting for oil, gas, or water. It is to be
regretted that the greater portion of the record of this well has been
lost. It was cased for 300 feet with 8-inch casing. A strong body of
water was struck between 1,000 and 1,100 feet. Tt was decidedly
saline, and contained a large amount of sulphureted hydrogen. The
mouth of the well has an altitude of 760 feet; the well starts in Chero-
kee shales, and water stands 40 feet from the surface. Acknowledg-
ment is made to Mr. T. C. Brown for the use of such drill samples
as have been preserved. The well cost $2,000. At 50 and 150 feet
small coal seams were struck.

From the cuttings that have been preserved, Mr. Ellis gives the
following incomplete log:

Partial log of well at Appleton City, St. Clair County.

Thickness.! Depth.

Grayish-brown compact limestone containing numerous small, well-rounded Feet. Feet.

quartz grailis, at . . ..t e e aeeaas 587
Comfm,ct Iimestone and chert, with small rounded quartz grains................ 21 608
Finely erystalline dark- brown limestone, with some chert and many rounded

Ly T 37 645
Thoroughly crystalline, fine-grained gray limestone, with small amounts of chert

AN TATCASIIO . .« v\ e e e e aeeen e eaans 30 675
Compacet, crystalline grayish-brown limestone, with oolitic chert and sand. 65 740
Finely erystalline, light-gray limestone, with few sand grains; no chert. . 50 790
Rather fine-grained sandstome, nearly white, iron stained, gralns well ron 10 800
Crystailline light-gray limestone, with white chert.. ... N 200 1,000
Compact light-gray limestoue, with some sand grains. . 190 1 190

The greater part of this section is probably Gasconade limestone.

Analysis of water from artesian well at Appleton City, St. Clair County.o

[Analyst, Paul Schweitzer.]

Parts per million. Parts per million.
Silica (S10g) . - - ceiiiiiiia it 40 | Carbonate radicle (COg). ... ... 12
Calcium (Ca) .. ....oo...cooo... 369 | Sulphate radicle (80,).......... 272
Magnesium (Mg). ................ 161 | Chlorine (Cly. ... .. ............. 4,939
Sodium (Na). ...... P 2, 589 —
Lithium (Li) - © oo oo 10 8,392

This water was used by the city for two years, being pumped by a
small engine, but it was finally discarded because of its highly miner-
alized character. It is stated that the water corroded iron and tin
and killed neighboring vegetation.

a Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionie
form and parts per million at United States Geological Survey.
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OSCEOLA.

In 1891 a well about 500 feet deep, with an 8-inch bore, was sunk
in Osceola and cased 12 feet to rock. A strong vein of water was
struck, which rose within 75 feet of the surface. The water is hard,
and was pumped for general use. The cost of the well was $1,500.

Another well is now (summer of 1905) being drilled at Osceola for
oil and gas by the Osceola Development Company on the farm of
M. M. Love, 1 mile west of the Frisco Railway station, on the top of a
hill having an elevation of 832 feet. The well was started in the base
of the Des Moines, and the company expects to go to a depth of 1,800

feet.
VERNON COUNTY.

NEVADA.

Nevada, Vernon County, is, like Clinton, the center of a group of
~everal flowing and nonflowing deep wells. The oil excitement in
Kansas stimulated the boring of deep holes in this region, which
~esulted in the finding of several valuable artesian wells in this county.
The most important of these are the wells at Nevada, Sheldon, Stotes-
“ury, and Walker.

In the suburbs of Nevada, a little over a mile from the railway sta-
“ion, is a well owned by Harry C. Moore. Depth, 800 feet; altitude,
harometrically, 900 feet; casing, 6-inch; depth, unknown; tempera-
sure of water, 63° F.; of air, 69° F.; flow, 10,000 gallons per hour;
date of completion, 1887; cost, $2,500; surface formation, base of
“herokee shales. The well is situated on the side of a valley at the
‘oot of a low ridge. The water rises through an iron pipe and flows
into a basin, whence it is conveyed to two lakes covering 15 acres each.
The water is strongly impregnated with sulphureted hydrogen and a
deposit of white alg®, the same as that at Clinton, covers the basin
~nd its outlet. Tt is to be regretted that no record of the log of this
~vell has been preserved. An analysis made by Schweitzer in 1892¢
‘< here given:

Analysis of water of artesian well at Nevada, Vernon County.b

[Analyst, Paul Schweitzer, 1892.]

Parts per million. Parts per million.
lica (S10g) e vveeiieennniiiiins 14 | Sulphate radicle (80,) ............ 53
Calcium (Ca).ooooeeeieneaaon. 80 | Chlorine (Cl) «ceoeennieimnnaaans 423
“fagnesium (Mg)................. 33
Fodium (Na)..-.ooooeeeeeeeenns . 307 1,252
Micarbonate radicle (HCO,).-..... 342

e Missouri Geol. Survey, vol. 3, 1892, p. 122,
b Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
{ *ates Geological Survey.
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A number of deep nonflowing wells in this district have been sunk in
the search for oil or gas. Among them may be mentioned the drill
well of the Nevada Gas, Oil and Asphalt Company, 9 miles south of
Nevada, at an elevation of 821 feet above tide. The writer is indebted
to Mr. George A. Pierson for the following record:

Log of drill well of Nevada Gas, Oil and Asphalt Company, 9 miles south of Nevada,
Vernon County.

Thickness.| Depth.
Des Moines (294 feet): . Feet. Feet.
Burface Clay . . ... . e 4 4
Sand rock.......... 50 54
Shale............... 30 84
Sand rock 50 134
Slate...... 6 140
oal. . ... 3 143
Shale rock 18 161
Flint; at 180 feet stro
10-inch casing. ...... 33 194
Sand rock; at 230 feet strong water rose within 85 feet of the top.... 100 294
Mississippian (413 feet):
LAMESTOMO - . . ottt e e eacaeareaaaaaeaaaaaan 53 347
Shale; 8-inch ecasing to this point. . e F . 60 407
Limestone......................... . FU . 100 507
‘Water limestone. - e e . 100 607
Sandy limestone........... e e e e e e 100 707
Devonian and Joachim limestone (200 feet):
Soft sandstone (probably limestone) . . ... .. ..ccoiiiiiemiiiiiiaiaiiainannnn 100 807
Fairly hard sandstone (probably limestone) . J . 100 907
St. Peter sandstone (100 feet):
Fine sandstone. . ... ... iaaaaaa . 100 1,007
Jefferson City limestone (175 feet):
Hard sand limestone; at 1,092 feet water thrown out of pipe 30 feet high.... 175 1,182
Roubidoux sandstone (60 feet):
Hard sandstone. . ...... ... . it aaaaaas 60 1,242
Gasconade limestone (207 feet):
Hard Bmestone. . . ... .o oot e 8 1,250
‘White sand..... J R 15 1,265
Limestone............... e . 20 1,285
‘White sandy limestone e e . 10 1,295
Limestone; water strong at 1,300 feet. . 30 1,325
‘White sandy, hard limestone. . 19 1,344
Hard white sandstone...... 12 1,
Dark-brown limestone (drille: 16 1,372
Sandstone, unacecounted for 75 1, 447

This record has been a very difficult one to summarize. Through
the courtesy of the company the writer was allowed to examine some
of the samples contained in glass tubes, and he feels little doubt that
some of the material described as sandstone in the log is limestone.
It is very common for drillers to use the term sandstone for a siliceous
limestone. The correlations, while somewhat doubtful, as stated, are
believed to be approximately correct and check fairly well with other
more reliable data.

This company has just started another well west of Nevada, in the
NE. % sec. 16, T. 35, R. 31. The altitude at the mouth of this well is
821 feet.

The water supply of Nevada is derived from 2 wells, 1,001 and 869
feet deep. The altitude of the water station, obtained barometrically,
is 900 feet. The water of the deeper well is strongly impregnated
with sulphureted hydrogen and deposits a white precipitate of
Begatoria alba around the outlet. The temperature was 67° F. when
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the air temperature was 69° F. The water stands 78 feet below the
surface and is pumped into a large reservoir, from which it is distrib-
uted to the city. The water station is about 80 feet above the park
where the flowing well previously described is located. The following
log of the deeper well is furpished by Mr. J. P. Stevenson:

Log of city waterworks well, Nevada, Vernon County.

Thickness.| Depth.
Des Moines (170 feet): Feet. Feet.
Drift 8 8
52 60
Sand shale...... 10 70
Trace of coal. ... 3 73
Sand Shale. .. ... e 48 121
49 170
Mississippian (448 feet):
ston: * 150 320
15 335
60 395
40 435
25 460
35 495
........... 123 618
Devonian and Joachim limestone (157 feet):
Gritty hastard limestone. . ... .. . .- 20 638
LAI0e TOCK . .« o oot e 22 660
Sandy bastard lime roCK. .. ... . i eiaeiaaaiaaans 35 695
Flint lime roeK. . ..o . oo o i 40 735
LAMme POCK . ... 40 775
St. Peter sandstone (43 feet):
White sand 10 785
i 45 830
23 853
15 868
Jefferson City limestone (133 feet):
LAIME TOCK . . ot e e e e e e e e e e e e e e 32 900
Salt lime rock...... 30 930
Sandy lime rock. ... 20 950
Blue lime rock...... 31 981
Unaccounted TOT. - .. ..ot e et 20 1,001

RICHARDS.

In the southwest corner of sec. 30, T. 36, R. 33, is a well owned by
E. S. Weyand; depth, 650 feet; altitude, barometrically, 765 feet;
flow, weak; casing, 6-inch; temperature of water, 62° F.; of air, 59°
F.; date of completion, 1889; driller, John A. Young; surface forma-
tion, Cherokee shales. Like many others, this well was sunk during
the oil excitement, and it was near enough to the Kansas oil fields to
show some evidence of gas, which would burn for a short time, but
which soon became exhausted. Now only a little gas comes up, in-
termittently, in small bubbles. There is a strong odor of sulphureted
hydrogen and a thin white film is deposited around the outlet of the
well. The owner informed the writer that before a rain storm the
water becomes slightly milky in the trough. Washing one’shands in
the water as it comes from the pipe also gives it a milky appearance—
a peculiar phenomenon which may, perhaps, be explained by the
breaking up of the gas bubbles. This water has a larger.amount of
sulphureted hydrogen than any other in the State, so far as known.
Itis stated that the water will rise in a pipe 15 feet above the surface.



124 UNDERGROUND WATERS OF MISSOURI.

SHELDON.

Six miles east of Sheldon, on the farm of L. C. Moore, in sec. 30, T.
34, R. 30, on the western slope of an anticlinal fold having a northeast-
southwest trend, a well 17 feet deep was bored through the Graydon
sandstone to the Mississippian. The water immediately rushed up,
and a pipe was inserted through which it was conveyed to a tank.
This is a very interesting example of the conditions favorable for arte-
sian pressure. The limestone rocks of the Mississippian outcrop in
strongly tilted ledges in the road not far away, running down the
westerly slope of the anticline. The sandstone on the summit of the
fold forms a catchment area through which the water penetrates to
the Mississippian limestone or water table. When the reservoir is
tapped low,down on the fold, the water rises to the surface. The
water of the Moore well is chalybeate and leaves a yellow deposit.

The anticline just referred to is one of a series of such folds that run
with a northeast-southwest trend over a considerable area, and in
many places the ridges ouiline these folds. East-west roads crossing
these ridges show in the gullies the outcrops of the tilted sandstones,
shales, and limestones on the slopes of the folds. The extension of
these folds to the north has affected the course of the rivers, especially
the Missouri.

In July, 1903, the Vernon Oil and Mining Company, of Sheldon,
began drilling a well for oil and gas 4% miles northeast of Sheldon, on
the farm of Dr. C. B. Brand. This well was sunk to a depth of 1,306
feet, when work was stopped in October of the same year. The cost
of drilling was about $2.25 per foot. The following is a log of this
well, with correlations that are believed to be approximately correct:

Log of the Vernon Oil and Mining Company's well in the SE. 3+ SW. % sec. 27, T. 34,
R. 30, Vernon County.

Thickness.| Depth.

Pleistocene (20 feet): Feet. Feet.
Soil 20
Des Moines (95 feet):

Sandstone saturated with asphalt.. 25 45
e 30 75
Dark shale. . 40 115
Burlington limestone (235 feet
Coarse-grained crystalline limestone, somechert. .. ... . .. ... .. ........ 210 326
Hard, compact ¢ &stalhne Hmestone. ... ... o iiiiiiiiiiiiiiiiiaaa 25 350
Chouteau limestone (60 feet)
Buff sandy limestone; water rose within 25 feet of surface....._............. 25 375
Buff sandy hmestone, some flint 10 385
Buff sandy Hmestone. . .. ... .. .o e 25 410
Hannibal sandstone and shale (75 feet):
Brown sandstone, some shale. . ... ... ... ... aiaeaaaaa.. 25 435
Bluish-white shale.................... 50
Devonian (45 feet):
Flint and compact limestone 45 530

8t. Peter sandstone (30 feet):
White sandstone; water came within 120 feet of IZOF ............ 10 540
Flint and limestone, with white rounded pebbles of sandstone 20 560
Jefferson City limestone (230 feet):

White sandy limestone; probably siliceous limestone........................ 230 790
Roubidoux sandstone (35 feet):
Irregular sand grains, iron stained........ e teartesnsenstrasansnaaaneranras 35 825

Gasconade limestone (481 feet):
Limestone, with occasional chert layers; at 1,250 feet some finely crysta,l»
Rline clli:lnesttone, with soft gra,y shale.......... tevsssssesssannans .
ecord lost......... Checesisencasasnan. S

25 1,250
8| 1,308
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STOTESBURY.

Just east of Stotesbury in the NE. 1 NE. 1 sec. 28, T. 37, R. 33,
on the south bank of Osage River, a well was put-down by the Mis-
.souri Oil and Development Company in August, 1901. It has flowed
feebly ever since, except in very dry weather. The following log is
given:

Log of well No. 1 of Missouri Oil and Development Company, near Stotesbury, Vernon

County.
Thickness.| Depth.
Pleistocene (9 feet): Feet. Feet.
1071 SO e e eeeee i iieeiaaaaaaan 9 @
Des vMoines (269 feet):
=L 5 703 4T OO 20 29
Coal.............. 32
**Soapstone’’ ... ... .......... . 13 45
**Soapstone’’ and blue shale. 20 65
**Soapstone’’ and black sand 22 87
‘*Soapstone’’ and blue shale 3 90
Black sand and blue shale. 30 120
Limestone.._.............. 5 125
‘*Soapstone’’ and blue shale. 12 137
L0 3 140
Oil, sand, and shale..................... .. 30 170
State and ¢ ‘soapstone’ ... ... .. ... . . e 35 205
Black and blue sandy shale and sandstono. .. ... ... . ... 20 225
“*Soapstone’ and shale............... .. ... ... 18 243
L nestone. . .o e e liiiiiiaiiiaiaen 2 245
Sandy shale................... e eiiiiiiiaas 15 260
Fire-grained micaceous sand. . .. 5 265
Gray and black shale, with sor 5 270
Micaceous carhonaceous shale. 5 275
Carbonaceous sar dy shale 3 278
Miassissippian—Burlington limestone (67 feet):
Cherty limestone 6 284
Same.........c..... 1 285
Gray cher! y limestone.......... 5 290
Shaly limestone, some soapstone. F . 5 295
Gray eherty limestone. .. ... . i iiiiiaiiiaiieiaaaas 50 345

Four miles west of Stotesbury, in a prospect hole for gas and oil,
water rose and gently flowed over the surface.

WALKER.

Four miles northwest of Walker, on the farm of E. T. Litton, a
well was sunk to a depth of 400 feet. The water obtained is strongly
impregnated with sulphur, and the well has a rather strong flow,
which has not materially decreased.

SOUTHWESTERN DISTRICT.
GENERAL ARTESIAN CONDITIONS,

The southwestern district includes an irregular area in the south-
western portion of the State, in Barry, Christian, Dent, Greene,
Howell, Jasper, Laclede, Lawrence, McDonald, Newton, Ozark,
Phelps, and Texas counties. The conditions in this district are in
general rather unfavorable for strong artesian pressure, although
there are several good wells. The country is much broken by folding,
faulting, and fissuring, especially in the lead and zinc region. Several
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wells are found along the slopes of the larger folds. The general dip
of the rocks is toward the west and southwest. TIn southern Christian
County the dip is to the southeast. As the richest zinc mines in the
world are located in this district a great many drill holes have been
made and careful records of many of them have been kept. Flowing
wells are found at or near the following places: Comet and Corry,
Lawrence County; Carl Junction, Jasper County; Neosho, Newton
County; Tiff City, Lanagan, Noel, and Wanda, McDonald County;
Ash Grove, Greene County; and in Christian County.

BARRY COUNTY.

EXETER.

Northwest of Exeter, Barry County, is a well owned by the St.
Louis and San Francisco Railroad, and drilled by E. F. Stanley. The
following log was received from Messrs. M. L. Fuller and S. Sanford:

Log of St. Lowis and San Francisco Ratlroad well near Exeter, Barry County.

| Thickness. | Depth.

Feet Feet.
Surface S0IL. ... ... i 65 65
Strata of lime and flint, alternating. . .. 230 205
Slate ... ... 23 318
Lime and flint. ... . e 507 825
Sand rock, hearing water of a sulphur nature, but good for any purpose 44 869

CHRISTIAN COUNTY.

In Christian County, 15 miles south and east of Ozark, is a well
owned by the New England Zinc Company. Depth, 225 feet; alti-
tude, barometrically, 990 feet; casing, 10-inch; temperature of water,
" 58° F.; of air, 86° F.; flows feebly over a pipe 2 feet high; surface for-
mation, near base of Jefferson City limestone. This well was sunk as
a prospect hole for zinc by the New England Zinc Company and is
located on the east side of the highway near Bull Creek. The water
has a slight odor of sulphur, and it has deposited an iron precipitate on
_the pipe, which is corroded at numerous points. The rocks dip
decidedly to the southwest for several miles. As far as the writer
could learn this is the only flowing well in southern Missouri on the
south side of the Ozarks. The water supply probably comes from
some sandstone-bed in the Gasconade formation. No log could be
obtained and no analysis of the water has ever been made.
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DENT COUNTY.
SALEM.

Four miles southwest of Salem, Dent County, in sec. 3, T. 33, R. 6,
is a well owned by Warren Bertrand and drilled by C. C. Gower. The
following log was received from Messrs. M. L. Fuller and S. Sanford:

Log of Bertrand well near Salem, Dent County.

Thickness. | Depth.

Feet. Feet.
Soft sand, red . ... .. i 30 80
Gray lime, soft ............ et eeeeeeeaeteeaeeaaaaen R 60 140
Blue lime, medium soft . 10 150
‘White flint, hard .. 2 152
Blue lime, soft. .. e mieeeeaaaaen 8 160

Seven miles south of Salem, in sec. 18, T. 33, R. 5,is a well owned by
George Bullock and drilled by C. C. Gower. The following log was
received from Messrs. M. L. Fuller and S. Sanford:

Log of Bullock well near Salem, Dent County.

Thickness. | Depth.

Feet. Feet.
SOft red Clay - ot iieieceieieeeeeaneeaas 20 20
Soft red sandstone e - 75 95
Hard white lime.. . 40 135
Hard gray flint............ 4 139
Rather soft white lime. . ... . il 18 157

West of Salem in sec. 13, T. 34, R. 6 is a well owned by W. L. Hogh
and drilled by C. C. Gower. The following log was received from
Messrs. M. L. Fuller and S. Sanford:

Log of Hogh well near Salem, Dent County.

Thickness. | Depth.
Feet. Feet.
5 L e 4 4
Soft yellow clay. 36 40
Blue flint, hard. 5 45
Gray flint, hard... 5 50
White flint, hard .. 5 55
Gray flint, hard. .. 5 60
White flint, hard .. 9 69
Gray flint, hard . ... ..o i 16 85
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West of Salem, in sec. 13, T. 34, R. 6, is a well owned by George
Stellman and drilled by C. C. Gower. The following log was received
from Messrs. M. L. Fuller and S. Sanford:

Log of Stellman well near Salem, Dent County.

Thickness. | Depth.
Feet. Feet.
Clay,red....cc.c..... 20 20
Flint rock, hard, blue 2 22
Clay, yellow......... 13 35
Flint rock, hard, white 1 36
Clay, yellow, soft. ... .. . i 4 40
Flint rock, hard, white. .. ... ... ... e 1 41
Clay, yellow, 80ft. .. .. ..o i eiiiiiaao.. 14 55
Flint roek, hard. . ... ..o e .- 2 57
Clay, Ted, 800t o .ot e e eeeanaaaeeieaaaeaaa 3 60

One mile east of Salem, in sec. 18, T. 34, R. 5, is a well owned by
J. A. Murray and drilled by C. C. Gower. The following log was
received from Messrs. M. L. Fuller and S. Sanford.

Log of Murray well near Salem, Dent County.

Thickness. | Depth.

Feet. Feet.
Yellow clay " 10
Yellow clay, witt. an occasional fiiat bowlder 45 35

GREENE COUNTY.
ASH GROVE.

About 1878 Judge Ralph Walker, then of Ash Grove, sunk a pros-
pect hole 226 feet deep on the south line of sec. 28, T. 30, R. 24, on
the Corum land and kept a very careful record of the strata passed
through. The following log was furnished by him. This well is a
particularly good one, and it is unfortunate that it was not sunk
deeper.

Log of Walker drilled well, Ash Grove, Greene County.

Thickness. | Depth.

Burlin§ton limestone (136 feet): . Feet. Feet.

5 | R 10 10
Coarse-grained gray limestone. . ... ... .. ....o..oiiciiiaaon 30 40
Buff-colored rock (Chouteau-like layer), chert, and calcite.. 4 44

Limestone and chert. .. ... ... .. . . . ... ...o.... o 12 56
Coarse brown limestone, known as **yellow rock”. _........ . 5

Fine-grained limestone with ferruginous clay and calcite. .. e 6 67
LAmestone . . ... e iiaiieieeeiiiaaaaas 11 78
Light-drab limestone, ferruginouschert. ... ... ... oo o oiiioiiiiiiaaan 4 82
Coarser-grained limestone, much chert and pyrite. .. ... ....c..ooiian 8

Mostly white chert, with some argillaceous matter......... 12 102
White chert, shaly, drab-colored magnesian limestone.... 24 126

Shaly, argillaceous, impalpable pow BT e e e aneeneetnnnm e 10 136
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Log of Walker drilled well, Ash Grove, Greene County—Continued.

Thickness.| Depth.

Chouteau limestone (43 feet): Feet. Feet.

Greenish-yellow, coarser magnesian limestone. ... ... . ....occooiiaiaenn. 4 140

Buff-colored argillaceous limestone, littlechert. . ... ... ................. 3 143

Drab argillaceous magnesian limestone. ... ..............ccoeiieeriiiaaonant 16 159

Dark-drab magnesian limestone. much white chert......................... 10 169

Shaly magnesian limestone, coarse grained, nochert........................ 5 174

Gray magnesian limestone, calcite crystals, much chert..................... 5 179
“Sac ' limestonea (14 feet):

Gray magnesian limestone, 10 chert. ... ... ... . ... ciiiiciiiiiiiaaiio. 11 190

Bluish-gray magnesian limestone, with bluish-drab shale.................. . 3 193
¢« Eureka” shaleb (23 feet): .

Blue slate with bituminous shale and e¢hert..............cooiiiiiiiiiiiaaa 23 216
¢ King " limestone b (6 feet):

Drab magnesian limestone, coarse grained, little shale, and ferruginous clay. 6 222
Joachim limestone (4+feet):

Drab magnesian limestone, marcasite crystals.. ... ........ooociiiiiiiiiaao. 2 224

Light-drab magnesian limestone, fine grained, no silica...................... 2 226

a Missouri Geol. Survey, vol. 12, 1898, p. 74.
»Tbid., . 67.

In 1891 the Pennsylvania Mining Company sunk a shaft near the rail-
road track, not far from the middle of section 28 and close to the city
of Ash Grove. The following section is taken from Winslow’s report
on lead and zine deposits,® the correlations for the summary being
made by the writer, who also visited the shaft during the process of
sinking. The Devonian was determined from the fnding of shark's
teeth, Ptyctodus calceolus.

Section of Pennsylvania Company’s shaft at Ash Grove, Greene Ccunty.

Thickness. | Depth.

Burlington (180 feet): Feet. Feet.
Surface débris. .. 1
Limestone, white, e, no chert; probably Burlington
Limestone, yellow{)with clay pockets and perhaps some chert; closetext ared;

an intercalated bed in the Burlington, frequently mistaken for Chouteau. . 40 80
Limestone, dark colored, coarsely granular. . 10 90
Limestone, light gray, finer textured....... .. 15 105
Limestone and chert in very thin layers, lime: 75 180

Chouteau limestone (40 feet):
Shale, drab, close textured, dense, slacks on eXpoOSUre. . ... .ooviiioiiaiaan 40 220
Devoman (25 feet):
Limestone, dark coloreq, coarsely granular, growing finer in texture and

more arenaceous toward base, contains some pyrite. ................... 4 224
Quartzite, calamine near top, somewhat dark colored 6 230
Sandstone or quartzite, white .. 8 238
Shale, dark, calcareous, passing upward into the sar ne. . . 3 241
Shale, almost black, arenaceous in lower half; much water

stratum.......... 4 245

Joachim limestone (25 fee
Magnesian limestone, light gray and porous; probably Silurian............. 5 250

In the spring of 1906 the Ash Grove White Lime Association
drilled a well just northeast of their lime kilns at Ash Grove. At a
depth of 260 feet a strong flow of pure water was struck, with a pres-
sure sufficient to carry it 30 feet above the surface. No record of
drillings could be obtained, but it is probable that the water came

a Missouri Geol. Survey, vol. 7, pt. 2, 1894, p. 628.
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from the St. Peter sandstone.
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The well started in the Burlington.

The following is the analysis of water from this well:

Analyses of water from well of Ash Grove Whte Lime Association, Ash Grove.

[Analyst, A. F. Shattuck, chief chemist, The Solvay Process Company, Detroit, Mich., December 5,
1905.]

SANITARY ANALYSIS.

MINERAL ANALYSIS.

Parts per million. Parts per million.
Total residue..............._ .. 181.8 Silica (8i0,) ..o ... ... ... 9.80
Loss on ignition . . ....__....__. 37.8 Oxide of iron and alumina
Oxygen consumed . . . . ........ .4 (FeOg+ALOG). ..o . .. Traces.
Albuminoid ammonia. . ....... .056 | Caleium (Ca)............... ... 39.16
Free ammonia. ... ... ......... .08 | Magnesium (Mg)............... 19.02
Nitrites. .. ... ... ceen... 0 | Sodium (Na).................. 2.87
Nitrates. ..cooveeoovnnnnaannn. .09 | Chlorine (C1)................. 4.44
Turbidity. none. Sulphate radicle (80,)......... 15.97
Sediment, none. Carbonate radicle (COg). .. .. .. 90.98
Color, none.
Odor, none

The miuneral constituents are probably combined as follows:

Hypothetical combinatron of minerals 1n water from well of Ash Grove White Lime Asso-
ciation, Ash Grove.

Silica (S10,) - - - - oottt e 9.80
Iron and alumina (Fe,O034+ALO;) - oo e Traces
Caleium carbonate (CaCOq) .. ... o oo e 94. 64
Calcium sulphate (CaSO0,) .. ... ... .o il e teeeeaaans 4.37
Magnesium carbonate (MgCO;,) . . . . .. L. . iiiiiiiaiiiaa. 55. 10
Magnesium sulphate (MgSO0,) . .. ... .. i 15. 98
Salt (sodivm chloride) (NaCl) . . .. . it ea e 7.31

The water is slightly alkaline, as the analysis shows.

The carbonic acid was estimated by calculation from the remainder
of the analysis, as the sample was not large enough to permit an accu-
rate defermination of it after the other determinations were com-
pleted. The carbonates are probably present as bicarbonates; that
is, they are held in solution by an excess of carbonic acid over the
amount necessary to form the normal carbonates.
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At Springfield, Greene County, there are three wells from which a
record of 1,000 feet has been partially obtained. The logs of the three

wells are as follows:

Log of Springfield Traction Company drill well, corner Phelps avenue and Main street

Springfield, Greene County.

Thickness.| Depth.
Burlington (250 feet): Feet. Feet.
Limestone, soft, Cherty.......oouiiin i it 50 50
Coarse-grained gray limestone, somechert..................... 70 120
Limestone, soft, cherty, gray, and white. ...................... 50 170
Limestone, dark yellowish drab, elayey........................ 20 190
Chert, drab and white, compaect and eoarse (Chouteau?)...... 20 210
Limestone, gray and dark brown, littlechert....... ... ... . ... ... .. ... 40 250
Hannibal (30 feet):
Shale, dark drab; plasticclay ... .. ... i 30 280
Louisiana (20 feet):
Lhnestone, very compact, dense, dark gray, small quantity white knife-
Dlade Chert . . .o o e 20 300
Devonian (40 feet):
Sandstone, well cemented, fine grained, white..... e meaaiaeeaaaaas 10 310
Limestone, compact, white or light gray, some gray chert and iron stains .. 10 320
Limestone, compact, bluish gray, some iron stains; probably same as last;
free from chert i .. 10 330
Same as last, but with peculiar brow e, apparently mo:
nesian 10 340
Joachim limestone (60 feet):
Limestone, rather soft, white, earthy, free from chert, some iron stains. ... 10 350
Limestone, cherty, yellowish, with light-gray sandstone and caleareous
cement; iron stains NUIMerOUS. . ... ... ... ittt i aaiiaiiiaaaaans 10 360
Limestone, compact, light gray, few rounded quartz grains................. 10 370
Limestone, dark gray, dense, with a siliceous appearance, inclosing a few
rounded grains of quartz; ironstain.... ... .. .. ... il 10 380
MESSIIE . - .« oeensesssesems e me e en e e senean e e e m e ae e an e 20 400
St. Peter sandstone? (35 feet):
Sandstone, light color to grayish yellow, fine grained, with calcareous
cement; ITOR StAINS. . ... .. it iiieiaeiaiaiaeaa. 20 420
Limestone, light gray, siliceous..._....._. . 10 430
Sandstone, fine grained, light colored 5 435
No record is available from 435 to 617 feet, where the following log
begins:

Log of gas company well, Springfield, Greene County.@

[Record first preserved at 617 feet.]

Thickness.| Depth.
Feet.

Limestone, light gray, with little whiteehert............ ... ....oiaoiiioL. 617
Limestone, fine grained, brownish gray, crystalline, a little white chert.. . 620
Limestone, compact, gray; bluish-white chert; iron stains 630
Limestone, compact, earthy, neariy white, free from chert; little iron stain..... 10 640
Limestone, dark, grayish, crystalline, with whiteehert... ... ... .............. 10 650
Limestone, hard, white, earthy to brownish gray, erystalline; little iron stain.. 10 660
Similar, with white conchoidal chert, some vein quarfz, and a small quantity of

Ppink Hmestone. .. ... ..o e iiaeiiieeeiiaaie.as 12 672
Lirgegone, dark gray, compact, containing rounded grains of quartz and a little s 650

chert........ D
Limestone, gray, erystalline, with numerous rounded quartz grains and some

L2 15 o v 10 690
Sandstone, yellowish gray, with some ealeareous matter and iron oxide........ 5 635
Limestone, finely crystalline, gray, chert partly colitie, and quartz grains. ..... L 2; gg?

Record MUSSINE. . .ottt ettt cm e

a Jefferson City limestone, Roubidoux sandstone, and Gasconade limestone constitute this log, but

they can not be correlated.
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Log of Anheuser-Busch cold-storage well, Springfield, Greene County.

[Record first preserved at 830 feet.]

Thickness. | Depth.
Feet. Feet.

Limestone, light %ray, siliceous, with small proportion of iron oxide; mainly

chert, part of which is oolitic.. ... ... .. ... . .. . . i 830
Limestone, light gray, less siliceous than above, and slightly dolomitic, with iron

oxide and galena; cherty portion partly oolitic. .. . 5 835
Dolomite, gray, siliceous............... 15 850
Limestone, dolomitic, with iron oxide 10 860
Limestone, light gray to nearly white ed; n 5 865
Dolomite, fine gra.ned, gray, siliceous, with a little iron oxide. R 5 870
Chert, nearly pure white to light gray, with some iron-oxide stains............. 13 883
Limestone, light colored, finely granular, free from chert; some iron oxide...... 12 895
Dolomite, dark-gray, rather finely crystalline, w.th a compact white chert resem-

hling Burlington chert; iron-oxide stains....................oc..o..ll 15 910
Limestone, light colored, with chert and iron stains....._.__...... _............ 10 920
Limestone, light colored, nearly white and comparatively pure; iron stains.... 10 930
Limestone, fine grained, crystalline, gray, white calcite crystals, and pink dolo-

mite; iron Stalls. . ... ... . iieiiaeeeeaan 5 935
Limestone, compact to crystalline, with chert and someironstains............_.. 65 1,000

The well of the Springfield Traction Company was put down in the
summer of 1902 in order to supply water for the boilers of the power
house. The drillings were carefully watched by the writer. A good
flow ‘was obtained from the St. Peter sandstone, but the water was
apparently impregnated with other water and very hard in conse-
quence. The 35 feet of sandstone at 400 feet is, without doubt, the
St. Peter sandstone, and is made up of rounded, waterwarn quartz
grains, slightly iron-stained, and loosely coherent. It is greatly to be
regretted that complete records of the gas company and cold-storage
wells are not, obtainable.

About 1870 the St. Louis and San Francisco Railroad sunk a deep
well for water at the car shops, north of Commercial street and Wash-
ington avenue, in what was then North Springfield. The drill record
was not made public for many years. It is probable that the “sand-
stone” encountered from 610 to 645 feet in this well was a siliceous
limestone. The writer had no opportunity to see the drillings, which
were not preserved, but so many instances have occurred in which a
limestone of this character has been mistaken for sandstone by the
driller that this inference seems justifiable.

The water obtained from this well was clear and fine, though hard,
and the temperature at the bottom of the well was 60° F. The well is
situated on the crest of the great divide or watershed of the Ozarks,
water to the north flowing into Sac, Osage, and Missouri rivers, and to
the south into Wilson Creek, James, White, and Mississippi rivers.
For this reason the water level is deep, being 225 feet. Considerable
water was encountered at a depth of 325 feet, evidently from the
“Phelps ”’ sandstone. At 406 feet, in the St. Peter sandstone, the
water was tested by pumping 500 gallons per hour, which lowered it
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50 feet. More water was struck at 540 feet. At 610 feet, in the Rou-
bidoux standstone, 750 gallons per hour were pumped without lower-
ing the level.

The following is the log of this well:

Log of well at car shops, Springfield, Greene County.

Thickness. | Depth.

Burlington (250 feet): Ft. in. | Ft. in

Soil and limestomne. . ... ... .. .0 B .0

Gray limestone.................. 118 .0 | 153 0

Flint and limestone 62 .0 |215 .0

LAmestOme . . o i 3B .0 | 250 0
Chouteau limestone (47 feet):

Soft slate or soapstone. .. .. ... ciieiia i 30 .0 |28 .0

Gray limestone 17 .0 | 297 0
Devonian (*“ Phelps ”’ sandstonea) (4 feet):

Sand rock............ T 4 .0 |301 .0
Devonian (*‘ Sac’ limestone a) (29 feet):

Gray Imestone . . ... . . 17 .0 318 .0

Flint, limestone with Pyrites. ... ... ... i e aaieee e 12 .0 {330 .0
Devonian (** King " limestone a) (6 feet):

Light-gray limestone. .. ... . i eiiiaaeas 6 .0 | 33 0
Joachun l.-mestone (54 feet):

Flint and limestone. .. ..o ... o i 4 .0 | 340 .0

Gray limestone.......... .. __........ 7 .0 | 347 .0

‘White gritty limestone.................. 25 .0 (372 .0

Fine limestone........................ 3 .0 [375 .0

Coarse lmestone. - ... ... ... e 15 .0 |30 .0
St. Peter sandstone? (16 feet):

Porous sandstone. . ... ... it 8 .0 138 .0

Limestone and some sand. ... .. ... ... iiiiiiiiiiiiiiieaaaan 8 .0 (406 .0
Jefferson City limestone (126 feet):

Bluish-brown limestone. ... ... ... it 29 .0 |43 .0

Fine flinty limestone | 7 .0 |512 .0

Finesand....... .. ... ... ...l o1 .0 |52 .0

Fine gray limestone. . ... . ... ... i 10 .0 |532 .0
Roubidoux sandstone (55 feet):

Very fine sand rocK. . ... 55 .0 | 587 .0
Gasconade formation (138 feet):

Brown lumestone. . ... e 5 .0 [592 .0

Flinty sliceous rock. ... ... . 8 .0 |600 .0

Very fine whitesand roek. ... ... .. ... ... ... ......... ...{ 10 .0 {610 .0

Finer sand. .. ... ..o .| 10 .0 |62 .0

Sand . Lo 25 .0 | 645 .0

Brownish-gray ltmestone and flint ... 33 .0 |678 .0

Reddish-brown limestone. . ... ... ..o ioiiiiiiiiiiiiii i .12 .0 {690 .0

Gray limestone and white flint . ... ... .. ... ... .. . 8 .0 [698 .0

Fine white sand, sharp grit. . .. ... . o i 22 .10 720 10

a Missouri Geol. Survey, vol. 12, 1898, p. 67.

About 1888 the Frick Ice Company sunk several wells near Phelps .
avenue and Summit street. The water obtained was hard. The fol-
lowing is the log of one of the wells:

Log of well of old Frick ice factory, Springfield, Grreene Counly.

Thickness.| Depth.
Feet. Feet.
Coarse-grained gray limestone. ... ... ... . it 100 100
White flint and gray Limestone. - ... ... ..., . 40 140
Fine-grained hmestone. ... ... ... . ittt .. 40 180
Light gray argillaceous limestone. .. ... ... oi. . iiiiiiiiiiiiiiiiiaa.s 144 324
Light-gray fine limestone. ... .. . ... ... e e e eaaaaaaaan 16 340
Hard, fine-grained, shaly bufflimestone... ... ... ... ... ... ... : 5 345
Fine-grained argillaceous limestone. . ... ... . iiimiiioi it 27 372
Light-gray Hmestone . . . .. ..o io i ittt 34 406
Fine white magnesian limestone. ... ... .. . ... ...l 50 456
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HOWELL COUNTY.
WEST PLAINS.
Three miles southwest of West Plains, Howell County, in sec. 35,

T. 24, R. 8, is a well owned by the Frisco Ore Mining Company. The
following log was received from Messrs. M. L. Fuller and S. Sanford:

Log of well at West Plains, Howell County.

Thickness.| Depth.

Feet. Feel.
Red or yellow clay and chert, commonly known as Boonechert..........._._... 60 60
Dolomite of irregular strata, carrying some iron ore all through from top to

L5071 ¢ -+ U D 340 100

JASPER COUNTY. "

CARL JUNCTION.

Three miles north of Carl Junction, near the Kansas City Southern
Railway, in sec. 19, T. 29, R. 33, is a well on land owned by R. H.
Crain, of Carthage. Three holes were drilled; the first two stopped
flowing when the third was put down. These wells were sunk in 1900
to a depth of about 200 feet each. They are cased with 53-inch casing
to bottom. They passed through alternating beds of limestone and
flint all the way down. No log was kept, but the drilling was all the
way in Burlington limestone.

The third well has flowed continuously since it was first put down,
the water rising 3 feet above the ground and {lowing over the pipe.
The water is clear, cold, and hard. The drilling was done by Mr.
Kilgore, of Webb City.

CARTERVILLE.

Mr. W. C. Glenn, superintendent of the American Lead and Zinc
Smelting Company, furnishes the following data in regard to a well,
799 feet deep, sunk on the company’s land, at Carterville, Jasper
County, in 1891. The principal vein of water was found at 700 feet,
in sandy rock, and the water rises within 115 feet of the surface. It
is used for boiler and drinking purposes. The drilling cost $1.10 per
foot. No log was kept, but the following analysis of the water was
obtained:

Analysts of water from deep well of the American Lead and Zinc Smelting Company,
Carterville, Jasper County.o

Parts per million. Parts per million.
Silica (810,) . - - coeeiiiii 11 Bicarbonate radicle (HCO,)...... 254
Tron (Fe). ...l .08 | Sulphate radicle (80,). ... .. ... 1.2
Aluminum (Al................. .11 | Chlorine (Cl). ..... .. ......... 5
Calcium (Ca) ... ... ... 53
Magnesium (Mg)................. 7.3 . . 355. €9
Sodium (Na) - - voeoreeee 24 Total residue on evaporation.... 263.5

a Expressed by analyst in grains per gallon; recomputed to ionic form and parts per million at United
States Geological Survey.
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- CARTHAGE.

One of the deepest and most important wells in the southern half of
the State is that at the Harrington dairy, near Carthage, at an eleva-
tion of 955 feet. This well is owned by Charles O. Harrington, pro-
prietor of the Harrington Hotel. It was drilled, in 1890, to a depth of
2,005 feet, with an 8-inch bore. So far as known this is one of the
four wells in the State, outside of the granite area, that reaches the
crystalline rocks. Water is obtained by pumping, and is used for
domestic purposes and for the dairy. It is slightly hard, clear, pure,
and cold. The cost of this well was $4,000, and $1,000 more was
expended for pump and tanks.

Log of Harrington deep well, near Carthage, Jasper County.

Thickness.| Depth.

Burlington limestone (355 feet): Feet. Feet.
Soil and clay with chert fragments y 15 15
Chert, buff and bluish white, somewhat coarse grained.......... 15 30
Limestone, gray and white, with layers of chert and with 10 to

DE4 BTy 012 P 135 165
Chert, compact, white and buff colored, little limestone in lower half 80 245
Chert and limestone, white and drab, two-thirds chert 110 355

Chouteau (15 feet):

Limestone, shaly, with some chert. . ... .. .. ... . . ... 15 370

Hannibal (15 feet):

Shale, light drab and yellow....: et ettt .- 15 385

Devonian (65 feet):

Limestone, grayish-brown, siliceous, cherty and sandy (rounded grains of
white QUATTZ) .. ... e 65

Joachim limestone (50 feet) :
Dark-gray silico-magnesian limestone, with little chert (5 percent)......... 50

St. Peter sandstone (85 feet):
White sandstone, small rounded grains of quartz....................... ... 60 560
Sandstone, some chert and siliceous gray limestone.......................... 25

“ Potosi’ and Saratogan (910 feet): .
Dark-gray magnesian limestone, cherty..... ...l 15 600

Gray limestone with chert containing small sand grains....... 165 765
Fine-grained crystalline white limestone........................... 55 820
Same, with a little chert and considerable brownish-yellow material. 100 920
Similar, hut with more chert and limestone and less brown material 80 1,000
Magnesian limestone............................. 675 1,675
Magnesian limestone, slate-colored, clayey....... 75 1,750
Archean (255 feet):
Fine dark-reddish porphyry grains with quartz sand......_... e 200 1,950
Same, darker and coarser, with light-colored dolomitic limestone and sand . 55 2,005

CHITWOOD.

Mr. H. O. Ballard furnished the accompanying log of a deep well
on the United Zinc Company’s land at Chitwood, near Joplin, in sec.
32, T. 28, R. 33, on lot 48. This well has a 6-inch bore and was
drilled to a depth of 800 feet. Water rises within 100 feet of the
surface, and pumping does not materially affect its level. The water
is used for boiler and drinking purposes. The cost of drilling was
$800.

18R 195—07——10



136 UNDERGROUND WATERS OF MISSOURI.

Log of deep well of United Zine Company, Chitwood, Jasper County.

Thickness. | Depth.
Feet. Feet.

AT ADATL. « - e o et et e aaaaaan 18 18
Blue Chert. - e a7 45
Limestoneand chert........ ... ... ... ...... e 35 80
Limestone. ... .o et 95 175
Whitechert. . ... ... ...l e 25 200
Blue chert and Limestone ... ... i 40 240
14750 10 250
Blue chert and lmestone. . ... ... it 16 266
1547 6 72
L 1 73 345
LIeStOne . « . . e 5 350
Green selvage. . ... _............... ORI 15 366
Limestone and ehert .. .. ... .. i 10 375
Bluechert. .. . ... ...l e 3 378
LAmestone. .. .o 22 400

2 V=3 o G 408
LAMOSEOMIO . . . o e e 123 531
Limestone and chert. . ... ... ... ... il e 4 5356
L2 1 LY 7 605
LAmMestone. . ... eemateaai e 4 609
Limestone and chert. .. ... ... e 31 640
Timestone. ... ... ... il S i 5 645
Limestone and ehert. . ... ... . il 60 705
LAMESEOTIO . .. oottt e et 95 800

DUENWEG.

Two miles northwest of Duenweg, Jasper County, is a well owned
by S. D. Mitchell and drilled by S. N. Smith. The following log was
received from Messrs. M. L. Fuller and S. Sanford:

Log of Mitchell well near Duenweg, Jasper County.

Thickness. | Depth.
Feet. Feet.
L= 1 1] 41 AR 13 13
Lime and ehert. ..o i 32 45
Chert. jack shines. . M 5 50
Chert and HINe. . . ..ottt e e 140 190
Chert, jack Shines. . . i 10 200
Chert and LINe. .. ... ottt D _ 150 350
Coarse gray lIme. .. ... e 150 500
Lime, black. . ..o e 155 655

JOPLIN.

The Missouri Lead and Zinc Company drilled a well in Joplin near
the center of the NE. £ SW. £, sec. 11, T. 27, R. 33, at an elevation
of about 1,018 feet above sea level. This well was drilled by Bailey
& Waugh, and the following data were furnished by Mr. H. R. Conklin:

Log of well cf Missourt Lead and Zinc Company, Jopiin, Jasper County.

Thickness. | Depth.
. Feet. Feet.

Clay and flint how’ lers 12 12

ime. 173 185
Flint. 103 288
Lime..... 177 465
Lime and 5 470
Lime................ 20 490
Lime, flint, and sands R 327 817
Flint, with very few jack shines 3 820
Siliceous limestone. . . . 140 960
‘White sandstone. 10 970
Siliceous l:meston 417 1,387
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At 940 feet drilling was suspended and a pump piaced in well 151
feet below the surface. The water level was 107.5 feet below the sur-
face; capacity, 39 gallons per minute, and 35.3 gallons per minute
after pumping twenty-three hours.

When the drill reached a depth of 1,387 feet the pump was again
stdrted. The water then rose within 110 feet of the surface; the
capacity was 961 gallons per minute after pumping one-half hour,
68 gallons per minute after pumping nine hours, and 68 gallons per
minute after pumping twenty-three hours. In both tests the pump
discharged all water furnished by the well due to the head pumped
off, the pump being kept on air during the test. In November, 1903,
the pump was lengthened to 211 feet. The water stood at a depth
of 110 feet; the pump ran to a capacity of 125 gallons per minute
without any indication of going on air.

The hole was drilled 13 inches in diameter to 400 feet, and cased to
that depth with 10%-inch (inside) casing. From 400 to 1,105 feet the
hole was drilled 8% inches, and from 1,105 feet to 1,387 feet 64 inches
in diameter, All ground below the first 12 feet was hard enough to
stand without caving.

The following are some analyses of the water from this well:

Analyses of water from well of Missourt Lead and Zinc Company, Joplin, Jasper County.®
ANALYSES AT TIME OF DRILLING.

[Analyst, Cleveland & Millar Analytical Laboratory.]

FirsT PUMPING, 940 FEET. SECOND PumPiNg, 1,387 FEET.
Parts per million. Parts per million.
Silica (8i0g).cceveeeee i on.. 14 Silica (Si0,) .o cooioii i 10
Iron (Fe) ..o oo oo ... .83 | TIron (Fe).. ... ... G .90
Calcium (Ca).. ..o ... 44 Alumina (AD.......o.....o..... .48
Magnesium (Mg). ... ............ 22 Caleium (Ca)..covoeoiieaaa 37
Sodium (Na).................... 23 Magnesium (Mg)..._.._.......... 17
Bicarbonate radicle (HCO,)...... 272 Sodium (Na)....o.oooeeee o, 23
Sulphate radicle (SO,)........... 13 Bicarbonate radicle (HCO,). ... .. 224
Chlorine ¢Cly....... .. ... ... 10 Sulphate radicle (80,)........... 14
Chlorine (C1).....ooooooiiiinL. 12
398. 83
Residue on evaporation.......... 263 338.38

ANALYSIS OF WATER TAKEN DECEMBER 7, 1903, FROM A TAP AT POWER HOUSE.
[Analyst, C. V. Miller.]

Parts per milifon. Parts per million.
Silica (SlO2 Y 12 Bicarbonate radicle (HCO,)...... 168
Tron (Fef.oo ooioeei . 1.7 | Sulphate radicte (SO,)............ 16
Calcium (Ca)..............ooo... 34 Chlorine (Cl).......oo..oiio. 7
Magnesium (Mg)................ 14
Sodium (Na).....cuoeeeeo 7.7 260. 4

a Expressed by analysts in grains per gallon and hypothetical combinations; recomputed to ionic
form and parts per million at United States Geological Survey.
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ANALYSIS OF WATER TAKEN MAY, 1904.

[Analyst, J. H. Parsons Chemical Company.]

Parts per million. Parts per million.
Silica (8i0,). . ceoieeii it 9.9 | Chlorine (Cl)....coo o oot 8.8
Caleium (Ca).ooeeeeeeeine ... 41 :
Magnesium (Mg)._............... 18 175.7
Carbonate radicle (COy)........... 98

The well pump is a Cornish-style lift pump, with barrel 7% inches in
diameter, stroke 5°feet, operated by electric motor. Distribution
system, 4-inch cast-iron pipe mains. Emergency steam pump, 14
by 8% by 10 inches, duplex, supplied by reservoir of 1,000,000 gallons
capacity, always ready for operation. Usual pressure, 40 to 80
pounds; fire pressure to be 100 pounds. In ordinary operation the
well pump delivers water direct to the mains and the pressure is
equalized by a pressure tank 36 by 7 feet in diameter, containing an
air cuslvon.

The Freeman well, near Fourteenth and Joplin streets, Joplin, was
drilled in 1901, to a depth of 908 feet, 400 feet being cased with
63-inch casing and the remaining 508 feet with 53-inch casing. Strong
flows were obtained at depths of 815, 860, 875, and 900 feet. The
water, which rises within 120 feet of the surface, is soft and contains
a little sulphur. It is used for the boilers of the Freeman Foundry.
The cost of the well was $2,000.

A strong odor of gas was noticed with the first flow of water, at 815
feet, and continued. When this depth was reached, seepage water
rose in the case to 80 feet below the surface, but was easily bailed out.
When the 815-foot flow was struck, the surface of the water in the
well dropped to a depth of 1193 feet, where it has remained ever since.
Neither compressed air nor bailing lowers this level, and the removal
of 300,000 gallons in twenty-four hours has had no effect. The well
is now pumped at the rate of 20,000 gallons in twenty-four hours.
The temperature of the water is 65° F.

The following is an analysis of water taken from the 815-foot level:

Analysis of water from Freeman Foundry deep well, Joplin, Jasper County.a
[Analysts, Cleveland & Millar.]

Parts per million. Parts per million.
Silica (8105) - ceeemciinaaaanen 7.2 | Potassium (K).................. Trace.
Iron and alumina oxides Bicarbonate radicle (HCOy,) ..... 254
(Fe,0,+ALO,) oo aies .4 | Sulphate radicle (SO,).......... 35
Caleium (Ca)..coeeeinnanaaans 53 Chlorine (Cl) . ....ocoiioiaiia 7.0
Magnesium Mg)................ 16
Sodium (Na). . ................. 26 398. 6

e Expressed by analyst in grains per gallon; recomputed to jonic form and parté per million at United
States Geological Survey.
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The following 1s a more recent analysis of the same water, October,
1904:

Analysis of water from Freeman Foundry deep well, Joplin, Jasper County.o

[Analyst, Harrison Hale.]

Parts per million. ‘ Parts per million.
Silica (SiOy) ..ol 35 Carbonate radicle (CO,).......... 79
Tron and alumina oxides Sulphate radicle (80, . ......... 19
(A1,0g+Fe,05) ool 9.7 | Chlorine (C) ...... ... ......... 5
“Caleium (Ca). ..o oiioao... 52 Organic.........oooooiiii... 2.5
Magnesium (Mg)................ 5
Sodium (Na). .................. 3.5 N 210.7

Three and one-half miles southeast of Joplin, in sec. 7, T. 27, R. 32,
is a well owned by the Rex Mining and Smelting Company and drilled
by W. R. Burchell. The following log was received from Messrs.
M. L. Fuller and S. Sanford:

Log of welt of Rex Mining and Smelting Company near Joplin, Jasper County.c

Thickness.| Depth.

Feet, Feet,
Blue and white chert. . 230 - 230
Dark shale
Gray and white lime. .

235

5
4724 7073

Water was struck at about 60 feet.

One-fourth mile south of Joplin is a well owned by Tim McCarty
and drilled by H. W. Atherton. The following log was received from
Messrs. M. L. Fuller and S. Sanford:

Log of McCarty well near Joplin, Jasper Gounty.

Thickness. | Depth.

Feet, Feet.
Redclay and ehert ... ... o i e ieeiieee e 20 20
Dark lime and blue cherb. ... ... .. L. iiiiiiiiiiiiiiiaiiaes 35 55
Pluechert...._._._.._... .. 5 60
hame and white chert . ... o i 40 100
Lime and chert; hard Hmy water,. ... ... . . i 200 300

WEBB CITY.

At Webb City, Jasper County, the Missouri Zine Fields Company
sunk a well to the depth of 854 feet. The drilling was done by Cross-
man Brothers and was completed November 15, 1902. The altitude
of the well is 940 feet. Strong flows of water were found at 795 and
845 feet, in limestone openings. Water rises within 100 feet of the
surface. The cost of the well, piping, tanks, pumps, etec., was $2,150.
The water is used for boiler and domestiec purposes.

a Repressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionic
form and parts per million at United States Geological Survey.
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The accompanying analysis of water from this well was made by
Waring & Son, Webb City:

Analysis of water from well of Missoury Zine Fields Company, Webb City, Jasper County.s

Parts per million. Parts per million.
Silica (SiOg) . . . oo 13 Sulphate radicle (SO,) . .......... 4.8
Caleium (Ca). ... ... ..._..... 52 Chlorine (CH)......._.. ... ... 5.9
Magnesium (Mg)................. 18 Undetermined . .. ._....._....... 7.7
Sodium (Na). ................... 3.9
Carbonate radicle (COy)........... 120 225.3

The following is the log of this well:

Log of well of Missourt Zine Fields Company, Webb City, Jasper County.

Thickness. | Depth,
Feet. Feet.
Soapstone and slate sand bowlders......_ ... ... ... iliiiiiiiiaaa... 67 67
Limestone, shine of lead - - .. .. ... ... ... 9 76
Blue and white flint. _..... e meeaaaean e 1 77
Limestone and blue flint. . .. . 45 122
Blue and white flint 24 146
Blue and white flint, zinc sh 14 160
Limestone bowlders. 4 164
Blue and white flint, sand and sp. . 41 205
Limestone and blue and white flint, e eeaeaeaaa. 80 285
Slate and shale. . ... ... 1 286
Limestone and blue flint. . .. e e 60 346
Limestone.........._..__.._. N e eieeeaaas 55 401
White sandy limestone._.... e e ieiaaaaas 20 421
“Tift’” and spar............. SO 1 422
Gray limestone...... s e 68 490
Limestone and flint. ... ...___. .. ... ........... 12 502
Limestone and flint, dark; zinc shines. . 5 507
Limestone and white flint........_....... 98 605
Brown limestone and white and b i 139 794
Opening.........ocovoeveean.. . 1 795
Sandy limestone..... ................... .. e 40 835
Blue and white limestone and “‘*tiff””. ... ........._. . 9 844
[0 5753 4 TR 1 845
LAMeSTONE ... . .ottt ittt iaeaaaaaanas 9 854

In a shaft, a short distance away, a stream yielding 1,000 gallons of
water per minute was encountered. This water is highly charged
with iron sulphate, which soon clogs the 6-inch pipe and which forms
a cement binding the pebbles, etc., into a conglomerate where it flows
out on the ground. The temperature is 64° F.

The Southwest Missouri Electric Railroad Company sunk a well
to the depth of 826 feet, with an 8-inch bore, near its power plant at
Webb City. The depth of the principal source of water is 815 feet
and another vein was found at 250 feet. The water rises within 75
feet of the surface and has a temperature of 50° F. The well cost
$2,000 for drilling, and an additional $500 for pumping machinery.
The following analysis of the water is given, the analyst and date
being unknown:

a Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionie
form and parts per million at United States Geological Survey.
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Analysis of water from well of Southwest Missouri Eleciric Railrood Company, Webb
City, Jasper County.a

Parts per million. ‘ Parts per million.

Silica (S10p).eeeeiiaeaa 3.7 | Sodium and potassium sulphates
Iron and aluminum oxides (Fe,0, (Na,SO,+EKCO) oot 24

+ALOgeeeeeeaceei oo e oo 5.0 | Sodium and potassium chlorides
Calcium (Ca)..........o......... 28 (NaCl+KCl). ..o ... 5.7
Magnesium (Mg)................. 14
Carbonate radicle (COg) . ......... 76 160.2
Sodium and potassium carbonates

(Na,COu+E,COg) ool 3.8

In 1899 the Center Creek Mining Company engaged H. B. Cross-
man, of Jophlin, to sink a deep well in sec. 18, T. 29, R. 32. This well
was drilled to a depth of 827 feet 6 inches and was cased with 8-inch
casing for 315 feet. The principal source of water was found at 800
feet, in a sandy formation. Another vein was found at 500 feet.
The level of the water in the well is 75 feet below the surface. The
water is used for boiler and drinking purposes. The cost of drilling,
with casing, was $2,300, with an additional $2,000 for pumping
machinery.

Mr. W,. C. Stewart, to whom the writer is indebted for this infor-
mation, was secretary of the company, and states that the object of
drilling was to get purer water for boilers and mines, and it was found
to be so much better for drinking than the city water that four teams
are engaged in hauling and seiling it to various consumers. The
accompanying analysis, furnished by Mr. Stewart, was made in De-
cember, 1899, by George Waring:

Partial analysis of water from deep well of Center Creek Mining Company, Webb City,
Jasper County.a

Parts per million. Parts per million.
Caleium (Ca) . ..oooooon o 63 Chlorine (C1).. ... ... 3.4
Sodium (Na)y.. ..o 2.2 -
Carbonate radicle (CO,) ... ... 86 169.6
Sulphate radicle (SO, .. ... ...... 15

LACLEDE COUNTY.

LEBANON.

At Lebanon, Laclede County, in 1887, a well was sunk to a depth of
985 feet. The elevation of Lebanon is 1,265 feet. The first water
was found at a depth of 135 feet in a bed of gravel overlain by clay.

a Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to jonic .
form and parts per million at United States Geological Survey.
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The force of the stream washed in the waterworn gravel and under-
mined the clay, thereby necessitating casing. At a depth of 427 feet
the Roubidoux sandstone was reached and considerable water came
in. The “Third” sandstone, or quartzite, was struck at the bottom
of the well. From 500 to 600 feet the underground flow was so strong
that drillings were obtained with great difficulty. From 680 to 960
feet drillings could be obtained only at a few points between openings.
These cavernous openings are remarkable and indicate a strong*under-
ground current from the north. For further discussion of this subject
the reader is referred to the writer’s paper on the spring system of the
Decaturville dome.* The first cavernous opening of 12 inches
occurred at 615 feet; another at 633 feet; anotherof about 3 feet at 761
feet; another of 3 feet at 830 feet; one of 1 foot at 850 feet, and one of
1% feet at 880 feet.

The water at present rises within 360 feet of the surface. It is very
pure and is used for drinking, carbonating, and shipping, and also for
boiler purposes. The well has a 6-inch bore and is cased to 135 feet.
It is mainly used as a source of supply for the city of Lebanon. An
analysis of the water is given on page 206. The following is the log of
the well:

Log of city well at Lebanon, Laclede County.

Thickness.| Depth.
I -
St. Peter sandstone (10 feet): Feet. Feet.
101 S 5 5
SaNASEONe. . ... i 5 10
Jefferson City limestone (417 feet):
Bastard limestone with seams of clay and flint 155 165°
Yellow cherty limestone. ... . 50 215
Bluish limestone._...... 40 255
White flint......... 5 260
Brown limestone, . 5 265
White flint.............o.oo.o...l. 5 270
Yellowish-brown limestone. . et 20 290
‘White chert....................... 20 310
Brown silie~ous limestone . et 50 360
Yellow **cotton rock . e . cae . 15 375
Grayish-white Hmestone. . . ..........oo o uee ittt e e e eeeeeieeaeeans 52 427
Roubidoux sandstone (32 feet):
Quartzite (took twenty—four hours to cut) 2 429
Sandstone...... 30 459
Gasconade limeston
‘*Cotton rock”’ N 11 470
Coarse bluish limestone - . 15 485
Fine-grained brownish-yellow limestone. ...... . . 50 535
Whiteflint............C.. .. ................... FU e . 15 550
Compact yellowish limestone..... e e R 20 570
Coarse limestone.................. F e . 10 580
““Cottonrock”....... e eaeeeaeeana . 10 590
Clouded marble . A F . 20 610
Red ferruginous limestone e e .. 10 620
Opening .. N 2 622
QGray and pink ferrugi 50 672
Pink limestone........ 43 715
Coarse bluish limestons 25 740
Coarse light ferrugmous 10 750
‘“Cotton rock” R 5 755
Pinkish limesione.. . .. . 6 761
Opening...,........... .. . 3 764
Coarse dark limestone. . -- R 35 799
Compaect Hmestone. ... .. ... ... i iiiraa———— . 46 ° 845

a2 Water-Sup. and Irr. Paper No. 110, U. 8. Geol. Survey, 1905, pp. 113-125,
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\

Log of city well at Lebanon, Laclede C'ounty—Continued.

Thickness. | Depth.
Gasconade limestone—Continued. Feet. Feet.
Coarse ferruginous limestone.. ........ .. . . i 12 857
Hard lintestone. ................... 10 867
Compact yellowish limestone. 30 897
Coarse dark limestone.......... 20 917
Compact yellowish-white limestone 8 925
‘*Cotton rock . 6 931
Limestone. .. . 42 973
Siliceous limes tes. 5 978
Bluish shale, pOSBlb]y serpentme 2 980
Archean (5 feet):
LR B 1 iy 7§ = RPN 5 985

In 1890 a well 442 feet deep was sunk by the St. Louis and San
Francisco Railroad at a distance of 60 feet from the city well. The
following is the log of the railroad well: ¢

Log of well of St. Louis and San Francisco Railroad at Lebanon, Laclede C’oz(mty.

Thickness.| I'ep h.

Jefferson City limestone (430 feet): Feet. Feef.
Soil and Clay . . . ... iiiaaeaeaas 30 ! 30
Flint bowlders and elay. .. ... o i iiiiiiiiiiiiiiaiaas 35 65
Limestone; first waterat 85 feel. .. ... . ...l 2 85
Limestone and ehert. ... .. .. i 22 107
B 1< 70 o <3 24 | 131

Limestone and ehiert. . . ... iiieiiiiiiaaana 19 150
Sandstone. .. . ieeeieeiaiiieaaa 18 168
Magnesian Hmestone. ... .. iiiiiiiiiiiiaiiiiaaas 27 195
Chert bowlders. ... o i ieieeeiieiiaaaaaea 30 225

LAmestone . ..ot 5 230
Chert DowWlders. - ..o 20 250
Soft chert . . .. i e 40 290
Chert bowlders. . ... .. e 35 325
Limestone . . iiieeeiiaieaeaaes 10 335
Limestone and ¢hert. .. ... .. ... ieiiiiieaaa.. 30 365
Limestone . ... . ieiieeeeeieiiieaaeaas 22 387

LAInestone. ...ttt iaeaaaaaa. 18 425
ert 5 430
Roubldou\ sandstone (124 feet):
SandstOne . . i ieeemeiieiaaaas 124+ 4424

LAWRENCE COUNTY.
AURORA.

At Aurora, Lawrence County, the, deepest well, at present, is the
drill well sunk by the Sphalerite Mining Company. This passed
through an inclined ore body a part of the way, and the strata could
not-be correlated all the way down because of the secondary deposit
of mineral. The well was put down in the summer of 1899. The
following analysis was made by a Chicago chemist. The water
was obtained after pumping for several hours.

a Acknowledgment is due to Mr. C. D. Purdon, engineer of maintenance of wafr of the Frisco System,
for the logs of the city and railroad wells; also to Mr. M. W. Serl, of Lebanon, for many valuable notes
on the city well and on the geology of Laclede County.
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Analysis of water from well of Sphalerite Mining Company, Aurora, Laurence County.o

Parts per Parts per
million. million.
Silica (SiOg).eeeeii . 16 | Carbonate radicle (CO,)........... 121
Iron and alumina oxides (Fe, O, Sulphate radicle (80,) .........._.. 219
ALOy) oo 16 | Chlorine (C1) ...ooooiaeio L . 21
Caleium (Ca)...oooon oo oo ... 131 -
Magnesium (Mg)..............._. 13 565
Sodium (Na)...................... 28

The following is the log of the well:

Log of well of Sphalerite Mining Company, Aurora, Laurence County.

} Thickness.' Depth.

[

Feet. Feet.
Burlington (356 feet):

01 i 10 10
Coarse gray limestone, some chert. .. 115 125
Flint, lime, and small calcite crystals. .. ......oooo i iiiiiiiiiiiiiaianaanns 35 160
Limestone and flint, with traces of marcasite, calcite, and copper and zinc ore. 48 208
Coarse brecciated limestone and flint (ore body), with much zine and caleite. 6 214
Limestone and chert, with traces of calcite, marcasite, bitumen, and zine ore_ 91 305
Dolomitic limestone, chert, some zinc and caleite........................... 15 320
Shaly blue limestone 10 330
Blue limestone, some chert and ealeite. . ..............o. .ol 12 342
Dark-gray limestone and chert, some zZinc........o..o.ieeeiiiiiiaiianaaeanns 6 348
‘White flint, limestone, brecciated ore body, much zine...................... 2 350
Gray limestone and Ainb. ... ... oottt eieemeee e aanas 6 356

Chouteau limestone (33 feet):
Shaly dolomitic limestone. .. .. ... ... ... .o . ueiermaeeeaeaaamaneaaaneonn 4 360
Breeciated blue limestone, white flint, rich zine 12 372
Mainly blue Ilmestone, chert. ... ... oo ittt iiaaaaaas 17 389

Und.flerentiated (107 feet):
Shaly blue magnesian limestone. . ... ....oueooeeoneeeneeaaeaaaocaananean 6 395
S liceous dolomitic limestone, some ecaleite and zine...o.......o....o i 2 - 397
Ore breccia, p.nk dolomite, blue limestone, and chert..... ... ............... 8 405
Gray limestone, some chert. ... ... ... .. ittt 13 418
Gray dolomitic shaly limestone, trace of marcasite..................o..oo .. 6 424
Dark-gray limestone, chert breccia, zine, and pink dolomite................. 2 426
Light-gray dolomitic limestone and chert 4 430
Light-gray limestone....................... 2 432
Dolomitic limestone, cherty, some zine. .. ... ... iiiiiiiiiiiiiiai s 38 470
Dolomitic limestone, fine grained, brecciated with zine. . ... .. .. .. ... 8 478
Dark-gray siliceous dolomitic limestone, white chert, some zine...._........ 12 490
Same, with some oolitic limestone at bottom. ... .. ... ... . ... ... 6 496

COMET.

On the north bank of Sac River, just north of Comet post-office is
a well owned by Clate Hargroves. Depth, 170 feet; altitude, barom-
etrically, 890 feet; casing, 53-inch; flow, carries water to a height of
17 feet in a 3-inch pipe; date of completion, April, 1900; driller,
M. C. Gothard, Dadeville, Mo.; cost, $170; surface formation, Bur-
lington limestone. This well was sunk by a Clinton mining company
in prospecting for mineral. A flow of water was struck in white sand
at a depth of 166 feet. The log, which follows, was furnished by Mr.
Gothard.

a Expressed by analyst in grains per gallon and hypothetical combinations: recomputed to ionie
form and parts per million at United States Geological Survey.
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Log of Hargroves’s well, Comet, Lawrence County.

Thickness. | Depth.

Feet. Feet.
0

1127 1 1 10
Coarse-grained gray limestone and flint . 100 110
Blue shale. . ... i e eaaeeeaaaaan 40 150
Devonian:
Sac Hmestone a. .. 10 160
Phelps sandstone @ (water bearing) ... . .......ocioiiiiiiiiiiiiiiaanaaans 10 170

a Migsouri Geol. Survey, vol. 12, 1%98, p. 74.

The water of this well is soft and pure.

CORRY.

Three small flowing wells are found near the Corry mines. They
were shallow prospect holes for mineral. One of them is located on
the farm of John Woody, 24 miles southwest of Corry, and is 100 feet
deep. Water flows feebly to the surface. The two others are located

on the old Jim Boyd place, one-fourth of a mile due north of Corry,
and each is about 100 feet deep.

PIERCE CITY.

Three and one-half miles northwest of Pierce” City, Lawrence
County, in sec. 7, T. 26, R. 28, is a well owned by J. L. Wight and
drilled by Ira C. and W. P. Wight. The following log was received
from Messrs. M. L. Fuller and S. Sanford:

Log of Wight well near Pierce Clity, Lawrence County.

Thickness. | Depth.

Feet. Feet.
Flint howlders mixed with elay ... ... . . . . .. il 80 80
Sandstone, or rotten flint...... 37 117
Water.................. 2 119
Ledge of flint. ... ... i 2 121
Crevice; stream of Water. .. ... . ... iiiiiiiiiiiiiiiiaa i 4 125
Solid flint. . oo i it 15 140

VERONA.,

Five-eighths of a mile north of Verona, Lawrence County, in sec. §,
T. 26, R. 26, is a well owned by G. H. Ruggles and drilled by F. Lech-
ner. The following log was received from Messrs. M. L. Fuller and

S. Sanford.
Log of Ruggles well, Verona, Lawrence County.

Thickness. | Depth.

Feet. Feet.
Surface, roek, water on top of rock 43 43

Flint and hme hard . i 37 80
Opening, Iarge amount of water, some lead ore was found in drill cuttings...... 4 84
Flint and lime; some zinc ore appe&red incuttings. _........... .. 30 114
Flint, lime, and zmc 14 128
nghl; shale or ‘*soapstont 21 149
Flint and lime..... 4 153
Zinc ore incuttings . . ... ... ... ... ... 14 167

Flint and lime; occasi

s of zinc ore,
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M'DONALD COUNTY.
LANAGAN.

At the railway station in Lanagan, McDonald County, is a well
owned by the Kansas City Southern Railway, of which the depth is
about 600 feet; temperature of water, 58.1° F.; of air, 65.3° F.; flow,
strong; surface formation, Burlington limestone. This is a very
strong flowing well, filling the tank for locomotives and supplying a
neighboring hotel. The water is probably carried 30 feet above
ground. The record has been lost and the actual depth is unknown.
The water is strongly charged with sulphureted hydrogen.

The Irvin Walker well is one-quarter of a mile southeast of Lanagan,
on the south side of the road leading to Pineville. Its depth is 435
feet; altitude, 865 feet; casing, 5%-inch, 18 feet; temperature of water,
53° F.; flow, 8 to 10 gallons per minute; date of completion, Decem-
ber, 1901; driller, Irvin Walker; surface formation, top of Devonian
shale. The following are analyses of this water:

Analysis of water from Walker well, Lanagan, McDonald County, January 17, 1903.a

[Analyst, J. C. Draper.]

Parts per million. Parts per million.
Caleium (Ca)................. ... 30 Organic matter. .........._..... 30
Magnesium (Mg)................ 8.5
Carbonate radicle (COg).......... 66 240.5
Alkaline chlorides. . .........._. 106

Analysis of water from Walker well, Lanagan, McDonald County, May 15, 1905,

[Analyst, E. E. Ellis.]

Parts per million. Parts per million.
Iron (Fe)..ooooovonil Trace. | Sulphate radicle (SO,). ... ..... Trace.
Calcium (Ca) . ... 77 Chlorine (C1). ..., 26
Carbonate radiele (CO,).......... 112 Tuarbidity - ... ...l None.
Bicarbonate radicle (HCO;)...... 136 Color ... .. ... ...l... None.
NOEL.

On a hill one-fifth of a mile east of Noel, in sec. 14, T. 21, R. 33, is
a well owned by the Noel Improvement Company.? Depth, 880 feet;
altitude above tide, 865 feet; casing, 5§-inch, 6 feet; temperature of
water, 55° F.; flow; date of completion, January, 1903; driller, Irvin
Walker, Lanagan; surface formation, lower part of Burlington. This
well was put down by a company of Noel citizens for the purpose of
supplying the town with water, and for this reason the hole was
drilled on the top of a hill 90 feet above the railway station. At a

a Expressed by analyst in hypothetical combinations; recomputed to jonic form and parts per mil-
lion at United States Geological Survey.

b The writer is indebted to Mr. Irvin Walker, of Lanagan, for notes on this well and the Walker well
at Lanagan, and also for the privilege, accorded to Mr. Ellis, of examining a carefully kept set of drill-
ings from this well. .
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depth of 350 feet water was struck which rose rapidly under artesian
pressure, escaping, according to Mr. Walker’s statement, in a crevice
of the rock, 16 feet below the surface. The following is the log of this

well:
Log of deep well at Noel, McDonald County.

Thickness. | Depth.
Feet. Feet.
Limestone, with layers of ehert.......o.ooooiiiiiiiiiiiii it 95 95
Noncherty gray limestone.............. 36 %1
Soft brown shale, slightly carbonaceous 59 190
Compact gray limestone, with semiopaque chert 25 215
Gray and white limestone, with chert and fragments of black slate. ... _...... 115 330
Soft shaly gray magnesian limestone............... et e 15 345
Hard, compact gray Liamestone. . ... ... i ittt ot 5 350
Soft IMestome . .. ... ittt emaaee e 10 360
Hard compact limestone, with some earthy limestone. ... . .................... 45 405
Similar limestone, with band of hard, black slaty shale.......................... 10 415
Hard, grayish-brown, finely crystalline limestone............................... 5 420
Hard, compact brown shale. .. .. .. it i i 5 425
Gray limestone, generally earthy, with someslate..............o...o.oooiiioon 40 465
Fine-grained crystalline.limestone, with much earthy limestone and no chert ... 177 642
Compact gray limestone, with alittlechert. ... ... .. ... ... ... ..., 24 666
Fine-grained gray limestone, with hard black shale_._ ... 99 765
Light-gray, finely crystalline limestone, with chert..... 10 775
Light-gray compact limestone........... ... ................ 35 810
Similar limestone, with considerable semiopaque compact che 70 880

SOUTHWEST CITY.

In Southwest City, McDonald County, is a well owned by Jacob
Winters, and drilled by Sterner Brothers. The following log was
received from Messrs. M. L. Fuller and S. Sanford:

Log of Winters well, Southwest City, McDonald County.

Thickness. | Depth.

Feet. Feet.
Surface and COATSe TOCK. . ... i vun i it e aaaes 48 48
Blue flint and white quartz rock, with small deposits of coal at 74 and 78 feet. ... 30 78
Light-gray rock. ... .. ... . i it it e eeeaaas 20 98
Dark-brown flint, with iron pyrite. .. ... . i 12 110

Three miles west of Southwest City is a well owned and drilled by
Levi Shinn. The following log was received from Messrs. M. L. Fuller
and S. Sanford:

Log of Shinn well near Southwest City, McDonald County.

Thickness. | Depth.
Feet. Feet.

Surface soil. ... 10 10
Red clay.- .. 5 15
No entry 5 - 20

int........ 30 50
Noentry........ 10 60
Red sticky clay.. 10 70
Bowlders.... ... .. ... - 10 80
‘White and black red flint 15 95
White chalk TOCK. . ... iiiieiiiaiaeiiaeeaans 30 125

All of the above record is in the upper part of the Burlington.
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TIFF CITY.

Three-fourths of a mile from Tiff City, in sec. 4, T. 23, R. 34, is a
well owned by John Manning. Depth, 180feet: casing, 5-inch, to rock;
flow, weak; date of completion, June, 1900; driller, T. W. Hutchinson;
cost, $180; surface formation, Burlington limestone. This well is situ-
ated in a valley, 300 feet from a small stream. The principal water
was struck at a depth of 150 feet in crevices which opened in the rock.
The flow has not varied since drilling, and the water, which is slightly
charged with sulphureted hydrogen, is used for drinking.

WANDA.

In the SE. I sec. 5, T. 24, R. 30, 1 mile northeast of Wanda post-
office and about 7 miles south and east of Granby, there is a well on the
land of W. R. Moore. Depth, 144 feet; altitude, barometrically, 1,086
feet; casing, 53-inch, 20 feet; temperature of water, 57.2° F.; of air,
66.2° F.; flow, 42 cubic feet per minute; date of completion, 1901; sur--
face formation, base of Burlington limestone. This well was sunk as a
prospect hole for mineral. The flow has been strong from the first
and has not varied.

Another well, which had also a strong artesian flow, wassunk near by
at the same time. The stream of water is said to have come from cav-
ernous openings in limestone. No log was kept, but the flow was prob-
ably from the base of the Devonian. The regional dip of the rocks in
this district is toward the west.

NEWTON COUNTY.
DIAMOND.

Three and one-half miles west of 'Diamond, Newton County, in sec. 1,
T. 26, R. 32, is a well owned by W. A. Parnell. The following log was
received from Messrs. M. L. Fuller and S. Sanford:

Log of Parnell well near Diamond, Newton County.

WELL NO. 1.

Thickness.| Depth.

Limestone; water plentiful at 140feet. .. .. ... . ... ... ... ... .
LImestone . - . oot e teieeeenieaae e

Feet. Feet.

Surface, clay, and flint bowlders. ... .. .. e iiiiiiiiieiaia.. 18 18
Limestone.. . . . ... ieeaiiiaeiaaaaann 30 48
Blue flint. .. et eemeeeeeeaae e 2 50
Limestone.. e e iiaiiciaiaaas 20 70
Blue flint ... P, 2 72
Limestone.. 18 20
Blue flint. . ... i 4 94
Limestone. -« .. ..o i 2 119
Blueflint. ...... ... ... ... 2 121

19

60
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In this vicinity there are four other wells. Their logs are as follows:

Log of wells near Diamond, Newton County.

WELL NO. 2. .
Thickness. | Depth.
Feet. Feet.

8oil, clay, and fiint bowlders: water, running stream at 14 feet 14 14
LAmestone. - ... .o e iaaaen 24 38
Blue flint . ..t s . 6 4
B0 T ) T Y 52 96

WELL NO. 3.

Clay and flint bowlders; water, not so strong as in other wells, at 35 feet....... 35 35
LAMeStONe . . . ..o eaiaaaeanaas 35 70
WELL NO. 4.

Soil, elay, hardpan. .. . ... ... ... ... ... 14 14
¢ Soapstone;”’ water pretty strong, soft, at 40 feet 26 40
Clean “tiff . ... .. ... ... ... 1 41
‘“Soapstone”’ and some black sand howlder: 54 95
¢ Burnt-looking limestone™ ......_. el 3 98
Brownish-yellow sand rock. 6 104
‘Whitish flint rock........ 8 112
“Soapstone;” did not penetrate 36 148
WELL NO. 5.

Clay and hardpan. . ..o ..ot i iiiet e iaeaaacaeaaa e 15 15
Clay and flint; water, soft .. 20 35
Whiteflint. ... ... .. ..., i 15 50
Clay and flint. . ...t 45 95

The above wells are all in the Burlington limestone.

One and one-half miles north of Diamond, in sec. 31, T. 27, R. 32,
is a well owned by Leathers Brothers and drilled by W. H. Leathers.
The following log was received from Messrs. M. L. Fuller and S.

Sanford :

Log of Leathers well near Diamond, Newton County.

Thickness.| Depth.
Feet. Feet.
Red clay and flint 45 45
Lime and flint...... 83 128
‘White flint and zinc 2 130
Lime and flint......._..__ 30 160
Soft white flint or water fl 50 210
Mississippi limestone. . ....... .. . i 7 217

All of the above record is in the upper part of the Burlington.
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MOUNT PLEASANT MILL.

The Granby Mining Company has drilled a deep well on the north
side of lot 15, in the SE. 1 SW. 1 sec. 31, T. 26, R. 30. The following
record was furmshed by Mr. Ehas Gatch, pr931dent of the company:

Log of well of Granby Mining Company, near Mount Pleasant Mill, Newton County.

Thickness.| Depth.
Feet. Feet.
Red ferruginous sandstone. . ........ovuiii ittt aa e aaaaaan 21 21
Blue clay, shale, and cherty flin. . . .. .. . oo oo e s 6 27
Almost solid sheet of mundie, with very small vein of coalontop............... 6 33
51T (R 2 35
Black Sand . . ... ...t 3 38
Blue clay and black sand..... ... coooe i i 4 42
Black 8and . . . oo n e 8 50
BIUC CIAT « .o ece oo e et et e it ! 16 66
it ! 24 90
....................... ! 6 96
lint N 24 120
Blue shale and flint 11 131
Solid flint............. 7 174
Mixed flint and llme, shines of bl al3 187
Limestone...... ... ... . i 3 190
Black fint .. ..o 6 196
Flint bowlders and €lay. ... . ..o i 32 228
glmt with at little cl&ya ..................... 42 g;g
ning containing mud. ... ... .. iiiiiiiiiaaaas 5
Phge conaint oo 12 587
Limeand flint. ..ot e 11 208
% Ty T 14 312
Siliceous magnesian Hmestone. . . ... ...........uiuoii i 28 340
Lime and flint, flint largely predominating. ...........ccioiiiiiiiiiniianineaaan 82 422
LmMestOme . ..t eieieeeiaaeeaaaas 8 430
Limestone, with a little fint. ... . .. . . . i iiiaiiaan 25 455
Limestone, with a band of white flint. ... ... .. . ... .. .. ... ... . ... ... 99 554
Limestone and flint, with some zine. . ... ... .. ..o oo iiiiieannen 36 590
LAMESTOMO . . ..ottt e e eaaaaaaa 30 620
Blue flint. .o e 25 645
Blue flint and Hmestone. ... ... ..ot e 17 662
Limestone . ... i iiaieeeeeieeeiaeacienaaa 8 670
Soft, shelly Hmestone . . .. .. ... ..o it 2 672
Blus flint and [ 7 18 690
Limestone . ... 16 766
Flint and limestone. . ... oouetoi it ie ettt et a e 40 746
Flint and ]_lmestone, .. . R 4 750
‘White flint. 6 756
Limestone................ 7 763
Limestone and flint, mostly nt 21 784
Limestone, with a Yittle flint .. 41 825
Limestone... . . 40 865
Granular qUATTZ. . . ..ottt 26 891
Limestone, with strata of whiteclay. ... .. . .. it 12 903
Nearly pure Hmestone. . ............ooo it eiai i iaaaaaes 11 914
Limestone, with quartz increvices. .. .. .. ... .o it 35 949
Limestone, Nearly PUTe. . . . . ..ottt et e e e et 10 959
Blue BNt . i eaas 1 960
Nearly pure limestone 17 977
Limestone, some flint, and dolomite crystals. 14 991
Limestone............................... 5 996
19 1,015
Mainly limestone water channel; eat 1,014 feet water rose nearly to surface. .... 14 1,029
T4 T 17 1,046
Flint and HMeStoNe. . .. .....oooiiiiiiiiiiiiiiiiiiiiiiaiaaaan ! 166 | 1,212
Limestone, with whitesand............... ... ... . 7 1,219
Limestone and sandstone._ . . ... ... .. ..iioiiiiiiiaiaiaia.. . 11 1,230
Granular HmMestone. . .. ....ocoooiemeee i eaaaecannnn . 9 1,239
Limestone and sandstone. . ... ... ..o i iioiiiiiiiiiaianan R 12 1,251
Granular Hmestone. .. ......o .ot - 9 1,260
Hard blue flint. ... ... coooen i it 4 1,264
i - 23 1,287
.. 29 1,316
- 10 1,326
.- 52 1,378
33 1,411
27 1,438
14 1,452
Quartzite, lime, mundic, and tallow cl 9 1,461
Nearly all limestone.........o....eoioeionin e I 13 1,474

& Probably error in driller’s log; sbould be 43 feet.
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Log of well of Granby Mining Company, near Mount Pleasant Mill, etc.—Continued.

Thickness.| Depth.

Feet. Feet.
Black flint (quartzite) 9

Caleium earhonate and quartzite. . 10 1,493
Very black limestone with odor of 38 1,531
Hard shale, denoting water channel. ... .. 15 1,546
Limestone and black shale. . 16 1,562
Nearly all limestone..... . - 4 1, 566
LAmMeStONe . - oo oot e e . 8 1,574
Limestone and black shale. .. ... ... .. ... .. ... ........coiiiios - 1 1,575
Nearly all Hmestone. ... ... ... . it areas - 5 1,580
Limestone and shale. .. ... . . ... . 21 1,601
Nearly all imestone. . .. ... ... ottt aaeaeaas - 14 1,615
Limestone and shale. . ... ... e 7 1,622

Hole abandoned and casing taken out.
NEOSHO.

There are several flowing wells near the city of Neosho. One is
located on the east side of the railroad, two or three blocks south of
the station. Depth, 300 feet; altitude, 1,018 feet; temperature of
water, 58.1° F.; of air, 65.3° F.; flow, 11 gallons per minute; date
of completion, 1899; surface formation, Burlington limestone. This
well was put down with the hope of obtaining mineral water, and
was used for several years to supply a public bath house. The water
13 now used mainly for drinking purposes. It has a slight odor of
sulphureted hydrogen. The following analysis was made by E. E.
Ellis May 16, 1905:

Analysis of water of well at Neosho, Newton County.

Parts per million. Parts per million.
Iron (Fe)..ooooiioiiiiiiiios Trace. | Sulphate radicle (SO,)............ 35
Caleium (Ca)..ooeoieieiiaiaann 80 | Turbidity. .ccoemiii i aianans None.
Bicarbonate radicle (HCO,)..... . 217 | Color « - ceeeeecucieaacaeo.. None.

At the fish hatchery is a well put down by the United States Govern-
ment. Its depth is 292 feet; altitude, 1,033 feet; casing, 53-inch to
22 feet; temperature of water, 59° F.; flow, very weak, less than 1 gal-
lon per minute; date of completion, 1899; surface formation, Burling-
ton limestone. The following is the log of this well:

 Log of fish-hatchery well, Neosho, Newton County.

Thickness.| Depth.
Feet. Feet.

11 A S 10 10
Compact white and light-gray limestone, free from chert. RN 48 58
Same, with compact white and gray chert. ... ... .. ... .. ... ... .- 7 65
Dark-gray compact limestone, showing small caleite cleavage planes. ._.._.__.. 8 73
Compact dark-gray chert, breaking with sharp edges, with a small mixture of

compact gray and white limestone. .. ... . ... . .. .oiiiiiiiiiiiiiia... 85 158
Same, with slightly more limestone. ... .. . .. ... . . .cioiiiii.ii e 28 186
Very hard and compact light-gray limestone, earthy-looking chert of sar 4 190
Dark brownish-black, rather hard shale, similar to that at Lanagan. 22 212
Compact ira.yish—brown limestone, siliceous, finely crystalline......... 16 228
Same, with lighter and darker streaks, layers of chert in darker portion 64 { 292

IRR 195—07———11
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The water has a slight odor and taste of sulphureted hydrogen, simi-
lar to that of the “Neosho ' well. This well was drilled for the purpose
of obtaining additional water for the fish hatchery, but work ceased
when the water was found to be charged with sulphureted hydrogen,
and at present the water is used only for drinking. The source of the
water is probably at a depth of 150 to 160 feet, where openings were
found. This well is probably all in the Burlington limestone.

OZARK COUNTY.

BAKERSFIELD.

One mile southwest of Bakersfield, Ozark County, in T. 22, R. 11, is
a well owned by John Paris and drilled by W. L. Fowler. The follow-
ing log was received from Messrs. M. L. Fuller and S. Sanford:

Log of Paris well near Bakersfield, Ozark County.

| Thickness. Depth.

Feet. Feet.
1 103§ I 3 U R 10 10
BT T 203 Y R Y ! 12 135
“*Copper’’. I 6 141
Slate. .o A 15 156
Hard rock; * cuttings likeashes' .. ... . iiiiiiiiiiiiiiaiaal s 3 159
Black sandstone. ... ... ..ol ; 2 161

PHELPS COUNTY.

EDGAR SPRINGS.

Two miles west of Edgar Springs, Phelps County, is a well owned by
W. R. Denison and drilled by F. L. Cook. The following log was
received from Messrs. M. L. Fuller and S. Sanford:

Log of Denison well near Edgar Springs, Phelps County.

135 o U DO
Sandstone. ... .. . ... . ..
Lime and flint
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The cores from a well drilled at Rolla in 1905 were furnished by Dr.
George E.Ladd, director of the Missouri School of Mines, and from

them the following record was obtained:

Log of well at Rolla, Phelps County.

Thickness.
Jefferson City limestone (279 feet): Feet.
510 | 25
Compact light-gray ¢ cotton rock” (dolontite).........cooooiiieeoioion. 10
Same, trace of Chert. . .. e S5
Compatt “cotbon ToCK ™ ... oot 5
Same, with a little chert..... et 5
Buff-colored fine-grained * cott: 15
Gray splintery dolomite, some flint 20
Fine-gra‘ned buff-colored siliceous limestone, with white 5
Light-gray splintery limestone, some white flint............ .. 5
Light-gray splintery ¢ cotton rock’ (dolomite). ... .. .. .. ... ... . ... .. 5
Fine-grained splintery siliceous magnesian limestone. ..._................._. 5
Fine-grained white to gray cherty limestone.._ .............................. 5
Fine-grained light-gray splintery siliceous dolomite........ . ... .. ... .. 10
Fine-grained white dolomite, more compact.......... .. 10
Fine-grained light-gray splintery dolomite. ... ... .. .. . .. ........... 15
Coarser grained light-gray siliceous dolomite, granular, some chert, with
little blue shale. ... .. . e 25
Coarser grained gray siliceous dolomite, increase of chert and quartzite.. ... 15
Fine-gramned dark-gray siliceous dolomite, some white chert and marcasite. . 20
Fine-grained dolomite, with some white chert and marcasite_... ... ..._... ! 19
Same, with dark-colored siliceons dolomite.... ... .......... ... 5
Dark-gray siliceous dolomite and white chert.._.. .. ...._. - 25
Mottled s.liceous dolomite, some white chert and marcasite.........._... .. 25
Roubidoux sandstone (65 feet):
Quartz sandstone, coarse, waterworn, little white chert and marcasite... ... 20
Light-gray dolomite, with marcasite and white chert........._............. | 10
Fine sandstone, with white siliceous dolomite and marcasite._.............. 5
Light-gray siliceous dolomite, with sandstone, white chert, and mareasite. .. 20
Fine-grained white chert, with mareasite.......... . .. .. ... ... 5
White waterworn sand, white chert, and much marcasite. ... _......_ ... .. 5
Gasconade limestone (256 feet): ’
‘White to gray cherty quartzite, with marcasite . ... ... ................... 10
Gray siliceous dolomite, with some chert and marcasite (3]
Light-gray fine-grained cherty quartzite sand, oolitie. . 15
Gray siliceous dolomite, with chert and niore marcasite... .... 39
Coarser blue and white chert, with some siliceous dolomite an
3T ¢ 5
Fine-grained gray siliceous dolomite, less white chert and marcasite.... ... 25
Fine-grained gray siliceous dolomite, with magnesian shale, white chert, and
marcasite. ... il 10
Fine-grained siliceous dolomite, with cherty quartzite and some marcasite. . 15
Cherty siliceous dolomite and marecasite. ... ... .. ... ... ... ... 65
Fine-grained sandy dolomite, chert, and much mareasite............_....... 5

Depth.

Feet.

598

Six miles southeast of Rolia, Phelps County, in sec. 28, T. 25, R. 7,

is a well owned by J. W. Gower and drilled by C. C. Gower.

The

following log is furnished by Messrs. M. L. Fuller and S. Sanford:

Log of Gower well near Rolla, Phelps County.

B0 8 41 B
Red sand, soft...........
Flint rock, hard........_.
Gray lime, soft...........
Blue lime, hard.........
‘White sand rock, soft. .
Blue lime, soft

Thickness.

Fecet.
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WESTCOTT.

Two miles southeast of Westcott, Phelps County, in sec. 35, T. 33,
R. 9, is a well owned and drilled by W. A. Corey. The following
log was received from Messrs. M. L. Fuller and S. Sanford:

Log of Corey well near Westcott, Phelps County.

Thickness. | Depth.

Feet. Fecet.
48 48

TEXAS COUNTY.

PLATO.

In sec. 28, T. 33, R. 12, 3% miles northwest of Plato, Texas County,
is a well owned and drilled by F. L. Cook. The following log was
received from Messrs. M. L. Fuller and S. Sanford:

Log of Cook well, Plato, Texas County.

Thickness.| Depth.

Feet. Feet.
6 60 60
Limestone. ... | 20 80
Sand rock..... . 30 110
Lime and flint... 36 146

ST. LOUIS BASIN DISTRICT.
GENERAL ARTESIAN CONDITIONS.

The well-defined St. Liouis basin district includes a small area, which
is made up of St. Louis, St. Charles, the northern portion of Jefferson,
and the northeastern portion of Franklin counties. It lies mainly on
the slope of an anticlinal ridge which extends from Plattin, Jefferson
County, through Pacific, in the northeast corner of Franklin County,
and, crossing Missouri River at a point between Labadie and St. Albans
on the south side and passing through Klondike on the north side,
in St. Charles County, continues northeastward through Warren
County. This fold is well outlined along its course by the outcrop-
ping of the St. Peter sandstone, cross sections of which are finely
shown in the bluffs along the river at Klondike and at Currelbaums
Rock, on the south side of the river about 1 mile south of Becker,
where the crumpled and disturbed condition of the strata is well
exhibited. In this locality the Missouri, meeting the soft and some-
what crumpled St. Peter sandstone elevated by this fold, was enabled,
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probably, to cut its way into another channel and continue along a
new route to the Mississippi. The early channel of the Missouri
probably passed by Labadie and Grays Summit into the Meramec,
near Pacific.

The strata dip with considerable uniformity to the northeast and
continue so for some distance into Illinois. Throughout the northern
part of the State a general northeasterly dip from the Ozarks is
characteristic of all the rocks but the Pennsylvanian series, which seem
to have been deposited in several basins more or less independent of
each other. In the district under discussion, however, this general
dip is slightly interrupted by the course of the anticlinal fold above
described.

A number of deep wells have been sunk in the St. Louls basin dis-
trict. The records of only two have been carefully preserved, but
these are so remarkable in their accuracy and completeness as to
compensate, in a great degree, for the loss of data regarding the
others.

This artesian district lies in a cone-shaped basin. On the north
side is the Cap au Grés axis (briefly outlined by A. H. Worthen®),
which brings the St. Peter sandstone to the surface in Cap au Grés
Bluff, on Mississippi River. In describing this axis, Worthen says:

It intersects the Mississippi bluffs immediately below the high bluff of St. Peter
sandstone to which the name of Cap au Grés, or sandstone headland, was given by the
French voyageurs, and, with a trend of E. 10° 8., it intersects the bluffs of the Illi-
nois about 2 miles below Monterey, crosses the bluffs on the eastern side of that

stream about 5 miles above its mouth, and after intersecting an elbow of the river bluff
for 3 or 4 miles is finally lost in the valley of the Mississippi.

It is stated by others that this axis within a short distance turns to
the east and north and continues farther into Illinois.

The St. Peter sandstone outcrops in high bluffs between McLeans
Creek and Sandy Creek, and at various points along this axis, which
here takes a north by west course through Lincoln, Pike, and Ralls
counties, forming what is known as the Lincoln Ridge. Broadhead
states that the northernmost point at which this axis is noted in
Missouri is near Newark, Knox County

The geologic map of this region (Pl I, p.6) indicates that St.
Louis is partially surrounded on the south west, and north by two
folds which show outcroppings of St. Peter ‘sandstone. One of these
is the Cap au Grés axis already described. The other, on the south,
is the Pacific axis or anticline, extending from Crystal City and Plat-
tin Rock, on the Mississippi, south of St. Louis, through Pacific and
Klondike on the Missouri, and thence northward into Warren
County. Within the area inclosed by these folds the cone-shaped St.
Louis basin, having conditions highly favorable for artesian pressure,

a Geology of Calhoun County: Geol. Survey Illinois, vol. 4, 1870, p. 2.
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is Jocated. East of St. Louis the rocks dip gently at the rate of 10 to
12 feet per muile.

There 1s little doubt that flowing wells might be obtained from the
St. Peter sandstone along the Missouri and Mississippi valleys in
the interior of this basin at an altitude not exceeding 450 feet. A
sumnary of the thickness and depth of the St. Peter sandstone in
this district is given in the following table.

Thickness and depth of St. Peter sandstone in St. Lowis basin district.

Loeality. Thickness.| Depth.
Feet Feet.
Housemans, near Brentwood - ... .. ... i 1.000
Clayton, St. Louis County. ... S 1,145
St. Charles . .o i 1,475
Insane Asylam well, St. Louis 133 1,452
Grone Brewery well, St. Louis [ P 1, 450
Beleher well, St. Louis. . ... ... .. 138 1, 500
Belz Packing Company well, St. Louis. ... oo i 1,500
Godfrey, Monticello, IIl. ... . .. .. 100+ 1,525
Granite City, Tl . .. il 125 1,645
Cahokia, near Monks Mound, TI1. ... ... ... ... 125 1,975

The catchment basin for these wells is probably largely along the
Pacific anticline.
FRANKLIN COUNTY.

LUEBBERING.

One hundred yards east of Luebbering, Franklin County, in sec.
29, T. 41, R. 2 E., is a well owned by F. A. Pilliod and drilled by L.
Widman. The following log was received from Messrs. M. L. Fuller
and S. Sanford:

Log of Pilliod well, Luebbering.

Thickness. ‘ Depth.

|

Feet. Feet.
Red sand... 100 100
Flint..... 5 105
Limestone 10 115
White sand. ... i 35 150
SULLIVAN, .

In sec. 34, T. 42, R. 2, W., is a well on the farm of Thomas Ruther-
ford; depth, 1,550 feet; altitude above tide, 641 feet; casing, 10-inch
to 100 feet; 8-inch to 600 feet; 6-inch to bottom; temperature of
water, 63.5° F.; of air, 87.8° F.; flow, 8 gallons per minute; date of
completion, 1896; surface formation, base of Jefferson City limestone.
This well does not strictly belong to the district in which it is placed,
as it lies on the west side of the Pacific fold and probably derives its
water directly from the Ozarks. It is described here for the sake of
convenience. It was sunk in a series of interbedded hard sandstones
and cherty limestones, and water is said to have come from a pure white
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sandstone, the principal flow being from the bottom—1,550 feet.
Water rose at first, it is said, to a height of 40 feet, but the pressure
has since considerably decreased. It has been impossible to obtain
the log of this well. Keyes® states that granite is said to have been
encountered 1,100 feet from the surface in Franklin County, the ref-
erence being probably to this well. The water is good and contains
some sulphur.
JEFFERSON COUNTY.

KIMMSWICK.

One-fourth of a mile north of Kimmswick, Jefferson County, in sec.
6, T. 42, R. 6, is a well owned by the Columbia Excursion Company
and drilled by F. J. Miller. The following log was received from
Messrs. M. L. Fuller and S. Sanford: |

Log of well near Kimmswick, Jefferson County.

‘ Thickness.| Depth.

1 Feet. Feet.
Red clay (@arthy. ..o oo i ¢ 38

38
Black limestone. .. .......... 18 56
Yellow rock, soft..... ........ 14 70
Blue-black slate or soapstone . 25 95
White limestone..._........... 35 130
Blue fint. oo e aiaaas ; 1 141

MADISON COUNTY, ILL. |
GRANITE CITY.

The following log of a well at Granite City, Ill., was obtained by
E. E. Ellis from George S. Reed, the driller. Altitude, about 435 feet.

\
Log of well at Granite City, Iil.,

Thickness.| Depth.
i
‘ Feet. Feet.
Soft brown sandy 10aIM. . o oo o oo et e [ 40 40
Coarse brown quicksand. . s L. 50 90
GravVel . L. . 23 113
White limestone; well full of water................ 382 495
Soft gray slate. ... ... .eaeel i 60 555
Hard brown limestone; water softer.... .. . .. ... .............. [ 30 585
Hard to softer gray sand rock; oil smell..._._. 63 648
White limestone; filled up with sulphur water. 87 735
Hard gray sandy limestone 50 785
Shale with shells......._ . 15 800
Soft red and gray shale wi 20 820
* Soft dark shale.............. 20 840
Medium gray limestone. .. ... . o i 50 890
Soft red and gray shale with shells....... .. ... . . .. ... ... EUURRR 30 920
Medium pink magnesian limestone. ... ... .. ... .. oo 55 975
Hard gray limestone; a little water.. ... . . ... .. ... ....... . 50 1,025
Soft green and gray shale................._...... i eeaaan . 145 1,170
Hard pink magnestan limestone. . _...... ... ... .. ..o.o..s .- 330 1,500
Soft gray limeston; waterat 1,580 feet............... ... ... ... .- 130 1,630
Very soft gray sandy limestone. . ... ... ... .. ...l 15 1,645
Light-gray to white soft sandstone; at 1,650 feet the hole filled with mineral
water which flowed from top..... ... . il 125 1,770
Yellowish lime rock 15+ 1,785

a Missouri Geol. Survey, vol. 8, 1835, p. 334.
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The St. Peter sandstone was struck at 1,650 feet. After going
through 125 feet of this sandstone the drill penetrated 15 feet farther
into yellowish Jefferson City limestone. The well was cased to 500
feet, and a vein of water found between 600 and 700 feet; cased again
at 800 feet, and water found between 975 and 1,025 feet. It was next
cased with 8%-inch casing to 1,035 feet. At 1,770 feet several efforts
were made to case the water off, but all of them failed.

ST. CHARLES COUNTY.

ST. CHARLES.

At St. Charles a 6-inch well was sunk at Charles Shibi’s brewery,
5% Clay street, to a depth of 1,475 feet. Saline water with a tem-
perature of 56° F. rose within 80 feet of the surface. The record
of this well is lost, but it is stated that water was struck in a white
sandstone. The brewery is situated about 100 feet above the river.
The altitude at the Wabash Railway station at St. Charles is about
490 feet, which is probably 50 feet above the lower part of the city.

ST. CLAIR COUNTY, ILL.
MONKS MOUND.

Four miles northeast of East St. Louis, Ill., in Brook’s pasture, near
Monks Mound, St. Clair County, is a well owned by the Cahokia
Development Company, of St. Louis, Mo. It was drilled by O. S,
Willson and the record was furnished by S. L.. Shellenberger, of Atoka,
Ind. T. Altitude, about 450 feet; diameter of well, 12 inches to depth
of 150 feet; date of completion, January, 1905.

Log of Cahokia Development Company’s well near Monks Mound, I1l.

Thickness.| Depth.
Feet. Feet.
Soil, sand and silt. ...t 40 40
Fine sand. ... ..o i 20 €0
Coarse quartz sand ... ... .. ... ... . 10 70
Coarse sand, gravel and shells e 80 150
Bluish clay and marl (water at 205 feet). e 55 205
Bluish limestone and marl........_.............. ... JO 15 220
Fine-grained white limestone. . . S 15 235
Compact limestone. .. ... ... .o ... ciiiiiiii e 70 305
Bluish fine-grained limestone (salt water at 365 feev) . . J U 10 315
‘White compact fine-grained limestone. .. .......... ... ... ... ..... e 0 375
Blue and grayish compact limestone. . 35 410
Rusty mottled limestone..... 30 440
Hard blue limestone. . _...... 50 490
Fine-grained chocolate-colores 15 505
Coarse bluish and grayish limestone. . .. 20 525
Reddish rusty-looking ]unestone ....... . 10 535
Grayish limestone....._....7 ... e PR . - 183 718
Bluish clay or marl. ... oo e et e 62 780
‘White limestone (salt waterat 825feety. .. ... .. ... .. ... s al35 1,015
Reddishmart. ..ot e i e 30 1, 045
Mottled limestone, clay, and marl. . ... ... .. ... ... .. ..., U 7 1,052
Grayish Imestone. .. ... oot e 18 1,070

a Probably error in driller’s rocord; should e 235 feet.
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Log of Cakokia Development Clompany’s well near Monks Mound, Ill.—Continued.

Thickness.| Depth.

Feel. Feel.
Hard, gray and red limestone. ... 25 1,095
Clay, *'slate,” ormarl. ... ... . ... ... . ... .. 10 1,105
Hard clay Selater_ .. I .. 30 1,135
Bluish limestone. . ..oo oo i i .. 35 1,170
Chocolate-colored limestone................c..oioiiiiiinaaenanan. . .. 25 | 1,195
Gray limestone. .. .. ... . i .. 15 1,210
Fine-grained reddish limestone..._ . ...... ... ... .. ....... e .. 15 1,225
Flinty dirt-colored limestone .. 5 1,230
Reddish-gray limestone 25 1,255
‘White flinty limestone. . 60 1,315
Granular dirt-colored limestone. ........ . .. .. 20 1,335
Blue marly-looking shale (a little 155 1,490
Dirty grayish limestone 40 1,530
Fine-grained limestone of varvmg colors. 445 1,975
‘White sand (well flowed slightly at 2,100 feet; st 125 2,100

The first vein of water was struck at a depth of 205 feet. Salt
water was obtained at 365 and 825 feet. At 1,490 feet a little oil
and gas were encountered. When the well reached a depth of 2,100
feet a small stream flowed at the surface; the water came undoubtedly
from the St. Peter sandstone. This record shows a gentle dip of the
strata from Missouri eastward into Illinois.

ST. LOUIS COUNTY.
BRIDGETON.

Thirteen miles northwest of St. Louis, near Bridgeton, in T. 46,
R. 6, is a well owned by C. D. Garnett and drilled by H. W. Steinsick.
The following log was furnished by Messrs. M. L. Fuller and S. San-
ford.

Log of Garneit well near Bridgeton, St Louis County.

‘ Thickness. | Depth.

Feet. Feet.
Alternate sands, limestones, shale and fire clay, all inclined to cave hadly....... ‘ 260 260
Limestone, gray, hard; thin layers of clay .. 45 305
Limestone, light gray, very hard.......... 10 315
Limestone, dark, brittle, arenaceous. .. .... . 115 430
Sandstone, dark gray, SOfte oo .. 70 500
Limestone, very dark, soft. ... ... .. 18 518

ST. LOUIS.

At the corner of Main and O’'Fallon streets, St. Louis, on the bank
of Mississippi River is a well owned by the Belcher Water, Bath and
Hotel Company. Depth, 2,199 feet; altitude above tide, 420 feet;
temperature of water, 70° F.; flow, 75 gallons per minute; date of
commencement, April, 1849; of completion, March 12, 1854; cost,
$10,000; surface formation, Pennsylvanian.
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The following is a portion of the description of the Belcher well, as
given by Litton:e

Carbureted hyydrogen was tivst perceived in passing the thin shale at a depth of 457
feet, and was found to increase in penetrating the soft shales at the depth of 650 feet
and the red marl beneath, to augment in passing the shale at the depth of 885 feet, and
to be evolved most abundantly in passing the bituminous marl at the depth of 950 feet.
This stratum of marl was found to be very bituminous and the borings when heated
evolved much carbureted hydrogen, leaving a clay covered by the oxide of iron. At
the depth of 1,090 feet the quantity of gas was found to diminish, and this diminution
continued to the depth of 1,135 feet. At the depth of 1,183 feet it began again to
increase, and hecame still more abundant at the depth of 1,222 feet. At the depth of
1,270 feet it diminished in quantity; hut at 5 feet below it began again to increase,
while at the depth of 1,301 feet its quantity was observed to diminish.

Sulphureted hydrogen was first observed at the depth of 1,510 feet, and the water
was then found to be strongly impregnated with it.

At the depth of 610 feet the water was titst discovered to have a saline taste, and at
849 feet this property was found to be more marked, the water at that depth, upon
evaporation, leaving a residue of 1§ per cent of solid constituents. At the depth of
1,015 feet the quantity of these was found increased to 2% per cent. At 1,187 feet the
percentage of salts in solution was found to have diminished, 1 pound of water on
evaporation leaving only 148 grams, but at the depth of 1,230 feet the percentage was

found to be about 3.
* * * * * * *

The observations made during the sinking of the well showed that the main supply
of water was obtained in the soft white sandstone at the depth of 1,515 feet; and from
experiments since made by Mr. Holm, by passing a tube to the depth at which the
main supply of water was obtained, he thinks there is no water which rises to the sur-
face below this sandstone. This Saccharoid sandstone is very porous and is exposed
in the counties to the west and south of 8t. Louis, at which points the general dip of

the rocks is to the east and north.
* * * * * * *

The ratio of the increase of the earth’s temperature as we descend, deduced from the
data furnished by the artesian well at St. Louis, does not agree with that calculated
from observations made at other artesian wells. The water as it flows from the well at
the refinery has a constant temperature, and according to my observation, made with a
thermometer graduated to one-fifth of a degree, it is 23°C.=73.4°F. The mean annual
temperature of St. Louis, deduced from the observations of Doctor Engelmann,
continued daily during twenty-two years, is 55.22° F.=12.9° C. Taking the depth
from which the water at the well comes to be 1,515 feet, this would give an increase of
1° F. for every 83.3 feet of descent; and for an increase of 1° C., a descent of 71.8 feet;
but for an increase of 1° C'. requires, according to the observations at Grenelle, a descent
of 104.6 feet; at Monsdorf, a descent of 97 feet; at Neusalswerk, a descent of 95.7 feet;

at Pregny, near Geneva, a descent of 97.3 feet.
* * * * * * *

Five hundred grams of the water, to which had been added 1.981 grams pure carhon-
ate of soda, were evaporated in a platinum capsule to dryness, and heated to 150° C.,
gave for total weight of solid constituents 4.3955, in which was found 0.0012 gram of
silica. R

e Litton, A., Trans. St. Louis Acad. Sei., vol. 1, 1860, pp. 82-86.
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Analyses of water from Belcher well, St. Lowis.a

[Analyst, A. Litton.]

No. 1. No. 2.

Parts per million. Parts per million.
Silica (S10g) . o ceeeeieie 2.4 | Silica (S1Og) .o iiiii L 2.
Iron (Fe) ... oo 4.5 [ Iron (Fe)...... ... .. ... ... 4.4
Caleium (Ca).o.ooooooi o 195 Caleium (Ca). ... 474
Magnesium (Mg)............... 180 Magnesium (Mg)............... 172
Sodium (Na) ........c......... 2,472 Sodium (Na) ..o 2, 365
Potassium (K).... ... .. 84 Potassium (K)................. 81
Carbonate radicle (COg) ... ... 132 Carbonate radicle (€'05). ... ... 126
Sulphate radicle (SO, ......... 57 Sulphate radicle (SO,) ......... . 551
Chlorine (C1)...ooeo e oo, 4,706 Chlorine (Cl) ... .oooo ... 4, 500
Free sulphureted hydrogen (I,8) 14 W
Free carbon dioxide (CO,)...... 55 h 400- 4

8.720.9

Residue on evaporation .. ... .. 8,791

No determinations of otlfer gaseous constituents than carbonic acid and sulphureted
hydrogen were made for want of an accurate endiometer.

Log of Belcher well, St. Louis.b

Thickness.| Depth.
Carboniferous (628 feet): Feet, Feet.
Limestone - 27 27
Shale...... 3 30
Limestone 230 260
Cherty rock. 15 275
Limestone . 75 350
Shale...... - a7 7T
Limestone 78 455
Shale...... 3 458
Limestone 37 495
Shale..... S 503
Lmestone . L .. e 125 628
Chemung ¢ (90 feet) :
Red marl 17 645
30 475
43 718
42 760
119 879
67 946
20 966
........................................... 75 1,041
LAmestOne . i 138 1,179
Cherty 10ck. 60 1,239
Limestone 133 1,372
18 1,390
2 1,417
47 1,464
38 1,502
138 1,640
Sandstone with much iron... 187 1,827
Sandstone with clay......... 192 2,019
Sandstone with lime and clay 136 2,155
Unrecorded . . ... ... oo io i 44 2,199

a Expressed by anilyst in grains per gallon and hypothetical combinations; recomputed to ionic form
and parts per million at United States Geological Survey.

b Trans. St. Louis Acad. Sci., vol. 1, 1860, pl. 5.

¢ Probably Devonian.—E. M. 8.
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The company has recently built a fine large hotel and bath house
at the corner of Fourth street and Lucas avenue, to which point the
water from this well has been piped. The water is aperient.

About 6 miles southeast of the Belcher well is the insane-asylum
well, depth, 3,8431 feet; altitude above tide, 600 feet; temperature of
water (Broadhead), 105° F.; date of commencement, March 31, 1866;
date of completion, August 9, 1869; surface formation, Pennsylvanian.

The following log of this well was published by G. C. Broadhead in
1878.2 The work was superintended by Mr. C. W. Atkinson, who col--
lected specimens every few feet and carefully arranged them in boxes,
which were stored away in the asylum. He also filed with the county
clerk a section and record of the work.

Log of insane-asylum well, St. Louts.

5 Thickness.| Depth.

Clays of “*Bluff’’ [Pleistocene] (40 feet): Feet. Feet.
{1 % P O 40 40
Pennsylvanian (30 feet):
Tumbled masses of limestone. .. ... ... _...... N 4 44
Red Clay . . oo 5 49
i e 8 57
.................... 4 61
........................ 5 66
............................ 2 68
Light-colored limestone; hottomn of dry Well .. i 3 71
Blue and drab clay, slightly caleareous. ... ... ... ..o il 9 80
Cherty limestone. ... . e ieiiiieieeiiaaaas 6 86
Dark and bluish-gray shales, SIightly Calecareons. ... .. -.owvovomoaneeannnnns 21 107
Cherty HMestome ... ... oot et e e e 4 111
Coal........... 1 112
Light-blue clay.. 8 120
Mississippian (670 teet):
Hard cherty limestone, upper part fine grained, lower part coarse........... 139 259
BIUE SDALOS . o oo ot 3 262
Drab and gray limestone, generally hard and cherty 176 438
Alternating limestone and shales.................... B 08 536
Hard blue cherty limestone. ... . . it 02 628
Very hard chert, coarse bluish-gray to buff and drab cherty limestone..._.. 75 703
Sandstone, very fine grained. . ... ... ieiiiiiiia... 6 709
Mostly light gray or drab limestone; chert and limestone at 721 and 732 feet. 81 790
Chouteau group (93 feet):
Red Hmestome. .. .. ... . i 10 800
Light-drab and gray limestone, some chert. . ........ ... ... ... 35 835
Argillaceous HIMestone . . ... o it 5 840
Light-gray limestone, some chert 43 883
Trenton, with Black River and Birdseye (421 feet):
Mostly a light-gray or blue clay 67 950
Darkelay....ooo..oo ol 16 o
Blue clay alternating with thin limestone layers.. 56 1,022
Blue and drab limestone, with probably some ma,gnesmu ayers at 1,139 feet;
cream-colored limestone at 1,216 feet 194 1,216
Light-blue cherty hmestone, salt water at 1,2’.’0 feet. R 9 1,225
Light-colored limestone. . 27 1,252
Dark limestone 52 1,304
First Magnesian linestone [Joachim] (148 fee
Light-drab cherty limestone 49 1,353
Y ellowxsh-grfw limestone. .. .. 17 1,370
Dark limnestone from 1,402 feet. 8 1,448
Light-colored limestone. ...... 4 1,452
Rfaecharoidal sandstone [St. Peter] ee
Mostly pure white sandstone, clear rounded grains, contains sulphur water;
lower portion somewhat brown...... ... .. .. . ...l 133 1,585
Second Magnesian limestone [Jefferson City] (517 feet):
Buff-brown and drab cherty limestone 61 1,646
Buff and drab cherty magnesian limestone. ... ... ... ... 456 2,102
Second sandstone [Roubidoux] (82 feet):
Hard and mostly pure sandstnne, with some limestone beds with chert,

brown or reddish-gray. ... ... 0. ... ... 82 2,184
a Trans. St. Louis Acad. Sei., vol. 3, No. 2, 1878, p. 216. .
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Log of insane-asylum well, St. Louis—Continued.

Thickness.| Depth.

Third Magnesian limestone [Gasconade] (838 feet):

Limestone and chert, drab, buff, and gray; chert beds probably include one- Feet. Feet.
half the Series. . ... . oi i 487 2,671
No chert from 2,671 to 2,735 feet; sand often abundant...................... 172 2,843
Mostly sandstone with a little ime in upperpart.. .. ... ... ... ..o..... 37 2,880
Limestone, mostly free from chert and sand..... ... ... .....oc.oioo.... 142 3,022
Third sandstone (98 feet):
Sandstone, dirty to blue and reddish-gray..........cocoiiiiimiioaraniiana. 98 3,120
Fourth Magnesian limestone (384 feet):
Dark magnesian slate.. .. ... ... 13 3,133
Yellowish-drab or gray magnesian limestone, hard, with little sand; the
lower 66 feet is thin bedded and dirty reddish-gray, with some sandy beds. 371 3,504

Potsdam sandstone (54 feet): -
Mostly hard, thin-bedded sandstone, dark olive-gray in color, consisting of
white and black grains 41 3,545
Sand and limestone. ... ... .. liiiiiiiiiiiaa.. 13 3,558
Mostly granite (285} feet):
Brown sandstone near upper part, the lower mostly granite; the lower 40
feet is a hard red rock and is certainly powdered granite......... ... ... 2854 3,843%

Broadhead says:®

‘When the borings began, the water in the well stood at 40 feet below the surface; at
134 feet an 8 or 10 inch opening was struck and the water sank in the well to a depth
of 128 feet. Salt water was obtained at 1,220 feet. At 1,225 and 1,262 feet from the
surface a strong petroleum smell was recognized. Sulphur water was reached at 2,140
feet. At 2,256 the water in the sand pump indicated 3 per cent of salt; at 2,957, 43
per cent; at 3,293, 2 per cent; at 3,367, less than 2 per cent; at 3,384 feet, 3 per cent,
and below 3,545, 7 to 8 per cent.

Experiments with a Fahrenheit registering thermometer indicated the following:

Temperature at different depths in insane-asylum well, St. Louis.

Depth. Temper—' Depth. Temper-

ature. ature.
Fect. °F. Feet. °F
3,127 106 3,604 105
3,129 107 3,641 104.5
3,264 106 3,728 105. 5
3,376 106 3,800 105
3,473 105 3,837 105
3,533 106 {

It is to be regretted that no tests of temperature were made above these indicated
depths.

Inboring to the depth of 833 feet the drill was often observed to be highly magnetized,
but after passing that depth no further influence was observed.

@ Op. cit., p. 221,
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At the corner of Forest Park boulevard and Vandeventer avenue
is a well owned by the Welle-Boettler Baking Company and drilled by
Ed. Meloy and A. W. Dickinson. The following log was furnished
by Messrs. M. L. Fuller and S. Sanford:

Log of Welle-Boettler Baking Company well, St. Louis.

! |
| Thickness. ' Depth.

I
Feet. Feet.
32T 20 20
Clay, gray, soft . . . e .. 20 40
Sand and gravel. ... .. L. i .. 20 60
Shaly limestone, gray, hard, little water.. ... . ... ... ... .. 20 80
Limestone, hrown, soft . _ ... .. .. ... .. 20 100
Limestone, gray, hard, sharp. ... ... . ... .. 20 120
Limestone, gray, soft . .. ... ... .. 20 | 140
LAMASTONE . . . s oo oo oo oo T .. 100 240
Shale, light, soft. e e e e e e e .. 20 260
Limestone, gray, hard ..o . 5 265
Broken linestone and shalc, gray.soft. .. ... 15 280
Limestone, gray, soft . .. 10 290
Limestone, gray, hard . 55 345
Limestone, gray, soft . G 405
Limestone, gray, hard . 35 440
Limestone, hght bard 20 460
Limestone, flint, gray, ve 10 470
Limestone, hght gray, hard. ... .. 15 485
Shale, gray, soft @ . L. .. 5 490
Limestone, gray, hard e ... ... il .- 20 510
Shale, dark red, soft, showing of oite ... . ... ... ... ... .. 20 530
Limestone, gray, T DR .. 35 565
Limestone and shale cave, gray, hard; hole caved badly .............. .. 35 600
Shale, black, soft: little Ol - ...\ .. oeeeeeee .. 20 620
Limestone, Trenton, brown, soft; little oil 30 650

@ 490 to 565 feet probably Kinderhook.

The St. Louis Transit Company sunk six deep wells at the corner
of Park and Vandeventer avenues, four in 1899 and two in 1900.
These varied from 500 to 800 feet in depth.? No records were pre-
served. One well was sunk to a depth of 500 feet, and later, in
December, 1904, it was continued to 700 feet, when it was ‘“shot”
with 100 pounds of dynamite in the hope of obtaining gas. The
water from all these wells was strongly saline and impregnated with
sulphureted hydrogen. As it corroded the boilers, the wells were
abandoned. Water stands within 100 feet of the surface.

In 1895 the same company drilled a well at its station near the
power house, on the corner of Jeflerson street and Geyer avenue, to a
depth of 1,400 feet. Strong sulphosaline water rose within 6 or 8
feet of the surface.

The following analyses were furnished by Mr. Edward D. Smith,
the analyst and date being unknown.

a The writer is indebted to Messrs. Edward D. Smith and Charles P, Gregory for information relat-
ing to these wells.
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Analyses of water from wells of St. Louis Transit Company, Park and Vandeventer
avenucs, St. Lows.o

WELL BACK OF OFFICE.

Parts per million. Parts per million.
Silica (810g) ..ot 18 Sulphate radicle (SO . ......... 163
Iron and alumina oxides Chlorine (C1) ... ... i a. 39
(Fey03+-ALO,) Lol 5.2 5852
Calcium (Ca)................... 134 . . m5' -
Magnesium (Mg). ... ......... 28 Res}duc on ?Va.pf)mtlon ......... 6 ‘/0
Sodium (Na) - - oo 25 Residue on ignition. ......o...... 530
Carbonate radicle (COy).......... 173

WELL SOUTH OF RAILROAD TRACK.

Parts per million. Parts per million.
Silica (SiQ) .. . ... 2 Sulphate radicle (8O, ......... 113
Iron and alumina oxides Chlorine (Cly ..o o 28

(Fe,0;+ALO,) oo 1.4

Caleium (Ca) . .................. 104 138. 4
Magnesium (Mg)................ 19 Residue on evaporation. ........ 490
Sodium (Na) .. ..oooveoene.. 20 Residue on ignition.............. 100
Carbonate radicle (COy) ... ... 13

DEEP WELL SOUTII OF RAILROAD TRACK.

Parts per million. Parts per mallion.

Silica (8i0g). .. ..o 13 Sulphate radicle (8O . ... .. 146
Iron and alumina oxides Chlorine (Cl) . ... ... ... 32

(Fea03+ALOg) ool Trace. 497
Calcium (Ca). ... ... ......... 118 . .
Magnesium (Mg)................ 23 Residue on evaporation . ........ 533
Sodium (Na) - - neoeeeoeen 20 Residue on ignition.............. 415

o o 2

Carbonate radicle (CO;).......... 145 Suspended matter. .............. 210

In 1903 the St. Louis Athletic Club sunk a well to the depth of 580
“feet. No record was kept, and no analysis of the water has been
made. It is stated that dmlhng stopped in a soft yellow sandstone.
The water, which is saline, is pumped into the club’s large swimnring
pool by a Worthmgton pump.

Numerous other wells have been sunk in St. Louis and vicinity
to depths varying from 200 to 1,800 feet. In all cases saline water
was obtained, and the largest supply came from the St. Peter sand-
stone at a depth of about 1,500 feet.

The Anheuser-Busch Brewing Company has two wells which have
been abandoned, because of the corrosive action of the water on the
boilers. At the Grone brewery, Twenty-third street and Clark ave-
nue, water was found in the St. Peter sandstone at a depth of 1,450
feet. In June, 1904, the Belz Packing Company sunk a well on its
property at 3600 South Broadway, and found water in the St. Peter
sandstone at a depth of 1,500 feet.

a Expressed hy amalyst in grains per gallon; recomputed to jonie forna and parts per million at United
States Geologieal Survey,

-
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One and one-half miles southwest of St. Louis, in block 2136, St.
Louis County, is a well owned by the Bambrick Constructicn Com-
pany and drilled by H. Steinsick. The following log was received
from Messrs. M. L. Fuller and S. Sanford: '

Log of Bambrick Construction Company well, near St. Louis.

Thickness. | Depth.

Feet. Feet.
Dark-gray shaly oolitic limestone 180

Light-gray limestone, with miuch chert 80 260
Light-gray limestone, crinoid remains. 44 304
Light-gray cherty limestone..... ... 71 375
Light-brown cherty limestone...... . 23 398
Light-grayish crinoidal limestone.. ... e iiiiiaiiio. 18 416
Gray shaly limestone....... ... .. .. ... ... ... e 30 446
Light grayish-brown massive lunestonr, Kinderhool. ... oo oL 62 508
Brown, sandy limestone, Chemung. . ... ... ... ... ... .. ........ 27 52.,
Black limy shale...................... . 173 708
Light brownish-gray limestone 78 786

ST. FRANCIS MOUNTAINS DISTRICT.

The St. Francis Mountains district includes the southeastern part
of the State, with the exception of the swampy region. Portions of
the following counties are within its borders: Jefferson, Washington,
St. Francois, Ste. Genevieve, Iron, Reynolds, Madison, Perry, Cape
Girardeau, Bollinger, Wayne, and Carter, The catchment area for
most of the flowing wells in this distriet is in the St. Francis Moun-
tains. Flowing wells are located at or near the following places: De
Soto, Jefferson County; Bismarck, St. Francois County; Pilot Knob
and Ironton, Iron County; Fredericktown, Madison County; Poca-
hontas, Cape Girardeau County, and Grandin, Carter County.

CAPE GIRARDEAU COUNTY.
BURFORDVILLE.

In Burfordville, Cape Girardeau County, in sec. 32, T. 31, R. 11,
is a well owned by J. H. Estes and drilled by Henry Bresuke. The
following log was received from Messrs. M. L. Fuller and S. Sanford:

Log of Estes well, Burfordville, Cape Girardeauw County.

Thickness. | Depth.

Feet. Feet.
) 1 30 30
Sandrock...........o..oiioiiaiiiil.l. .. e 3 33
Limestone; water comes in on top 10 43
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POCAHONTAS.

In Pocahontas, near the center of sec. 31, T. 33; R. 13, is a well
owned by Thomas D. Hope. Depth, 62 feet; casing, 6-inch; flow,
weak; date of completion, May, 1903; drillers, Steimel & Reid, Jack-
son; cost of well, $100; surface formation, Hudson group. The
water flowed from a clay opening immediately under 50 feet of solid
limestone. No variation in pressure has been noted, and pumping
merely stops the surface flow. The water is hard, cool, agreeable to
the taste, and is used for all purposes.

CARTER COUNTY.
GRANDIN.

Four wells were drilled in Grandin on the land of the Missouri
Lumber and Mining Company, in sec. 11, T. 25, R. 2 E, on low ground
and near a stream. Through the courtesy of Mr. C. C. Sheppard,
superintendent of the company, the writer received a set of drill
samples and data from well No. 3 of this group, from which the accom-
panying log was obtained. One of the wells flows, and the other
three stand full. Well No. 3 is 206 feet deep; altitude above tide,
about 580 feet; casing, 8-inch, 18 feet to rock; date of completion,
1900; cost of well, about $400; surface formation, probably Bonne-
terre limestone. The principal source of water was reached between
140 and 160 feet, in a limestone rock that was much seamed and
fissured. This and the other wells of the group were drilled to sup-
ply good water for boiler purposes. Each well will furnish about
50,000 gallons when pumped for twenty-four hours, and the supply
is not diminished. The water is hard, pure, and cold. One of the
wells was sunk to a depth of 320 feet, but the record was not preserved.

Log of well No. 3, Grandin, Carter County.

!

’ Thickness. ‘ Depth.
Pink siticeous Limestone (dolomite), with mammillary quartz cavites ead somae Tect. Feet.
CHCeOUS PATtICLeS . . L. L e iieieaeaann 64 64
Light pinkish-gray siliceous dolomite, increase in silica. .. 17 81
Same, with some chert; more siliceous 20 101

Similar, but finer grained, more angular particles, with inereasc of vhite chert
ANd ST . e e iiiaiimieiieaaaaas 30 131

Similar, highly siliceous, with some white chert...... 10 141
Similar, some white chert, small cavities in particles. . 10 151
Decided change; large angular fragments of light-gray

no chert. . 10 101
Gray, coars ous

R e T 10 171
Finer grains of highly siliceous pink dolomite merging into pink guart .- 20 191
Limpid, milky-white to pink quartzite and highly sil:ieeous dolomite...... ... 15 206

This well is all in one formation, and probably near the base of the
Bonneterre limestone or Fourth Magnesian limestone of Swallow.

IRR 195—07——12
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IRON COUNTY.
IRONTON.

The records of two nonflowing wells at Ironton, Iron County, are
as follows:

The Ironton Manufacturing Company well was drilled by T. J.
Lemaster, of De Soto, in 1902, to a depth of 300 feet, with a 6-inch
bore. The main source of water was found at 100 feet, but other
water-bearing beds were found at 15, 75, 150, and 200 feet. The
water, which contains iron and sulphur, rises within 5 feet of the sur-
face, whence it is pumped to a feed boiler. The well cost $350.

The Clark Manufacturing Company has a well, drilled in 1900,
which is situated in a valley. It has a 6-inch bore and is 305 feet
deep. The main source of the water was found in the rock at 301
feet. Water rises to the surface, but does not flow. It is hard, con-
tains a little sulphur and iron, and is used for boiler purposes. It is
lowered 20 feet by pumping.

PILOT KNOB.

Several prospect holes sunk by the Iron Mountain Company near
Pilot Knob with a 11-inch diamond drill, about 1890, have resulted
m flowing wells. The first one of these is located half a mile north of
Ironton, close to the west side of the St. Louis, Iron Mountain and
Southern Railway. It has a feeble flow of slightly chalybeate water,
with a temperature of 56° F. when the air temperature is 78° F.
Another well about 1,000 feet north of this one raises the water about
2 feet above the surface, whence it is conveyed to a public watering
trough. About 1,000 feet still farther north is another well that
raises the water about 4 feet above the ground and also supplies a
watering trough. The temperature of this water is 59° F. when the
air temperature is 78° F. One-half mile west of the last-named well,
and just west of the Old Fort, is another feebly flowing well of chaly-
beate water. A quarter of a mile northeast of this is the last well of
the group. All records of depth have been lost. The rocks dip to
the west from Pilot Knob.

JEFFERSON COUNTY.
DE S0TO.

The town of De Soto is situated in a valley near the head of Joachim
Creek, at an altitude of 498 feet. Its main street runs parallel with
the St. Louis, Iron Mountain and Southern Railway, and a number
of deep wells are sunk along both sides of this street. The owners,
location, and depths are as follows:

1, James Hopson, No. 1, Pratt and Second streets, 265 feet; 2, Electric Light Com-
pany, Main street, about 200 feet; 3, Sherluck’s mill, East Second and Clement streets,
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about 200 feet; 4, Crawford lumber yard, East Clement and East Third streets, 235
feet; 5, Hammel Lumber Company, Boyd and Second streets, 310 feet; 6, John Hop-
gon, Main and Plattin streets, 185 feet; 7, James Hopson, No. 2, Main and Miller streets,
225 feet; 8, Packing house, East Third and Milter streets, 190 feet; 9, R. M. Booth,
Fast Main and Pratt streets, 200 feet; 10, S. W. Crawford, Main and Easton streets,
200 feet; 11, G. Hammel, Main and Williams streets, 300 feet; 12, John L. Rouggly,
Main and Stone streets, 300 feet; 13, 14, City Water Company, pump house, 300 feet;
15, W. J. Manthes, 265 feet; 16, Commercial Hotel, Main street, about 200 feet: 17,
.Herman Hammel, Main street hetween Clement and Mineral streets, about 200 feet;
18, Dr. H. E. Zorn, Main and Mineral streets, 200 feet; 19, George Mann laundry, Main
and Stewart streets, 200 feet; 20, Herman brickyard, three-fourths mile north of city,
about 200 feet; 21, Electric-light plant, 185 feet.

These wells are nearly all 6-inch drill wells, generally cased with
4-inch casing to a depth of about 150 feet. No. 3 has ceased to flow,
the water probably wasting, as the casing is only 80 feet deep. No.
10, the Crawford well, and No. 11, the Gus Hammel well, have both
ceased to flow, owing to the fact that other wells seem to have tapped
their source. No. 12, the Rouggly well, supplied the drinking water
for the Louisiana Purchase Exposition. Nos. 13 and 14, the City
Water Company wells, flow about 70,000 gallons in twenty-four
hours, and these, when pumped, cause a number of other wells in
the neighborhood to stop flowing. Nos. 16, 17, 18, and 19 have all
ceased to flow. ~

James Hopson sunk his first well in 1886, on the corner of Pratt
and Second streets, in the endeavor to find soft water for the boiler
at his mill. The first flow was obtained at a depth of 100 feet; the
second, which raised the water 17 feet above the surface, was reached
at a depth of 225 feet. The temperature was 58° F. when the air
temperature was 83° F. This well and mill are now owned by
Henry Lupp.

One well was sunk on a hill 97 feet above Main street to a depth of -
328 feet. Water rose within about 80 feet of the surface, a level
corresponding to that of the flowing wells which are situated at &
lower point. The third well sunk in the city was the packing-house
well. The surface at this point is about 10 feet below the general
level of the town. A strong flow was struck at 115 feet, with a sec-
ond flow at 190 feet. These two flows are separated by two pipes.
The first comes from a sandstone, probably the Roubidoux, and the
second from the Gasconade limestone. The surface formation is the
Jefferson City limestone.

The flow of all the wells in this vicinity, included in a valley about
a mile long and half a mile wide, is affected, in one way or another, by
various causes. For example, the John Hopson well, No. 6, situated
about 1,200 feet northwest of the waterworks wells, stops flowing
when the latter are being pumped. As soon as the pumping is dis-
continued the Hopson well flows again at an abnormally rapid rate.
When the Crawford well, No. 10, was sunk, it had a good flow, but
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when the Gus Hammel well, No. 11, was put down, the Crawford
well stopped flowing until the Hammel well was shut off, the latter
being 12 feet higher than its neighbor. The wells in the southern
part of the town have the strongest flow, and since so many have
been sunk in this vicinity most of those to the north have ceased
flowing.

The regional dip of the rocks m this district, from Bismarckto
De Soto, is from the St. Francis Mountains to the northeast. This
fact, together with the peculiar phenomena connected with the flow-
ing of the wells, seems to indicate that the catchment basin for this
De Soto group is in the St. Francis Mountains.

One mile up Joachim Creek from De Soto is a large spring which
comes to the surface with a strong flow, bringing with it fine white
~sand, and it is probable that this spring is one of the natural outlets
of the artesian pressure from the Roubidoux sandstone.

All the wells in the De Soto basin show signs of decreasing pressure.
This is undoubtedly because of the escape of waters through crevices
in the rocks, due to bad casing, and because so miany wells have been
sunk within the limits of so small an areca. The expense of drilling
in this region varies from $1.50 to $2 per foot; generally about $1
for the first 100 feet, $1.50 for the next 100, and $2 for the third 100
feet. The water is clear, cool, and pure, containing a little iron.
The temperature varies from 56° to 57° F. That of the waterworks
well is 56° F. when the air temperature is 80° F. The city is replac-
ing the old waterworks plant with one more modern, to supply which
two wells a few feet apart, both with a 10-inch bore, have been sunk.
A pump house has been erected and a pump is being placed for the
purpose of raising the water to a reservoir that is being built on a
hill 220 feet above the city. This will provide De Soto with one of
‘the best and purest water supplies in the State. No analysis of these
waters has ever been made.

It is stated that at Hematite, 8 miles north of De Soto, a prospect
hole drilled to a depth of 300 feet struck flowing water.

MADISON COUNTY.

FREDERICKTOWN,

On the farm of Mrs. Emma Copeland, in the NW. 1 sec. 2, T. 33,
R. 7, near Mine La Motte, is a diamond-drill well sunk about 1900
to a depth of 300 feet. The water flows feebly about 3 feet above
the surface. It is elear and cold, and is used for stock purposes.

Four wells were bored on the Sheldon estate, in sec. 25, T. 34,
R. 7, to a depth of about 300 feet each, by Mr. H. R. Amling, of
Fredericktown. They all had a strong flow, but when the casing
was pulled out they filled up and stopped flowing.
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On the farm of F. M. Griffin, in the NW. 1 sec. 14, T. 33, R. 7, a
well was bored in March, 1905, to a depth of 304 feet. Water rises
5 feet: above the surface. It is clear and cold, and is used for stock
purposes. -

In the NW. 1 of sec. 16, T. 33, R. 7, a well was sunk by the North
American Mining Company to a depth of 300 feet. It has a feeble
flow.

All the wells at Fredericktown are situated on the west side of a
dividing ridge of the St. Francis Mountains, and the rocks dip to
the southwest.

PERRY COUNTY.

PERRYVILLE.

The Perryville Ice Company compleved a well to a depih of 386 .
feet, with a 6-inch bore, cased to the bottom. This is located a quar-
ter of a mile east of Perryville. Water was oblained in an opening
at a depth of 60 feet, probably an underground stream. Pumping
does not change the tevel. The water is soft, and is used for boiler
purposes and in making ice. Rock was struck at a depth of 14 feet,
and with the exception of the crevice opening at 60 feet, solid lime-
stone continued to a depth of 300 feet. :

ST. FRANCOIS COUNTY.
BISMARCK.

Bismarck is situated in a basin with outeroppings of porphyry on
the west, south, and east. Several flowing wells are located in or
near the town. The catchment basin for the group is in the por-
phyry hills to the west and south.

One of the Tullock wells is situated in sec. 16, T. 35, R. 4. Ttis 313
feet deep and flows about 3 gallons per minute. It was drilled by
Ben Hoskins, of Central, in 1901, and is 120 feet below the railway
station at Bismarck, according to the barometer. The water is clear,
fairly soft, and has a temperature of 56° F., the air temperature being
75° K. This is a diamond-drill well, with a 1%-inch bore, and was
drilled by the Iron Mountain Company. It goes 20 feet into granite.
Mr. Tullock’s second well was sunk in 1891, by the same company,
in sec. 17, T. 35, R. 4, to a depth of 240 feet. It is 15 feet higher than
the first well, according to the barometer. The casing was drawn
out of this well, and the water wastes away at the surface. The rocks
in both cases dip to the west, away from the porphyry hills. Neither
the logs nor the analyses of these wells have been preserved. They
probably obtain water from the Bonneterre limestone.

The Stephen Fine well is situated 13 miles west and a little north
of Bismarck in a little valley close to a small branch, about 115 feet
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below the town by barometric measurement. It is about 180 feet
deep, and has the strongest flow of any in the group, raising the water
about 12 feet above the surface. The water is clear, pure, and cold,
having a temperature of 56° F., when the air temperature is 80° F.
This well, like the two preceding, probably obtains water from the
Bonneterre limestone. The rocks dip to the wesi. About 150 feet
distan® from this well is another which flows feebly in wet weather.

The John Neujus wells are situated in the NE. 1 lot 2, sec. 5, T. 35,
R. 4. They were drilled in 1894 and 1901 with a 1%-inch diamond
drill. Barometrically, they are at the same altitude as the town of
Bismarck. They are about 250 feet deep, cased a few feet to rock,
and have a feeble flow reaching only about 4 feet above the surface.
The water commenced to flow at a depth of 90 feet. It is clear, pure,
soft, and cold, with a temperature of 57° F., the air temperature being
80° F. The wells are sunk within a few feet of each other in a little
swamp. Mr. Neujus stated that there are thirieen small springs
within a radius of 13 feet of the wells. He has built a fish pond
which is fed by these springs. Several other drill holes were sunk
in the immediate vicinity, at a surface altitude of 6 to 8 feet higher
than the wells just described. In them water stands but a few inches
from the surface. The Neujus wells are all probably in the Elvins
formation, and the rocks dip to the north.

A dmmond drill well, with a 13-inch bore, was sunk to a depth of
300 feet on the farm of William Gruner one-elghth of a mile south of
the Neujus wells. It flows only a part of the time, and then but
feebly

It is stated that two prospect holes sunk on Flat River, near Cen-
tral, flowed for a time.

SOUTHEASTERN SWAMP DISTRICT.
GENERAL ARTESIAN CONDITIONS.

The most interesting artesian district in the State, that of the south-
eastern lowlands, includes but a portion of the true swamp district,
which extends into the adjoining States of Illinois, Kentucky, Ten-
nessee, Mississippi, and Arkansas. This Missouri portion embraces
the followmg counties: Scott, MlSSlSSlppl, New Madrid, Stoddard,
Butler, Dunklin, and Pemlscot

The only ﬂowmg wells in the embayment region in Missouri are
those at Morehouse, New Madrid County, and Campbell, Dunklin
County, on the north and east sides of the embayment.

Attention has been briefly called to the fact that the Missouri low-
lands occupy the northwest corner of the great Mississippi embay-
ment. Into this cone-shaped trough empties the drainage of the
southeastern flanks of the Ozarks from Missouri, bringing a vasi -
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quantity of water, not only over the surface by means of the rivers
and smaller streams, but also through those porous aquifers, the
Cambro-Ordovician sandstones, cherts, and porous limestones, which
have a strong southeaslerly dip into this basin. That these rocks are
loaded with water is shown by the immense springs and underground
streams that everywhere abound in this region. In fact, some of
the largest springs in the world are found in close proximity to this
district. From the north comes the drainage from {he southern
flanks of the St. Francis Mountains and southern Illinois, the volume
of which is indicated by the interesting phenomena discussed in the
consideration of the well at Bentop, Scott County (p.179). From the
east is received the drainage from the plateau of western Kentucky
and Tennessee, the rocks all dipping strongly westward from the
central catchment basin of these two States.

This embayment region, which was largely eroded during later geo-
logic time, has been gradually filled from the south by Cretaceous,
Tertiary, and Quaternary deposits consisting, as is shown by the well
records of this district, of alternating layers of incoherent sands and
thick, tenacious clays, forming perfect water bearers separated by
impervious beds. These well records and cross sections also show
that the beds not only dip strongly toward the center of this basin
from each side, but that they thicken and dip strongly to the south.
Into these great deposits of sand a vast volume of water pours from
the west, north. and east, causing an immense artesian pressure; and
when it is remembered that the alternating impervious layers are not
solid rock, but thick beds of flexible, tenacious clay, underlain by
water-logged, incoherent sands, it is not difficult to understand why
this is a district of unstable equilibrium, subject to the disturbances
manifested in the frequent slight earthquake shocks which have pro-
duced numerous fissures and fault scarps throughout the entire region.

Flowing wells are confined entirely to the outer margin of the
embayment, as at Cairo and Mound City, I1l.; Hickman, Ky.; Dyers-
burg and Memphis, Tenn.; and Campbell, Morehouse, and Grandin,
Mo. Numerous deep wells near the center of the embayment do not
flow. This interior region of nonflowing wells is saturated with water
which is constantly coming to the surface in lakes, swamps, and
streams, and which is continually renewed from a deep-seated source—
a living supply, supporting the finest game fish. The escape of this
volume of water through fault cracks and fissures relieves the pressure
below, and thus tends to preserve an equilibrium and at the same time
creates conditions unfavorable to the existence of flowing wells.

The logs given on pages 175 and 177 indicate the frequent occurrence
of iron, iron pyrites, and lignite, which in decomposing produce in
the water such impurities as iron, sulphur, and small amounts of gas.
Chemical analyses show that water taken from wells near the edge of
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the basin is, as a rule, purer than that from those farther in, for the
reason that thewater in the outerwells, being nearer its source, has been
in contact with these substances for a shorter time, and consequently
is less impregnated with impurities than the waters that ere obtained
farther from the catchment area.

N BUTLER COUNTY.

POPLAR BLUFT.

At Poplar Bluff, Butler County, W. F. Alfrey sunk a well to a depth
of 517 feet. He states that the water rose within 15 feet of the sur-
face, and that a 12-horsepower punip could not lower it an inch. He
further gives the interesting fact that in 1892, after an earthquake
shock, the well was nearly ruined, there being at times hardly enough
water to run the factory. It is to be regretted that no log has been
preserved, either of this or of other wells at Poplar Bluff.

The ice factory has a well about 100 feet deep, the Oil Well Supply
Company one about 200 feet, the Missouri Pacific Railway one about
200 feet, and the Palmer Company one about 250 feet deep.

Mr. W. S. Randall, postmaster at Poplar Bluff, who furnished the
above data, also stated that in the bottoms, at a depth of less than
30 feet, the water is hard, impregnated with iron, and comes from a
black to reddish quicksand. Below 30 feet good water is obtained
from a white quartz sand. Most of the sand in the vicinity has well-
rounded globular grains. In this surface stratum of iron-bearing
sand are mounds of sand about 3 feet high and from 10 to 20 feet in
diameter, which are termed ‘““sand blows.” It is claimed that pipes
put down in these sand blows give a better quality of water—a sig-
nificant fact. This condition is very general through the Missouri
portion of the embayment district, the best water being obtained in
the white sand beneath the reddish surface sand. It is the custom in
this region to drive a galvanized-iron pipe with a conical strainer at
the end down into this white sand, from which a good water supply
may be pumped.

’ DUNKLIN COUNTY.

CAMPBELL.

At Campbell, Dunklin County, a well is located on the land of the
Campbell Lumber Company. Depth, 960 feet; elevation above tide,
about 310 feet; casing, 4-inch, to 910 feet; temperature of water,

2° F.; flow, 16 gallons per minute; date of completion, September,
1902; drillers, Johnson & Fleming, Memphis, Tenn.; cost, $3,000.
The principal source of water was found at 940 feet in sand, and
another water-bearing horizon was found at 145 feet. The water is
somewhat soft, though rather saline, and contains sulphureted hydro-



DUNKLIN AND NEW MADRID COUNTIES. . 175

gen. The following log of this well was furnished by Mr. Wm. B.
Johnson,* of Memphis, Tenn.:

Log of well of Campbell Lumber Company, Campbell, Dunklin County.

Thickness.| Depth.

Loess? (112 feet): . Feet. Feet.

Yellow clay, a little darker than that on Crowleys Ridge.................... 112 112

Lafayette (43 feet):
o« yargge sand and gravel; thesand has many white, loamy clay nodules mixed 5 155
4T T
Lagrange formation (785 feet):

Very hard black and brown clay or marl, with numerous very hard strata
from 1 to 23 inches thick, composed largely of iron pyrites. At some point
between 700 and 750 feet a bed of logs 10 or 12 feet thick was penetrated.
This clay differed fro:n any other bed struck in the bottoms in containing
no sand strata, and not even a trace of the ‘'gray sand’’ found in other
Wells Was noted. .. ..o e 785 040

Ripley sands (20 feet):

Very fine black sand, with a large percentage of miea in small grains. Water
headed about 7 feet above surface and flowed 16 gallons per minute had :
brackish taste. ... . ... ... i 20 960

The water from this ‘well is used for boiler and drinking purposes.
It is probable that the bottom of the well is not far from bed rock.

NEW MADRID COUNTY.
MOREHOUSE.

In Morehouse, New Madrid County, in sec. 31, T. 26, R. 13, is a
well owned by the Himmelberger-Harrison Lumber Company.
Depth, 780 feet; altitude above tide, about 330 feet; casing, 10-inch
pipe at top, 63-inch casing at bottom; flow, 200 gallons per minute;
date of completion, summer of 1902. This well was drilled through
the estuary deposits to solid limestone. The pressure raises the
water 18 feet above the surface, and no variation has ever been
noted. Though the water is somewhat saline, it is used for drinking.
The accompanying log and some samples of drillings for study were
furnished by Mr. John H. Himmelberger:

Log of well at Morehouse, New Madrid County.

Thickness. | Depth.

oess eet): eet. eet.

L (30 £ Fe Fo
L, 30 30

Lagrange (218 feet):
[80E BT £ T 110 140

Gravel. ... .o e 10 150
Gumbo, or brown clay. O 40 190
Brown quicksand. ... ... 40 230
GO . L e 10 240
Cemented gravel. . .. i 8 248
Porters Creek (Eocene) (218 feet) .
GUIMIDO. . . e 197 445
ROCK. e e e 1 446
GUINDO. . Lttt ettt e e e e e e 20 466
Ripley sands (Cretaceous) (224 feet):
Fine white sand . . .. ... ... .. i A 224 690
Cambrian (probably Gasconade limestone) (90 feet):
Limestone 40 730
T8 116 1 7T T 15 745
Limestone, full of erevices and badly broken. ... ... ... ... .. ... 35 780

@ The writer is indebted to Mr. Johnson for many favors and much valuable information in regard to
the wells of this district. The work of the geologist would be greatly facilitated if other drillers would
take as much interest in preserving data as has been shown by Mr. Johnson.
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The 30 feet designated as probably loess and the 110 feet of coarse
sand included in the Lagrange formation are doubtfully so placed.
The 90 feet of limestone and sandstone penetrated at the bottom is
a light-gray, highly siliceous, shaly rock, probably the Gasconade
limestone. This well record is a particularly valuable one, as it gives
the thickness of the estuary deposits at this point.

Morehouse is situated in what was probably one of the early chan-
nels of Mississippi River, and the 140 feet of sand and clay at the
surface may have had its origin as a river deposit. Mr. Himmel-
berger, in a personal letter, states that in going through the white
sand above the limestone, fragments of charred and decayed wood
were brought to the surface. He furnishes an analysis of the water
of this well, made at the Missouri State University.

Analysis of water from well at Morehouse, New Madrid County.e

N

Parts per million. Parts per million.

Silica (S10g) e cevee e 12 | Sulphate radicle (SO, . ...... ... 123
Calcium (Ca)....... ... e 208 | Chlorine (Cl)..... ... ... ... ... 1,437
Magnesium (Mg)................. 55

Sodium (Na). ................... 649 2,484

The following log of this well, furnished by Mr. Otto Kochtitzky,
of Cape Girardeau, varies slightly from that given by Mr. Himmel-
berger: )

Log of well at Morehouse, New Madrid County.

Thickness. | Depth.
Feet. Feet.
Sand and fine gravel. ... ...l 66 66
Coarse sand. .. 40 106
Sand_......._. 35 141
Black soapy cl 9 150
Dark-blueclay..... 22 172
Blue clay and sand. .. 65 237
Sand and elay........... 20 257
Sand and blueelay..._......._. 22 279
Blue clay. except 1 foot of shale 148 427
Sand. except about 2 feet of gravel on linestone bed. . ... 269 696
LAmestone. . .. 90 786

NEW MADRID.

A well was sunk at New Madrid by the Mississippi River Commis-
sion in 1881. About 20 borings were made in the vicinity, two of
which extended to a depth of over 200 feet, but none of them resulted
in flowing wells. Mr. Henry Moss, who was a member of the Com-
mission, stated that a great many wells were sunk all along the river
from Listers Island, 20 miles north of New Madrid, to Fort Pillow,

a Expressed in grains per gallon and hypothetical combinations; recomputed to ionic form and
parts per million at the United States Geological Survey.



. NEW MADRID AND PEMISCOT COUNTIES. 177

near Osceola, 90 miles south of New Madrid. Most of these were
about 200 feet deep, and none of them less than 125 feet. Whenever
these drill holes penetrated through the clay layer into the deep sand,
water and sand would shoot up to a height of 30 or 40 feet in the
pipe, the sand clogging the pipe in the bottom. The following is
the log of well No. 9,2 at New Madrid, which was begun about 12
feet above high-water mark:

. Log of well near New Madrid, New Madrid County.

Thickness.| Depth.
Alluvium and possibly some Lafayette (64.3 feet): Feet. Feet.
Sand, gray ahove and light brown and more clayey below._.......__.. .- 1 4
Clay, blue above and sandy below. ... ... .. ... ... ... ..., s 1.6 35.6
Sand, dark gray, containing particles of lignite and layers of blueclay...... 9.4 45
Gravel, with some sand and lumps of lignite and decayed wood............. 19.3 64.3
Lagrange (149.7 feet):
Clay, blue, containing wood showing fiber.................ooo.ooiiiiia. 5 69.3
Sand and gravel....._....... e e eeeaeeame e aaaeaanaan 17.3 86.6
Sand, thin layers of clay, interstratified with some gravel e 24.3 110.9
Clay - 20.3 131
Sand, yellowish and reddish, interstratified with thin layers of yvellowish
and grayish pebbly Clays. ... i 40.2 171.2
Clay, DrOWIL . . e aiieeiaaaaas 10.8 182
Sand, gray et aeeeaeeau e 17.6 199.6
Clay, gray, with thin layers of fragments of lignite. .. ... ... .. . .. ... ... 1.4 201
Sand, gray, with few thin layersof grayeclay. .. ... .. . .. . .......... 13 214

Another well sunk to a depth of 207 feet had a similar section. A
strong body of water was found in the lowest gravel, below 192 feet.

PEMISCOT COUNTY.
CARUTHERSVILLE.

The city waterworks well at Caruthersville, Pemiscot County, is
located in sec. 13, T. 18, R. 12; depth, 428 feet; altitude above tide,
280 feet; casing, 5-inch to bottom; temperature of water, 60° F.; date
of completion, March, 1903; drillers, Johnson & Fleming, Memphis,
Tenn.; cost, with pumping machinery, $2,500. Water was struck at
25 feet, but the principal supply was found at 268 feet, from which the
water rose within 10 feet of the surface. It is pumped into a stand-
pipe 100 feet high by two Gardner pumps and distributed by 44 miles
of 4, 6, and 8 inch mains. The pressure is 75 pounds, which may be
increased to 120 pounds for fire purposes. A daily consumption of
500,000 gallons does not affect the supply. The water contains a large
amount of iron and is objectionable to some on account of the yellow
precipitate. The mouth of the well is 25 feet above Mississippi River,
just north of the city, and the water level is influenced by the rise and
fall of the river, although it is normally higher than the river level.

a Miss. River Comm. Rept. of Progress, 1881, p. 180.

-
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Two analyses of the water from this well have been made. The one
here given was furnished by Doctor Bye mayor of the city, who
has also supplied other valuable data in I'e}g&rd to this region:

I
Sanitary analysis of Caruthersville city water.

[Analyst, Dr. R. B. H. Gradwohl, 8t. Louis.]
I

Parts per million. | Parts per million.
Nitrogen as free ammonia........ 0.06 | Oxygen consumed. .............. 2.5
Nitrogen as albuminoid ammonia. . . 082 | Chlorine. . ............ S 6
Nitrogen as nitrites. .. .......... 0 Alkahmty ...................... 100
Nitrogen as nitrates.._......._... .22 | Total s olﬁds S b1

The test for iron shows but a trace—about 3 parts per million. This represents a
fairly good drinking water. i

The amount of iron given in this ana}ﬁsis is manifestly incorrect.
The water probably stood for some time, which allowed the iron to
precipitate. Doctor Byers states that another analysis, now lost,
gave over 34 parts of iron per million.

A well at the oil mill in Caruthersville, 385 feet deep, furnishes water
that is apparently of the same character as that from the preceding
well and is used for steam purposes.

The ice-factory well was first sunk to the depth of 715 feet. The
casing was afterwards pulled up and a strainer put on at 416 feet,
much better water being obtained. The log of the well given befow
is furnished by Mr. W. B. Johnson, who states that the formations in
all the Czruthersville wells are uniform:

Log of ice-fuctory well, Caruthersville, Pemiscot County.

Thickness.| Depth.

Feet. Feet.
Biack sandy loam, shading tosand. ... .. ... ... . ... ... 19 19
Sand and gravel, practm.zuy same as river st ( . 154 173
Very hard blueclay.................. 32 205
- Very soft blue clay, mixed with sand .. 175 380
Gray sand, mixed with Hgnite... ... .. . ... 335 715

’

Mr. Johnson stotes that drilling was stopped in this gray sand at 715
feet, and that as no change was found the pipe was pulled back and
the strainer put on at 416 feet. The well yields 400 gallons per minute
by pumping.

RIPLEY COUNTY.

NAYLOR.

A deep wellis reported near Naylor, Ripley County, in sec. 33, T. 22,
R. 4 E., on the property of the Doniphan Lumber Company. This
was sunk to a depth of 990 feet. The log was not preserved. An
abundance of water was found all the way down, and all efforts to
case it off proved futile. The well was drilled for gas. When it was
sbandoned the water stood at the surface.
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SCOTT COUNTY.
BENTON.

In the northeast corner of the public square in Benton, in sec. 13,
T. 28, R. 13 E., is a well owned by the county. Depth, 1,500 feet;
altitude above tide, 470 feet; casing, 6-inch, to 160 feet; temperature
of water, 60° F.; of air, 80° F.; date of completion, December, 1904;
driller, Charles S. Wise, St." Louis; cost, with pumping machinery,
$10,000. This well was put down by the county court in order to
provide water for the court-house and jail. Benton is situated
more than 100 feet above the level of the swanip country—an isolated
elevation that was formerly joined to Crowleys Ridge. The prin-
cipal supply of water was found between 1,200 and 1,500 feet. One
of the very interesting peculiarities of this well is the fact that though
drilling was very hard between the limits just mentioned, not more
than a quart of the cuttings could be secured. The water supply
seems to come from crevices in the rock, and the last cuttings obtained
were from a depth of 1,440 feet, though the well is 1,500 feet deep.
Evidently a very large body of water flowing through these crevices
carried off the drillings. This strong flow is from the north toward
the artesian basin, as is shown by the dip of the rocks in the sur-
rounding region—asignificant fact, that isagain referred toon page 173.
Other water-bearing beds were found at depths of 150, 180, 480, and
600 feet. The water stands in the well at about 120 feet from the
surface, and a 4-inch pump, worked continuously for three days, did
not affect the level.

The writer is indebted to Mr. Albert De Reign, water commissioner
of Scott County, for a carefully kept record of this well, for samples
of drillings, and for much information resulting from his close obser-
vation of artesian conditions in this locality. With reference to the
height of the water in this well, he states that the tubing, with a rub-
ber packer, was first inserted at 600 feet. Tt was then raised and a
test made at every joint, i. e., every 20 feet, resulting in no perceptible
difference in the height of the water. Then 1,460 feet of 2-inch
tubing was inserted in the same way. At this depth the packer was
sprung and all water from above satisfactorily cut off. After about
thirty minutes a test was made with a plumb line and the height of
the water carefully measured, both in the interior of the 2-inch tubing
and on the outside. This test showed that the water had risen 10
feet. Similar tests were then made as the tubing was raised at inter-
vals of 20 feet. At no joint, however, did the water rise higher than
at the 1,460-foot level. The present depth of water {rom the surface
is the same as when the first test was made, viz, 120 feet. Tt was
very difficult to control the water above 1,460 feet, from the fact that

there were several perpendicular and diagonal crevices, as well as
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cavities, leaving no smooth wall against which the packer at the end
of the tube could find lodgment to completely shut off other water.
From samples of drillings that were carefully preserved by Mr.
De Reign and sent to the writer, the following log of the well is given.
It is noticeable that no sandstone occurs below 475 feet, which
makes it very difficult to correlate the section. It is very probable,
however, that sandstone beds may have occurred, the drillings from
which were washed away in the last 300 feet, as already suggested.

Log of well at Benton, Scott County.

] Thickness.| Depth.
1
Tertiary (158 feet): i Feet Feet.
Clay, Yol oW . - oo i 55
Gravel, hard........_. 10 65
Iron ore, yell 30 95
Quicksand............. 36 131
Lithographic stone. brown, m 9 140
Quicksand and metamorphic sandstone 18 158
“ Richmond’’ and Kimmswick ? (272 feet):
Limestone, gray, meditm. . ... ... .. 22 180
Limestone, brown, medium; strong odors of gas. .. 50 230
Limestone, brown-buff, medium, with sand. .. .. ... ... ... ... ... 200 430
St. Peter sandstone (45 feet):
Sandstone, yellow, medium. ... ... ... L 8 438
Sandstone, gray, medium.................... 9 47
Sandstone, yellow, medium coarse 28 475
Jefferson City limestone (225 feet):
Limestone, blue, mediom. . ... ... ... ... ... S-S 95 570
Trenton limestone, brown, medium; gas odor.. .. 30 600
Limestone, blue, meditm. .. ... .. . o ..o iiaaaaas 30 630
“*Gypsum’’ (caleite?), white, soft; here 200 gallons of water per minute rose
within 100 feet of tOp. ... ... . . 20 650
Limestone, gray, hard... 5 655
Shale, black, medium 45 700
Roubidoux and Gasconade (540 feet):
Limestone, blue, gray, mediu.a 135 835
Limestone, %my, hard... 195 1,030
Limestone, blue, gray, ha ' 60 1,050
Limestone, gray, hard. .. 82 1,172
Limestone! blue, gray, ha 1 - sl 1180
Limestone, blue, hard..... R, 20 1,200
Limestone, buff, gray, hard . - .. ... ... ... ... . 40 1,240
Upper Elvins or lower Gasconade (200 feet):
Dolomite, brown, hard. ... .. .. ... ..l 80 1,320
Dolomite, gray, hard. ... 30 . 1.350
Dolomite, huff, hard. ... 15 ‘ 1,365
Dolomite, brown, hard.. 5 1,370
Dolomite, gray, hard.._.._.. 50 \ 1,420
Dolomite, brown, gray, hard 20 1, 440
Elvins (60 feet): ‘
Dolomite, black, hard. ... ...l 60 i 1,500

The last record was taken at about 1,440 feet, no drill cuttings
being obtainable during the remaining 60 feet, although the drilling
was hard.

A sample of the water from the Benton well was sent to Prof. Har-
rison Hale, of Drury College, who made a partial analysis, which is
given below. The water was taken from the well after continuous
pumping for three weeks.
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Partial analysis of water from well at Benton, Scott County. e

Parts per nullion.

Parts per million.
Calcium (Ca)d.. ... ........o..... 77 | Sulphate radicle (SOg) . ............ 0
Sodium (Nay. .....o..ooooiiiiaa.n 22
Carbonate radicle (COs)...... poessan 144 . 274
Chlorine (CD)oeveeeeneeae oo 31 ] Temporary hardness................ 260
Iron (Fe). . ..o oo i 0 | Permanent hardnf,ss ................ 0

WELLS OUTSIDE OF MISSOURI.
CAIRO, 1LL.

Several flowing wells have been sunk in the city of Cairo and imme-
diate vicinity. The writer is indebted to Mr. Otto Kochtitzky for
the following record of the well at the Halliday Hotel:

Log of flowing well at Halliday Hotel, Cairo, I11.

Thickness. | Depth.
Allavium (109 feet): Feet. | Feet.
Sand and Clay -e. oo e eeae—aaae 50 ' 50
RIVer 88N .. . 59 ! 109
Lagrange (237 feet): |
Sand and gravel. ... s 10 | 119
Whitesand.................... ... 176 | 295
Kaolin; first artesian water at 698 feet 6 | 301
Gravel and sand, mixed withiron. ... . .. ... .. ... ... ...l 45 | 346
Porters Creek (187 feet): |
Yellow clay - . 5 351
Kaolin 27 378
Shale......... 155 ¢ 533
Ripley sands (45 fe
Sand and cement gravel. .. .. ... ... .. ... 45 | 578
Mississippian (276 feet): |
Flintrock............... ... 19 | 597
Sand and cement gravel. 13 | 610
Flint rock............. 50 660
Sandand gravel ... . ... .. ... il .i.ioiilo... 20 | 680
Gray lime rock; second artesian waterat 792feet. . ... .. .. . ... ... ... 174 l S54

HICKMAN, KY.

At Hickman, Ky., is a well 917 feet deep, owned by H. A. Tyler.
It is 130 feet above the railroad and 133 feet above the high-water mark
on the Mississippi River gage. The following record was furnished
and the correlations made by Prof. Li. C. Glenn, of Nashville, Tenn.:

Log of Tyler well, Hickman, Ry.

Thickness. | Depth.

Loess (80 feet): Feet., Feel.

YelloW ClaY . . oot e e e 80 80
Lafayette (10 feet):

Soft SaMA . . e 10 0
Lagrange (627 feet):

Soft hlue Clay . oot 460 560

Very fine sand.. ] 556

Tuugh blue clay 144 700

Sand . .. e e 17 7

e Expressed by analyst in grains per gallon and hypothetical comnbinatiouns; recomputed to ionic
form and parts per million at United States Geological Survey.
b CO; given equals 192, calculated as all CaCOs.
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The section of a near-by hole, which is 850 feet deep, shows that
the lowest sands mentioned in the above log extend to a depth of at
least 830 feet.

DYERSBURG, TENN.

Messrs. Johnson & Fleming report the following section at Dyers-
burg, Tenn.:
Log of well at Dyersburg, Tenn.

Thickness. | Depth.

Lafayette (90 feet): Feet. ! Feet.

Conglomerate, mostly wash from the hillside . ... ... ... ... ... ... .... 42 42

Sand and gravel. ... i 48 920
Lagrange (538 feet):

Very hard blue and brown clay . ... .. .. 430 520

White clay, very sticky and hard to penetrate. ... . ... . ... ... ... 80 600

Coarse white sand, considerably tighter in color than the Memphis sand, hut !

similar to that in having small particles of ligniteinit. ... ......._... ... 28 \ 628+

The elevation of the well mouth is 1 foot above high water in
Mississippi River, 1897. The water rose to » height of 12 feet above
the surface and flowed 102 gallons per minute at the surface. It
was analyzed by Dr. Felix Paquin, city chemist, Memphis, and
pronounced very good and practically the same as the Memphis
water, though to the writer it seemed to contain more iron.

JONESBORO, ARK.

Deep wells have been reported ot Jonesboro, Ark., where it is
said that rock was struck at o depth of 1,200 feet, which gives the
depth of the embayment deposit. It is unfortunate that the logs
were not preserved.

MARKED TREE, ARK.

At Marked Tree, Ark., is a welt owned by the Chicago Mill and Lum-
ber Company, of Blytheville, Ark. The following record is furnished
by Mr. W. B. Johnson:

Log of well ¢t Marked Tree, Ark.

Thickness. | Depth.
Alluvium and Lafayette (2) (220 feet): Feet, Feet.
¢ Buckshot,” shading tosand...._.... .. ... ... ........... . 27 27
Orange sand and gravel. .. i . 193 220
Lagrange formation (clay, 146
Soft white clay. ... ..o .. 17 232
Veryhard blue dlay. ... ool . 63 295
Soft, sandy hlue clay with thin streaksof sand.. ... .. ... ._....... eeaan 71 366

Lagrange formation (sand, 32 feet):
Gray sand, same asat Memph s. .. ... ... .. .. .. 324+ 3984
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This is one of three wells made by Mr. Johnson at this point, all of
which had similar logs. When the gray sand was struck, water rose
within 3 feet of the surface. Three gallons per minute were pumped
on a test, this being the full capacity of the pump. The water has
been analyzed as follows, and reported excellent, with about the same
amount of iron as the Memphis water.

Analysis of water from well at Marked Tree, Ark.o

[Analyst, Felix Paquin.]

Parts permillion. Parts per million.
Silica (Si05). o oo 2.4 | Sulphate radicle (SO,)............ 4.7
Calcium (Ca). ... .. .. 9.4 | Chlorine (Cl).................... 5.3
Magnesium (Mg).............. ... .89
Sodium (Na) ... ... ... ... ... 3.5 39.19

Carbonate radicle (CO,) ........... 13
MEMPHIS, TENN.

At Memphis, Tenn., there are 141 artesian wells, most of them flow-
ing, mainly connected with the city waterworks system, which is one
of the best in the country. The following condensed information and
log, as well as samples of drillings, were furnished by Messrs. Lanhan
and Davis, engineers at the waterworks. Both the engineers state
that in these wells there is a continuous flow of fine sand, brought to
the surface by artesian pressure, from depths ranging from 450 to 600
feet. A brass strainer, with openings one one hundred and fiftieth of
an inch in width, is placed in the bottom of each well, and these are so
rapidly worn by the sand that they have to be replaced in from three to
five years, and every precaution has to be taken to keep this sand
from the valves and piston rods of the pumps. These wells are tapped
at depths varying from 40 to 60 feet and the water conveyed by brick
tunnels to a central reservoir at the pumping station. It is necessary
occasionally to clean the sand out of these tunnels. Recently one was
found nearly filled with it. A variation of 12 feet in the level of the
water in the wells has been noted between the wet and the dry seasons.
The temperature of the water varies from 60° to 62° F.

The section given below is the log of the deep well on Quinby street,
near Robinson, in which the water rises within 14 feet of the surface.

o Expressed by analyst in hypothetical combinations; recomputed to ioni¢ form and parts per mil=
lion at United States Geological Survey.

IRR 195—07 13
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Log of deep well No. 109 at Memphis, Tenn.

Thickness. | Depth.
Loess (45.4 feet): Feet. Feet.
1T 27 27
Hard brown Clay. ... .o ..ot 10 | 37
Slightly soft brown elay.. . ... . . . Il 8.4 45. 4
Lafayette (18 feet):
Gravel and Sand. .. ... ... o .. 4 49. 4
Soft brownelay and sand. ... ... ... 14 63. 4
Lagrange formation (clay, 213 feet):
Slightly hard brown elay. .. ... .. . it ie caaaan 12.5 76.9
S blue clay . - ... e 3 78.9
SOft DIUe Clay - . . o oot ieaaan | 4.4 83.3
S DIIe Clay - . - oottt it e 2.6 85. 9
Soft brown elay . .. ... .o i | 1 86.9
Hard brown elay . ... .. i ) 2 88.9
Hard reddishclay................ N | 1.5 90. 4
Hard blue clay . ... .. et ! 15.5 105.9
Soft DIUe Clay . - .o 15.1 121,
SHIHE DI QLAY . - - o oottt ittt . 1] 122
Soft brown clay. .. . . 4 126
Ratherhard brown clay. .. .. ... ittt e eeeieaean 1.3 127.3
S DIOWI ClaY - - - oot 1 128.3
Hard brown elay. .. ... . i I 8.7 135
D0 o e e ' 61 196
Rather hard blue elay . .. ... . i i 18 214
Hard blue elay . ... i 9 223
Sandy blue clay . . ...t ! 53 276
Lagrange formation (sand, 724 feet): i
Finesand and clay. ... ..l 27 303
Fine M. L et iieeiieiiaiaaann 35.4 338. 4
Fine sand and lumps of clay. .. . ... L e 416 380
Coarse sand and lumpsof elay... ... .. . . ... ... ! 10 390
SOft DIUe Clay - . oo e | 17 407
Sandy blue Clay . . .o e I 10 417
Fine sand and elay . . oottt iiaaaan 15 432
Sandy blueclay................... e e ieiitieiiaaans 42 474
Fine 8Tl oo o it 2.6 476.6
Sandy blte Clay . . ... 6.6 483.2
Fine samd . . .o .8 484
Coarse sand and €lay. . .. .. Lo 6 490
Soft blue Clay . . -t 2.3 492. 3
Fineclay and sand. ... ... ..l iiiiiiiiiiiaioio 17.7 510
Veryfinesand . .. ... IO 25 535
Very fine sand and Clay. ... .. .. it 38.2 573.2
Very fine samd. . ..o iiiiciiaaiaeeaaaas 16.8 590
Veryeoarse sand.. ... .. oo iiiiiiiiiiiiiiiiai.oo. B, 8 598
Lignite, iron pyrites, and clay. ... .. ..o 2 600
Very fine sand and lignite. ... ... L iiiiiiiiiiiiiaiiiiaan 195 795
Soft whiteclay..... .. 17 812
Very fine sand. ... 53 865
Hard brown clay. 31 896
Fine white sand.... 30 926
Hard brown clay . 24 950
Bt T N o N 50 1,000
Porters Creek (Cretaceous) (147.55 feet):
ST DTOWR €l Y. . .ot 25.6 1,025.6
Very hard substance. .5 1,026.1
Very stiff blue clay. ... ... e 121. 4 1,147.5
|

This well was a failure, so far as obtaining a satisfactory flow of
water was concerned, for the reason that no sand was found sufficiently
coarse to be checked by the strainer. This unusual condition is some-~
times encountered. Water flows more freely from coarse than from
fine sand, and, furthermore, coarse sand is less likely to pass through
the strainer than the fine, which seriously injures the pumping appa-
ratus.

The Lagrange formation consists of intercalated irregular alternat-
ing lenses of sand and clay, the clay predominating above and the
sand below. As a rule coarse sand is obtained in the Memphis dis-
trict at depths of 350 to 560 feet. Generally the sand is finer above
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and below this water-bearing layer. The water company is consid-
ering the question of sinking through the Porters Creek formation,
which is mainly clay, into the Ripley below, which is a water-bearing
sand. The following is a summarized section of the strata in this
southern part of the embayment:

Strata in embayment region in western Tennessee.

Thickness.
Feet.

B0 15- 27

Lafayette gravels . et eaiaeeeicataeieaaaaaaas 6~ 40
Lagrange formation:

150-200

Sand 800

Porters Creek clay, with supposed thin strata of limestone at bottom . 250

Ripley sand 200-300

Selma, clay 200-350

Butaw sand .. ... i ieieiaaeee e 250

The last three members of this section belong to the Cretaceous.
The Lagrange sands outcrop in the Tennessee hills east of Memphis
and form the catchment basin for the greater part of this area. The
main source of water in this belt is the bed near the middle or base of
the Lagrange sands. The water here is very pure, while farther west
and northwest it becomes less so, being impregnated with iron and,
in some places, with sulphur. At Jackson, Miss., a stronger flow of
still purer water was struck, which comes, it is stated, from the Ripley
sands below the Lagrange. The engineers at Memphis are confident
that a better quality and a stronger flow of water are characteristic of
the Ripley.

It is interesting to note in the above summary the alternation of
the impervious beds with the water bearers. The loess and the
Lagrange, Porters Creek, and Selma clays alternate with the porous
Lafayette gravel and Lagrange, Ripley, and Eutaw sands. It is
stated that the water from the Eutaw is always impure. The water
derived from these different formations is purer in proportion to the
nearness of the well to the catchment basin.

MISSISSIPPI COUNTY, ARK.

The following analyses of water from shallow driven wells in Missis-
sippi County, Ark., were furnished by Mr. W. B. Beckman, manager
of the Chicago Mill and Lumber Company, of Blytheville, Ark. They
are valuable in that they show the uniform character of the water
throughout this part of the embayment region. The wells are located
in sec. 9, T. 14, R. 9, at the foot of Big Lake.
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Analysis of water from 30-foot well near Big Lake, Arkansas.a

Parts per million. Parts per miltion.
Silica (S105). e eoevnan... e 40 Free ammonia...... e 0,04
Iron and alumina oxides (Fe,0;-- Albuminoid ammonia............. .06
ALOg) . L 1.5 | Nitrogen as nitrates...._.._._.._ .. Trace. _
Caletum (Ca)...................... 12 Nitrogen as nitrites........._..._. 0
Magnesium (Mg).............. ... 3.4 | Chlorine as chlorides...........__. 7.26
Sodium (Na)p_ ... ... ... . ... 8.2 | Oxygen consumed.............__.. 2
Carbonate radicle (CO5)............ 17 | Appearance, good.
Sulphate radicle (SO,) ............ 24 Color, none.
Chlorine (Cl)....... ... ......... .7 | Odor, none.
Loss, etC ..o .8 | Appearance of residue, white; no color on
= heating.
113.9 |
This water is considerably better than the average for use in a steam boiler. It will,

of course, deposit some scale, which is prone to be quite hard, etc.
slight tendency to corrosion.

From a sanitary point of view the above analysis shows this water to be of a sufficient
purity to warrant its use as a drinking water.

There is a very

Analysis of water from j0-foot driven well near Big Lake, Arkansas.o

Parts per million. Parts per million.

Silica (SiOg) . - . ... 38 Free ammonia. ... ... .......... 0.04
Iron and alumina oxides (Fe, 0, Albuminoid ammonia .. ......... .05

ALOY 4.8 | Nitrogen as nitrates. ... ........ Trace
Caleium (Ca)-. .. oot 22 Nitrogen as nitrites.............. 0
Magnesium (Mg)................. 5.8 | Chlorine as chlorides. . . .. ...... 7.26
Sodium (Na)b_ ... ... ... 9 Oxygen consumed.._............ 1.8
Carbonate radicle (CO,....... ... 1 Appearance, slightly turbid.
Sulphate radicle (8O, . .......... 21 Cotlor, none.
Chlorine (CD). ... ... ........ 7 Odor, none.
Toss, ete ..o i, 1.6 | Appearance of residue, white; no color

on heating.
150. 2

The action of the water when used in a steam boiler will be of the same nature as
that from the 30-foot well, but the amount of scale formation will be about 38 per
cent greater in quantity.

As regards the use of this sample for drinking purposes it is equally as good as the
sample from the 30-foot well. While the sample is slightly turbid, it is due to a
slight amount of mineral matter in suspension and in no way affects the quality.
While the analysis shows a very slight difference, the two samples are virtually the
same from a sanitary standpoint.

a Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionic
form and parts per million at United States Geological Survey.
b8odium and potassium calculated as sodium.
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TERRELL, ARK.

In sec. 29, T. 9, R. 8, is a well owned by the Baker Lumber Com-
pany. It was sunk in 1901 and cased with 6-inch casing to 86 feet
and 4-inch casing to the bottom. The water, which is warm, rises
within 12 feet of the surface. The following log was furnished by
Mr. W. B. Johnson:

Log of well at Terrell, Ark.

Thickness.| Depth:

Alluvmm and Lafayette (182 feet): Feet. Feet,
. ‘*Buckshot,” shading tosand. ... ... .o o . iiiiiiiiiiiiiiieiiaaas 16 16
Orange sand and gravel, with thin clay partmgs ............................ 166 182
Lagrange formation (clay, 658 feet):
Blue clay with enough ﬁne sand to make sinking by hydraulic process easy;

DO WABeT . . e ieieeeeeeeeeeeaaaaaaas 658 840
Lagrange formation (sand, 24 feet):
Gray sand, like that at Memphis; lignite in large quantities................. 24 864

When drilling in this well was stopped at 864 feet it was still in
sand. The water has been analyzed and found excellent, with a little
more iron than the Memphis water.

DRIFT-WELL DISTRICT.

Wells that obtain water from the drift are numerous in Towa,
Illinois, and the other Northern States, but have few representatives
in Missouri, and these are almost entirely confined to the northwest
corner of the State.

ATCHISON COUNTY.
TARKIO.

Tarkio is situated in the extreme northwestern part of the State,
on Tarkio Creek. In May, 1890, a company was organized for the
purpose of obtaining a city water supply, and later a number of
wells were sunk in the district. The first one of these was put down
at the edge of town, in sec. 14, T. 65, R. 40. Owner, Tarkio Water
and Electric Light Company; depth, 210 feet; altitude above tide,
943 feet; casing, 8-inch; flow, strong; date of completion, May, 1890;
driller, John Kain.

The following log of this well was.furnished by Prof. J. C. Adair,
of Tarkio College, to whom the writer is also indebted for the table
of wells on page 190 and for partial water analyses, many of them
made especially for-this report.
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Log of Tarkio Water and Electric Light Company well ( No. 11}, Tarkio, Atchison County.

|
’ Thickness. | Depth.

Feet. Feet,
53 E:03 < Lo : 4 DY 30 30
Gray clay, with strata of giacial bowiders. 40 70
Blue clay . -l 10 170
Hardpan N 10 180
€oarse SANA . .. ... ma e 10 190
ROCK . -ttt et 20 210

The water from this well flows in a stream from an 8-inch pipe 6
feet above the ground, and is conveyed to a reservoir 30 feet in diame-
ter and 30 feet deep. Thence it is forced by a Dean surface pump,
with a capacity of 1,000,000 gallons per day, to a standpipe 50 feet
high and 12 feet in diameter, which stands on a hill 100 feet above
the well. There is a normal pressure of 75 pounds from the standpipe
and a fire pressure of 150 pounds. The well is also provided with a
Cook deep-well pump of the same capacity. The water is hard, clear,
and cold. The flow from the pipe varies a little, being not quite as
strong now as it was at first. Other wells sunk at a lower level
have to a slight degree lessened its head. A surface well 40 feet
deep was also sunk by this company into the bowlder stratum given
in the log. A feeble flow was obtained from this well, and the water
is softer and better suited for boiler purposes. The population of
Tarkio is 2,500, and it is estimated that the water supply issufficient
for a city of 10,000. At present the city uses about 150,000 gallons
per day.

There seem to be two aquifers or water bearers in this district.
The upper one varies from 7 to 10 feet in thickness and is usually
found at a depth of 40 to 60 feet. It consists of either rounded
bowlder material or gray, sharp, angular, coarse sand. The water
from this bed is soft and is excellent for boiler use. The bed is
usually overlain by 25 to 40 feet of yellow clay, forming the imper-
vious layer.

The main water-bearing stratum and the one having the strongest
pressure is a bed of 20 feet or more of sand which is made up of
rounded grains and is called the ‘“artesian sand.”” This is overlain by
an impervious layer of dark-blue clay from 140 to 160 feet thick,
the lower half of which contains small round pebbles the size of
walnuts and numerous pockets of sand.

Tarkio Valley is from 2 to 3 miles wide and is inclosed by low,
rounded hills which rise from 50 to 100 feet above Tarkio Creek, a
rapid stream that frequently overflows its low banks. The channel
has been straightened through the town, where it is confined to a deep
ditch running between dikes, which partially control the floods.
When visited in July, 1904, the whole valley was sodden with water
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as a result of long-continued rains. The cornfields were swamps,
although miles of drainage tiles had been laid through them. This

condltlon certainly suggests that the R40 W

water must rise from the first sand N
7 16 [ 15 | ey L7

layer under such pressure as to keep -
the land unusually damp. HEIEREIR %4 A

Fig. 6shows the location of thewells 2 &
referred to in the accompanying table. il M Ml i 5(2 °F
They extend for a distance of 14 32 | 33 | 34 »gsJ:agq /
miles, beginning 5 miles north of o 1o L=,
Tarkio and continuing for 9 miles - 4%
south, to Fairfax. Mr. James Cham- 78 | 9| 0| se
bers, who has sunk some wells in this e o | g B
region, states that there is apparently  § i Py
an ancient buried channel in this val- ~ F| o | 20 | & | 22 | 4| &0
ley and that the flow in this channel 6/ |5
is from the northwest. He has noted il Ml s 277 }4 2
that in sinking wells on the extreme w | oe |33 | 4T s | 3

sides of the valley only 2 or 3 feet of

3 2 t
the ‘‘artesian sand” were passed S I y
through, while nearer the center of AR /LR
the valley this sand layeris 40 ormore 2 s e |
feet thick. Mr. Chambers states that ~ $| "~ " | “|| é’
in drilling these wells he uses anauger  *| o | 20 | 21\ 54 N

and that frequently good veins of wa-

ter are found in the yellow clay. If gl Ml M| Nl i

such avein is tapped there is no neces- ar | 32 | 93 [Jaa | 35 | 26
sity of going deeper, as a shallow R.40 W.

well of ]leg water is thus assured. F1¢. 6.—Map showing location of the Tarkio
Wells bored in this way are quickly artesian wells, Atchison County.

and cheaply obtained, 80 to 90 feet being the maximum day’s work.
The following is the log of well No. 17, a salt well:

Log of Rankin well (No. 17), Tarkio, Atchison County.

Thickness.| Depth.
Feet. Feet.
Black J08M . .. .. i ieiieeeieaieeeeeiaecaeaaaaaan 30 30
Gray clay, with occasional strata of Toose bowlder R 40 70
Blueelay.......oocooooiaiiiio.. R 110 180
Hardpan, white............ . 15 195
Gravel, water bearing . 10 205
Carbonaceous shale, with considerabie lignite. ... ... ...l 15 220
Rock; stopped before going through it. .. ... ... .. . . i iiiiiiiiiiiaian 50 270

This well contains 5,400 parts of chlorine per million, while well No.
11, 2 miles to the north, gave only 111 parts, and Nos. 15 and 16, a
little over a mile to the northeast, 128 and 120 parts, respectively.
Well No. 18, at Fairfax, is also a salt well, with about 5,400 parts of
chlorine per million, or about 3 ounces of salt to the gallon.

The accompanying table, prepared by Prot. J. C. Adair, gives con-
densed data in regard to the wells of this district:
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The diameter of all these wells is 3 inches, with the exception of
No. 11, which is 8 inches. The temperature of the water is 12° C.

Several of the wells flowed for a short time, but when others were
put down they ceased to flow and are now being pumped. The depth
to the ““artesian sand’’ seems to increase to the south. In well No. 14,
in the extreme eastern part of the basin, rock was reached without
finding the sand. To the west the surface is much higher, and
though the sand is reached the wells do not flow. Seven miles west of
Tarkio, at Rockport, a well was drilled to a depth of 700 feet without
finding water. It is probable that the western side of the buried
channel is but a few miles west of Tarkio Creek. This ancient chan-
nel was undoubtedly cut during the extension and retreat of one of the
great northern ice sheets. The vast quantity of water set free by the
melting front of this ice sheet found its outlet through the valleys
toward the south, in which they left their load of sand and gravel.
These deposits were in turn covered by impervious clays from the
moraines of subsequent ice sheets, a condition which probably
occwrred more than once.

Professor Adair has called attention to the large amount of am-
monia, both free and albuminoid, contained in the waters of these
wells. It is also interesting to note the great variation in the com-
position of water in wells very near to each other, a fact to which
attention has already been called. A series of partial analyses made
by Professor Adair shows a constant variation of ammonia in the
same well during a period of years. So excessive an amount of
albuminoid ammonia as is contained in some of these wells would
ordinarily condemn the water at once as being subject to sewage
contamination; but there could be no possibility of such contami-
nation in this district, and it is a well-established fact that many
other drift wells contain large amounts of this substance. Norton®
mentions its occurrence in the waters of the drift wells of Iowa, and
suggests several theories for its presence. One of these theories is
that these artesian waters were originally storm and surface waters,
which have taken ammonia from the atmosphere and soil and kept
it imprisoned in these basins. Another and a more probable hypoth-
esis is that the ammonia originated from the decomposition and
breaking up of the fossil organic remains contained in these sedimen-
tary deposits. Just as the ammonia of commerce is manufactured
from the products resulting from the distillation of coal, so it is possi-
ble that the ammonia in the water may be derived from the nitrogen
of the lignite and carbonaceous shales which are so often present in
the drift—a view which, according to Norton, is supported by the
association of the ammonia with the hydrogen sulphide of these
waters.

eNorton, W. H., Artesian wells of Iowa: Ann. Rept. Iowa Geol. Survey, vol. 6, 1897, pp. 358-361.
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A well not far from the salt well at Fairfax is highly charged with
iron and sulphur.
HOLT COUNTY.

MOUND CITY.

In sec. 29, T. 62, R. 38, on the farm of James A. Vandeventer, is
a shallow well flowing about 3 gallons per minute, with no apparent
variation. The water is clear, cold, and soft, with some iron, and
leaves a reddish coating on pipes and ground. It is derived from a
sand layer under a blue clay. It is highly esteemed as a chalybeate
water. An artificial lake and a grove of native forest trees render
the locality of the well an attractive pleasure ground.

CITY WATER SUPPLIES.

GENERAL DISCUSSION.

SOURCE OF SUPPLY,

The tendency toward the concentration of population in cities and
towns has caused a growth that has outdistanced all calculations
made when most waterworks systems were originally established.
Moreover, the increase in the per capita use of water has been very
great and cities are everywhere forced to seek new sources of supply.
Lakes, rivers, and springs have heretofore been the main depend-
ence; but these are so generally becoming polluted by sewage, manu-
facturing wastes, and in other ways, that the problem of pure water
is yearly more and more serious.

This problem is more difficult of solution for the larger cities
because of the thickly settled districts which surround them. New
York City consumes 340,000,000 gallons of water per day. An
increase in population of 100,000 per year, which has been the case
for the last decade, means necessarily a large addition to the water
supply in order to keep pace with such tremendous growth. This
city is now looking to the Catskill Mountains as apparently the only
available source from which the present supply can be increased.
To bring the water of this distant region to the doors of the New
York consumers will entail an expenditure of $150,000,000. The
present system has already cost $100,000,000.

The problem is even more serious for some forejgn cities. Paris
has for many years taken from the Seine water for all purposes, but
now finds it suitable for street sprinkling and industrial uses only.
Other cities of France have secured control of all the available moun-
tain lakes and streams, leaving the capital to contemplate the advisa-
bility of establishing filtration plants to make possible the use of the
sewage-laden river water.
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Many cities, apparently ideally located so far as water supply is
concerned, have difficulties to overcome. Chicago, for example,
situated on a great fresh-water lake, has had to expend millions of
dollars, not only in extending the intake of its water supply farther
into the lake, but also in building a great drainage canal to carry
into the Mississippi River the sewage that would otherwise pollute
the water.

Cleveland has been compelled to go far toward the center of Lake
Erie for an intake free from pollution. Philadelphia, procuring water
from Delaware and Schuylkill rivers, which are badly polluted, as is
shown by the epidemies of typhoid fever so common in that city, is
now planning to spend $20,000,000 in the construction of a sand
filtration plant for the purification of this water.

London, England, has under consideration a project for bringing
from Wales water sufficiently pure for drinking purposes, and Man-
chester obtains its supply from the lakes of Scotland.

Many southern cities are largely dependent on cisterns for water for
domestic purposes. These cisterns are open to contamination from
many sources and can not be considered suitable for a permanent

supply.

ARTESIAN WATER AS A SOURCE OF SUPPLY.

As a knowledge of the dangers existing in natural water supplies is
more widely disseminated, the advisability of seeking in deep wells a
source of city water is being more seriously considered. Some degree
of uncertainty is connected with the sinking of such wells, not only as
regards the quantity of water to be obtained, but also with respect to_
the quality. Both of these questions are geologic in their nature and
can be intelligently considered only in the light of a knowledge of the
structure of’the rocks which underlie the region and of the nature of the
water which characterizes the different geologic formations. It is one
purpose of this report to show, so far as available knowledge of the
stratigraphy and geologlc structure of Missouri goes, the possibility
of obtaining in various localities not only flowing wells, but also a suf-
ficient quantity of wholesome water from deep, nonﬂowmg wells.

The city of Memphis, Tenn., has solved its own water problem in a
highly satisfactory manner. Formerly having one of the highest
death rates in the country, and frequently visited by terrible epidem-
ics of cholera and yellow fever, it is now one of the healthiest cities
in the United States; and it is not saying too much to claim that this
new sanitary condition is largely the direct result of the development
of a magnificent system of artesian wells.
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CHARACTERISTICS THAT AFFECT THE VALUE OF WATER FOR PUBLIC SUPPLY.

The value of water for a public supply may be discussed under two
heads: (1) Its potability; (2) its suitability for domestic and man-
ufacturing purposes.

POTABILITY.

A drinking water may be injurious from two causes—from the
amount of injurious mineral constituents, and from pathogenic bac-
teria. A good drinking water should be clear and palatable, and
should not have an excess of such mineral matter as the salts of lime
and magnesia, which are claimed by many to produce or aggravate such
diseases as rheumatism, urinary calculi, goiter, and cretinism. The
best authorities recommend the avoidance of very hard waters by
people over fifty years of age. The presence of iron gives a peculiar
taste to the water, which is in such cases known as chalybeate.
While this is not injurious to health, except when the iron is in excess
of 1 part per million, and is often considered beneficial as a mineral
water, it is objectionable for a public supply and general use both
because of the taste and the fact that, on standing, a precipitate usu-
ally forms that discolors the water and the containers.

Whatever difference of opinion may exist in regard to mineral impu-
rities, there can be no dispute concerning the danger connected with
organic impurities existing as a result of contamination from sewage
and many other sources. It must be made clear, however, that it is
not the dead organic matter or sewage that renders the water dan-
gerous, but the living pathogenic bacteria that can thrive only in
waters containing such impurities. Typhoid fever, for example,

“often has its source in the use of polluted water. This is also believed
to be true, to a large degree, of such diseases as cholera and dysentery.
Abundant statistics could be given relating to the great decrease of
these diseases in cities that have changed from a polluted to a pure
water supply.

Great care should be taken of the water after it is derived from the
ground, particularly in the reservoir, where it is stored to await dis-
tribution. A standpipe is far better than an open reservoir for such
a purpose. The latter is liable to become infected by dust, by the
intrusion of animals, and by depredations committed by thoughtless
or malicious individuals. Even the standpipe is not wholly free from
contamination unless properly protected. As an illustration of this,
it may be stated that after an outbreak of typhoid fever in one of the
cities of a neighboring State, it was discovered that while the water
at its source was pure, the tap water contained typhoid bacilli. An
investigation of the standpipe, which was over 100 feet high, revealed
the fact that it contained an accumulation of over 2 feet of dead



CITY WATER SUPPLIES. 195

English sparrows that had flown against the inner wall and had
drowned. All standpipes should be covered with wire gauze to pre-
vent similar pollution.

HARDNESS,

For domestic supply water should not be too hard-—that is, it should
not contain too large an amount of the salts of lime, magnesia, and
iron. If such is the case, it is objectionable for cooking purposes.
Very hard waters are said to affect the taste of foods cooked in them.
If too much iron is present, it unites with the tannin of tea and coffee
to form a black precipitate. An excess of iron is also objectionable
for laundry use, as it is likely to form rust spots on clothing. But one
of the most serious objections to hard water from the standpoint of
domestic use is the large amount of soap that it requires to produce a
lather. Turneaure and Russell,® quoting from Parks, state that the
city of Glasgow, Scotland, saves $180,000 annually in the cost of soap
used since the introduction of the soft water from Loch Katrine as a
city supply. Soap is a combination of soda with some of the fatty
acids. Pure water, such as rain water, dissolves soap perfectly and
forms a lather at once. But water containing certain mineral salts in
solution—notably the carbonates and sulphates of lime, magnesium,
and iron—does not do this, because these salts form insoluble pre-
cipitates with the soap. I it takes a great deal of time to produce a
lather with soap,the water is hard, and it will be seen that the amount
of soap required before the water will lather gives a test of the relative
amount of salts which cause the hardness of the water.

That quality of water called ‘“hardness” is usually referred to as
“total,” ‘“‘temporary,’ and ‘‘permanent,” the last being, perhaps, the -
most important of the three, since it represents the sulphates, chlorides,
and nitrates of lime and magnesia. By ‘“total hardness” is meant the
natural hardness of the water—that is, the aggregate amount of earthy
salts and free carbon dioxide. The ‘‘temporary hardness” is that
which disappears on boiling, and the ‘‘permanent hardness’ is that
which is unaffected by boiling. Clark’s scale of hardness is expressed
in degrees, 1° being equivalent to the hardness produced by 1 grain of
calcium carbonate per gallon. In American practice the hardness is
expressed in terms of parts of calcium carbonate per million. To con-
vert degrees of hardness to parts per million, multiply by 14.3. Ina
general way, if a water has a total hardness of less than 85 parts per
million, it is soft; at 115 parts per million it is moderately hard; at
230 parts per million it is very hard, and above that it is objectionable.

The waste of soap and extra labor entailed by the use of very hard
water make the subject of hardness of very great importance. KEvery

aTurneaure, F. E., and Russell, H. L., Public Water Supplies, 1901, p. 143.
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grain of carbonate of lime in water decomposes 10 grains of soap, and
thus, for example, the hardening matter contained in 100 gallons of
water such as is supplied to the city of London, where the water has
a total hardness of 230 parts per million, will destroy 35 ounces of
soap—that is, the first 35 ounces of soap added to 100 gallons of
water will disappear without forming any lather or having any
cleansing effect.

For manufacturing purposes, perhaps the most important use for
water is in the production of steam, and here the question of hardness
is of paramount importance. The term ‘‘scale” is applied to the
harder matter deposited on boilers from the decomposition of certain
nmineral salts. The term ‘‘sludge,” or “mud,” is applied to the softer
or loose precipitates, such as calcium and magnesium carbonates.
These form the temporary hardness of water and are, as before stated,
more easily removed from boilers than the scale, which represents the
permanent hardness and is made up mainly of calcium and magnesium
sulphates. This scale involves considerable loss of energy. It is esti-
mated that an incrustation one-sixteenth of an inch thick, being a non-
conductor of heat, causes a loss of energy of 15 to 20 per cent of the
coal used. Waters that have a temporary hardness produce a friable
scale that may be blown out; while those that have a high permanent
hardness form a scale which can be removed only with great difficulty.
This scale not only results in the loss of energy, but tends to corrode
the iron and is frequently the cause of boiler explosions. Edwards®
estimates that the extra expense due to the use of hard waters on the
railway engines of the Middle and Western States amounts to about
$750 per year for each engine.

At a session of the American Association of Railway Chemists at
Buffalo, N. Y., in 1887, a system of rating for boiler waters was sug-
gested, which, as slightly modified by Nortonp? is as follows:

Ratings for boiler waters.

Amount of incrusting
solids.
Rating.
Grains per | Parts per
gallon. million,
(a) Very 800d. ... .o i 0-8 0- 98
(b) Good............ . . 8-15 95-255
(c) Fair. _........ ... JN e 15-20 255-340
(d) Poor... : 20-30 340-515
[ 27 7 SN 30-40 515-685
() Very bad . ottt iatitaeiatceeaenaaeaaaan 40+ 685+

a Practical Steam-Engine Guide, 1894, p. 120.
b Norton, W. H., Artesian wells of Iowa: Ann. Rept. Iowa Geol. Survey, vol .6, 1897, p. 406.
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The problem of scale is very serious and many methods of obviat-
ing this difficulty have been proposed.¢ A careful quantitative analy-
sis must always be made to determine the nature of hard water and
the treatment necessary to render it suitable for use. In some cases
waters that contain a large amount of scale-forming material carry
also enough alkaline salts to supply their own remedy. In Okla-
homa, as reported to the writer by Mr. C. D. Purdon, engineer of
maintenance of way of the Frisco System, the water used to supply one
tank contains a large amount of scale-producing salts, while that of
another but a few miles distant contains the remedy for them, and a
mingling of the two waters produces results so good that engineers
find no difficulty in their use. '

The mineral salts that oceur in water and that are objectionable in
the manufacture of steam are described in the following paragraphs:

Calcium carbonate is the most common form in which lime occurs.
It is but slightly soluble in distilled water, but when carbon dioxide
is present, as is generally the case, 15 is easily soluble and forms lime
bicarbonate. Heat decomposes this lime bicarbonate in boilers,
driving off the carbon dioxide and precipitating the lime. This
forms a scum on the water which prevents the free escape of steam
and, if in excess, frequently causes “foaming.” It is also precipi-
tated in the form of scale, some of which is carried by the steam into
the piston and cylinders, where it has a most injurious effect. The
lime does not form a hard scale unless mixed with other salts which
cement it to the sides and flues of the boiler.

Calcium sulphate forms the hardest scale known, sometimes almost
as hard as porcelain. When the boiler pressure is at 50 pounds,
this substance is almost entirely precipitated from the water.

Calcium chloride is occasionally present in water. It does not
form scale, but is highly corrosive. If lime or magnesium sulphates
are present, under heat and pressure an interchange of acids takes
place and calcium or magnesium sulphates, which do form a scale,
are produced.

The action of magnesium carbonate is similar to that of calcium
carbonate, but only the magnesium bicarbonate is soluble. It is a
fine nonconductor of heat, for which reason it is frequently used on
the outside of boilers and pipes.

Magnesium chloride is frequently present in water and, if in con-
siderable amounts, is very injurious. At 310° F. it is decomposed,
reacting, with water, to form magnesium oxide and hydrochloric
acid, which latter corrodes the boiler, especially at the water line.
Allen states that certain amounts of sodium chloride may prevent

a An excellent article on this subject is given by Turneaure, F. E., and Russell, H. L., Public Water
Supplies, 1901, p. 481.
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this decomposition, the two chlorides uniting to form a stable double
salt. Norton® says:

In contact with boiler plates, calcium and magnesium carbonates of the scale are
changed to caustic oxides by the intense heat, and, according to Lewes, if magnesium
chloride is present the same result may be reached by reaction with calcium carbon-

ate. Solong as heated these oxides remain anhydrous, but are changed to hydrates by
access of water on cooling.

A small amount of magnesium chloride, even a grain or two to the
gallon, is considered objectionable in boiler waters.

Magnesium sulphate is one of the most soluble of all the mineral
salts. In itself it does not produce scale, but when superheated in
the presence of other lime salts it breaks up, and new and injurious
combinations are produced.-

Sodium sulphate and sodium chloride  are not scale producing,
but are liable to produce ““foaming’” when present in large amounts.
The same is true of sodium carbenate. Sodium chloride is highly
corrosive.

Iron bicarbonate, having a weak hold on the carbon dioxide, is
easily decomposed and forms ferrous oxide, which, uniting with oxy-
gen and water, forms the hydrated sesquioxide, the yellow precipi-
tate commonly noticed in chalybeate waters. Iron sulphate is
frequently present in waters that have their source in the Pennsyl-
vanian rocks, and it is very corrosive in boilers.

The presence of carbon dioxide, ammeonia, nitrates, and nitrites is
probably objectionable, but how much so has not been fully deter-
mined. Some of these, especially the nitrates, are, without doubt,
corrosive when present in large amounts.

Silica usually occurs in so small amounts as to be of little impor-
tance in this connection.

CITY WATER SUPPLIES IN MISSOURI.

STATISTICS.

The accompanying tables give a list, as complete as it has been
possible to make, of the 103 cities and towns in Missouri that have a
public water supply, with statistics relating to each and analyses of
many of the waters. In connection with the capacity of the various
systems, it is interesting to note the daily consumption in different
cities and the possibilities of providing for future needs.

In preparing these tables, the writer has supplemented his own
notes by reference to Baker's Manual of American Waterworks.
The following table gives the per capita consumption of the largest
cities in the world.

aNorton, W. H., Artesian wells of Iowa: Am. Rept. Iowa Geol. Survey, vol. 6, 1897, p. 402,
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Daily per capita consumption of water in various cittes.

R Gallons.

Paris... ... ... 37
London....... ... ... ...... 45
Berlin.. . ... ... ... ... ... 50
Kansas City .. .......oo.o.oo.... 80

Gallons.
Brooklyn. ... ...l 90
New York. ... ... ... ... .. ... 125
Chicago . ...l 180
Philadelphia........... ... ... 236

In calculating the amount of water necessary for a city supply, at

least 100 gallons per capita per day should be estimated.

In arte-

sian districts it is very easy to estimate either the flow or the pump-

ing capacity of wells.

Norton¢ suggests that where a number of

wells are sunk, they should be aligned at right angles to the dip of

the water-bearing strata, so as to tap a larger area.

The distance

between flowing wells should be as great as is consistent with the

other factors considered in their disposition.

It the flow is weak,

“shooting” will frequently increase the pressure.

a Norton, W. H., Artesian wells of Iowa: Ann. Rept. Iovi’a, Geol. Survey, vol. 6, 1897, p. 410.
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ANALYSES OF WATERS OF PUBLIC SUPPLIES.

ANarvsis 1.—duwrora city water, January 15, 1904.@

Parts per million. Parts per million.
Silica (S10,)...oooo.oooloL. 8.2 | Residue on evaporation...._.._.. 100
Tron (Fe)......o. ... ... .86 | Residue on ignition.............. 91.8
Aluminum (Al)........ ... .. .08 | Free ammonia...__.............. .16
Caleium (Cay_... ... _...._.... 54 Albuminoid ammonia............ .15
Magnesium (Mg).... ... ... .... 2.5 | Nitrogen as nitrates............. .23
Sulphate radicle (SO . ... ... 26 Nitrogen as nitrites.............. 0
Chlorine (C1).. ... ..o . .. 3.5 l Oxygen consumed............... 3.04
Color, very clear.
95. 14 { Odor, none.
ANALYsis 2.—Bowling Green city water, January 17, 1904 (partial analysis).
Parts per million. Parts per million.
Silica (SiOp).oovvoiai i 4 Residue on evaporation........ .. 572
Tron (Fe) ..o, 1.6 | Residue on ignition.............. 409
Aluminum (AD............ ... .. .37 | Free ammonia................... .08
Caleium (Ca) ... .. 114 Albuminoid ammonia............ .15
Magnesium (Mg)................ 36 Nitrogen as nitrates............. 12
Sulphate radicle (SO, . ......... 48 i Nitrogen as nitrites
Chlorine (Ch).........._...... .. 49 Oxygen consumed._..._........_.
Color, clear.
252.97 | Odor, none.

AnNavysis 3.—Brookfield city water (open well), March 12, 1904.¢

Parts per million. Parts per million.
Silica (8i0y) oo 17 Residue on evaporation. . ...... 417
Iron (Fe).. ... ... 1.9 | Residue on ignition.._.......... 396
Aluminum (AD.............o.. .. .15 | Free ammonia............. ... .12
Calcium (Ca) ... ... _..o........ 6.8 | Albuminoid ammonia........... .22
Magnesium (Mg)....... et 14 Nitrogen as nitrates. ........... .5
Sulphate radicle (SO,)........ ... 59 Nitrogen as nitrites....._....... .018
Chlorine (Cly.................... 17 Oxygen consumed . ............. 3.2
Color, none.
115. 85 | Odor, none.

Axavysis 4.—Carrollton ity water, April 7, 1904.¢

A Parts per million. Parts per million.
Total residue after evaporation. .. 450 Nitrogen as nitrates............. 0.35
Oxygen consumed....._......... 7.95 | Nitrogen as nitrites.............. .05
Free ammonia............._..... .24 | Color, slightly amber.
Albuminoid ammonia............ .18 | Odor, none.

Awavysis b.—Carthage city water, March 7, 1904.a

- Parts per million. . Parts per million.
Silica (S104). ..o 16 Residue on evaporation........ . 178
Tron (Fe) ... ... i.. 2.4 | Residue on ignition. ............ 166
Aluminum (Aly ... ... .1 | Free ammonia.................. .05
Calcium (Ca) .. ..oooaiiioo. 50 Albuminoid ammonia........... .17
Magnesium (Mg)........ e 4.2 | Nitrogen as nitrates............ .63
Sulphate radicle (SO)........ ... 25 Nitrogen as nitrites............. . 007
Chlorine (Cl) .......... ... ... 4.2 | Oxygen consumed . ._._........ 2.9

101.9

& Bull. Missouri State Board of Health, vol. 1, No. 4, 1904. Recomputed to ionic form at United
States Geological Survey. :
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AnNavysis 6.—Chillicothe city water, February 6, 1904.¢

Parts per million.

Silica (SiOy). ..o 2
Iron (Fe)...... el 6.1
Alumina (AD..o...ooooii. E!
Caleium (Ca) ... ... oo .. 3.6
Magnesium (Mg)................ 6.8
Sulphate radicle (SO,) . ......... 26
Chlorine (C1).................... 5
67.64

Parts per million.
Residue on evaporation.._..... . 183

Residue on ignition............. 166
Free ammonia.................. .24
Albuminoid ammonia..._....... .33
Nitrogen as nitrates_........... .26
Nitrogen as nitrites............. . 055
Oxygen consumed . ............ 7

Color, slightly turbid.
Odor, none.

ANavysis 7.—Ercelsior Springs city water (river).b

Parts per million.
29

L4

Silica (S10g) .. ... ...illL..
Iron and alumina oxides (Fe,0,+

T OALOg) e 3.5
Caleium (Ca) ... ... 85
Magnesium (Mg)................. 7.7
Sodium (Naye. ..o 6.8
Carbonate radicle (CO,) ......._.. 115
Sulphate radicle (SO,) . .......... 50
Chlorine (Cl) ... ................. 11
301

Parts per million.

Free ammonia................._. .02
Albuminoid ammonia......... . .07
Nitrogen as nitrates............. Trace
Nitrogen as nitrites.............. Trace.
Chlorine as chlorides............. 53.05 -
Oxygen consumed .............. 3.1

Color, somewhat turbid.
Odor, none.

This river water is filtered through a layer of coke 5 feet thick, then through 28
inches of sharp sand and 12 inches of fine gravel, after which it gathers in a large well,

whence it is pumped to the reservoir.

Anavysis 8.—Fulton city water. @

Parts per million. !

Residue on evaporation......... 520
Residue on ignition............ 435
Free ammonia .. ............... .01
Albuminoid ammonia. . .. ...... .03
Nitrogen as nitrates............. 0
Nitrogen as nitrites. .. ... ...... .96

Parts per million.
11
386

Chlorine. . ... .....
Hardness
Color, clear.
QOdor, none.
Reaction, alkaline.

ANavysis 9.—Higginswille city water, January 28, 1904. @

Parts per million.

Silica (S10,) - oL .ooioilotn ... 18
Iton (Fe).. ... .. .............. 2
Alumina (Al) ... ... ... ... .15
Calcium (Ca) ... ... ... 51
Magnesium (Mg)................ 8
Sulphate radicle (SO . ......... 27
Chlorine (Cl). ... .............. 23
129.15

a Bull. Missouri State Board of Health, vol. 1, No.

Geological Survey.

Parts per million.

Residue on evaporation..... ... 362
Residue on ignition.... ... . ... 338
Free ammonia. ... ........... .03
Albuminoid ammonia. ......... .2
Nitrogen as nitrates........_ ... Trace.
Nitrogen as nitrites. ... ...... .004
Oxygen consumed . . .. . ....... 2

Color, clear. )

Odor, none.

4,1904; recomputed to ionic form at United States
|

b Expressed by analyst in grains per gallon and hypothetical combinations; recomputed to ionic
form ana parts per million at United States Geological Survey.

¢ Sodium and potassium calculated as sodium.
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Anavysts 10.—Joplin city water.

Parts per million.

Parts per million.

Trom. .ol .02
Alkalinity .. ... .. ... ... .. .. 96
Permanent hardness. . ... ... _.... 11
Free COpu ool 1

Bacteria per cubic centimeter, 5.
Bacillus coli communi, none.

ANavLysis 11.—Rirksville city water, April 4, 1904. ¢

Parts per million.

Residue on evaporation. ........ 188
Residue on ignition. . .. ........ 171
Free ammonia. ... ........ .. .. J12
Albuminoid ammonia. . . . ... .. .50
Nitrogen as nitrates............. .31
Nitrogen as nitrites. . .......... 0
Oxygen consumed . . ... ........ 7.8

Color, clear.
Odor, none.

ANavLysis 12.—Lebanon city water (artesian well, 1,000 feel). b

Residue on evaporation. __..... 148
Free ammonia . . .. ... . .. . 005
Albuminoid ammonia . .. . ..... . 062
Nitrates. - o oo 2. 65
Nitrites. . ... ... .o.o... . 001
Oxygen consumed . . ... _...... 2
Chlorine. . ................... 3.9
Parts per million.
Silica (S105) - o o oo 11
Tron(Fe)_ ... . ............... 2.6
Alumina (Al . ... ... .. ... .06
Caleium (Ca)............. ... .. 34
Magnesium (Mg).......... ... ... 8.1
Sulphate radicle (3O ........ ... 3
Chlorine (CD). . ... ..o .. 4.3
95.03
Parts per million.
Silica (8i0y) . . o eeoci 11
Iron (Fe). .. ... . ... ... Trace.
Aluminum (Aly. ... ... ...... 1.7
Caleium (Ca). ... .. 33
Magnesium (Mg)................ 16
Sodium (Na). ... .. 13
Carbonate radicte (COy) . .. .. ... 203

A very fine water.

Parts per million.

Sulphate radicle (SO, . ......_.. 4.8
Chlorine (CY). . ... ............. Trace.
H, bicarbonate .. .........__... 3.4
285. 9
Free COy.oovomeioa oL 70

ANavysis 13.— Marshall city water, January 27, 1904. ¢

Parts per million.

Silica (S10,) . . . ..ol 11
Iron (Fe). . .. ... . o . ... 3.3
Aluminum (Aly. .. ... . .9
Caleium ((a) .. ... o ... 156
Magnesium (Mg). ... ... ... 24
Sulphate radicle (SO . ..._...... 191
Chlorine (Cl). ... ... ... ... ... 464
850. 2

Parts per million.

Residue on evaporation. ..... 1, 202
Residue on ignition. ... ..... 1,119
Free ammonia. ... .......... . 342

Albuminoid ammeonia........ .13

Nitrogen as nitrates. ... ...... Trace.
Nitrogen as nitrites. .. ... ... Trace
Oxygen consumed . .. .. ..... 1.95

Color, very clear.
Odor, none.

a Bull. Missouri Stase Board of Health, vol, 1, No. 4, 1904.

b Analysis by L. G. Eakins.

Bull. U. 8. Geol. Survey No. 60, p. 172.

¢ Analysis by Missouri State board of health. Recomputed to ionic form at United States Geolog-

ical Survey.
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ANALYSIS 14.— Moberly city water (reservoir). @

Parts per million.

Silica (SiOg) - - oo v 32
Iron (Fe). .. ... ... ... ... 15
Calcivm (Ca) . ... .. 15
Undetermined . . . ... ... ......... 21

83

Odorless, tasteless.
Slightly turbid, and of yellowish tint.

It contains the merest trace of chlorine and ammonia; no nitric acid; no albu-

minoid ammonia.

The only life that could be determined was represented by speci-

mens of cyclops and vesabia, appearing to the naked eye as moving specks.

ANavysis 15.— Moneit city water, March 2, 1904.0

Parts per million.
Silica (8i0g) . . . ... 11
Iron(Fe)...................... 1.3
Aluminum (Al).............. .. .05
Calcium (Ca)_................... .64
Magnesium (Mg)................. 7.5
Sulphate radicle (SO,) . .......... 50
Chlorine (Cly. . ............... 8.2
142. 05

Parts per million.
............ 237
. 212

Residue on evaporation
Residue on ignition. . .. ..........
Color, clear.
Odor, none.

ANALYSIS 16.— Nevada city water, April 4, 1904. ¢

Parts per million.
Silica (810g) . - o cvvii it 10
Iron (Fe). ... ... ... .. ... 1.7
Aluminum (Al)........... ... .1
Calcium (Ca)..........o........ 86
Magnesium (Mg)................ 39
Sulphate radicle (SO,).......... 86
Chlorine (Cly.................. 576
|
798.8 !

Parts per million.
.......... 1,319
ceeeeaa.- 1297

Residue on evaporation
Residue on ignition. . ..
Color, very clear.

Odor, none.

ANavysis 17.—Oregon ety water, May 25, 1899.¢

Parts per million.

Silica (Si0g). e cvvi oL 8.6
Iron and alumina oxides (Fe,O,-1

ALOG) - oo 16

Calcium (Ca) . ... ... ... 90
Magnesium (Mg) ...... ... 40
Sodium (Na)d ... ... ......... 17

a Analysis by Paul Schweitzer.

Parts per million.

Carbonate radicle (COz).. . ... ... 235

Sulphate radicle (SO,).........._. 14

Chlorine (C1) .. . ... ... 16
436. 6

Expressed by analyst in grains per gallon; recomputed to ionic

form and parts per million at United States Geological Survey.

b Bull. Missouri State Board of Health, vol. 1, No. 4, 1904. Expressed by analyst in hypothetical
combinations; recomputed to ionic form at United States Geological Survey.

¢ Expressed by analyst in hypothetical combinations; recomputed to ionic form at United States

Geological Survey.
d Sodium and potassium calculated as sodium.
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Anarysis 18. St. Joseph city water.

Parts per million. Parts per million.
Albuminoid ammonia............ 0.55 | Total solids_.........._... ... ... 5970
Free ammonia .. .........oova... 04 Trono ool 5.1
Nitrogen as nitrates . ............. .35 | Alkalinity.. ... ..ol 104
Nitrogenas uitrites .. ... ......... 0 Permanent hardness . _......_ ... 60
Chlorine . ... ... il.. 11 Sulphuricacid........ ... 0
Oxygen consumed ... ........ ... 25 Carbonicacid.... ... ... .. .. 8

Appearance, muddy; odor, none: color, 250 F. F. M.

ANavysis 19, Slater eity water, January 29, 1904.a

Parts per million.a . Parts per million.a
Silica (S105). oo e 52 | Residue on evaporation......... ... 726
Tron (Fe) e 1.7 ! Residue onignition............_ ... 598
Aluminum (AD............ ... .05 d
Calcium (Ca) ... o..oo... 83 |
Magnesium (Mg)................. 2 |
Sulphate radicle (SO,)........... 7
Chlorine (C1). . ... . ... 166

351.95

Color, very clear; odor, none.

Anavvsis 20. Springfield city water, May, 1905.b

Parts per million. ! Parts per million.

Silica (Si10g). e v 9.4 | Oxygen consumed ............. 0.072
Tron (Fe)e. oo 1.4 | Freeammonia................. .1
Aluminum (A ... ... ... ... .1 Albuminoid ammonia.......... .124
Caleium (Ca) ...l 57 Nitrogen as nitrates ............ Trace.
Magnesium (Mg).. ... ... ..... 4.2 | Nitrogen as nitrites. ....._..... 0
Sodium (Na)..................... 2.6 | Temporary hardness. .......... 165.7°
Potassiom (K) .. ... ... Trace. | Permanent hardness. .......... 13.6
Bicarbonate radicte (HCOg).. ... .. 191 Total hardness_ .. ... ... ... 179.3
Sulphate radicle (SO)_........._. 5.8 | Total dissolved solids. ......_.. 214. 411
Chlorine (CI).. . ... ... ... 3.9

' 275.4

Color, very clear; odor, none.

AwNavvsis 21. Tarkio city water. ¢

DEEP WELL.

Parts per million. Parts per million.
Chlorine. ... .oooooeeeiiaaaa oo 111 | Temporary hardness. ............ 259
Freeammonia .. ................... 8 | Permanent hardness. ......_..... 367
Albuminoid ammonia .. ... ........ 10 | Total solids.......o............... 1, 442
Total hardness_ . ... ... .. ...... 626

a Bull. Missouri State Board of Health, vol. 1, No. 4, 1904, Recomputed to ionic form at United
States Geological Survey.

b Bull. Bradley Geol. Field Station, No. 11, Drury College. Chemical analysis by Miss Kate Lyman;
sanitary analysis by Miss Etta Little. Recomputed to ionic form at United States Geological Survey.

¢ Analyses by Prof. J. C. Adair, of Tarkio College. See p. 191 for comments on the large amounts of
albuminoid ammeonia.
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SURFACE WELL.

Parts per million.

Chlorine . ... .. .. ... ........ 1.6
Albuminoid ammonia . .......... .06
Total hardness........ ......... 182

ANALYSIS 22,

Parts per million.

Silica (8105). o c e 5.5
Iron (Fe)....coveee. .. e 8.6
Aluminum (Al)............... ... 1.4
Caletum (Ca) .. ooove e 23
Magnesium (Mg).. ... ... .. ... 5.3
Sulphate radicle (8O,)............. 33
Chlorine (C1). ... ..., 3.1
78.9

Odor, none.

Parts per million.
Temporary hardness . .............. 142
Permanent hardness . . ... ........ 40

Trenton city water, Febripary 27, 1904. a

Parts per million.
Residue on evaporation.._.. ... 202

Residue on ignition.. ... .. .. 175
Oxygen constimed........_..... 10.3
Free ammonia . ........ .. ... .8
Albuminoid gmmonia......... .6
Nitrogen as Ijitrates ........... .32

Nitrogen as nitrites. ......_...

Anavysis 23. Warrensburg city water, Febrwary 6, 1904.a

Parts per million.

Silica (Si0g)- < evveeaain it 8.8
Tron (Fe)eeoee oo 2.3
Aluminum (Ab).. ... 5
Caleium (Ca) . cvveniiiaaa . 36
Magnesium (Mg).. ................ 8.5
Sulphate radicle (SO,)............. 35
Chlorine (Ch).. . .. ... ... .. .. 6.1
97.2

Color, clear; odor, none.

Parts per million.

Residue on evaporation......... 168
Oxygen consymed.. . .......... 3.4
Free ammonif........... . ... .8
Albuminoid gmmonia .. ........ 3
Nitrogen as nitrates ............ 237
Nitrogen as nitrites . ........... 0

ANavLysis 24. Webb aity and Carternlle city water, February 26, 1904. @

Parts per million.

Silica (8i05)- oo vneiea et 76
Tron (Fe)..ooemoemieee e 2
Aluminum (Al)... ... .. ...... .4
Calcium (Ca) .. ........ ... ... 95
Magnesium (Mg).. ............... 7.3
Sulphate radicle (SO )............ 202
Chlorine (Cly. ...l .. 4.8
387.5

Color, clear; odor, none.

MINERAL WELLS.

Parts per million.

Residue on eyaporation....._... 412
Residue on ignition............ 381
Oxygen consymed.. . .......... 1.15
Free ammonig.......... .. ... . 096
Albuminoid ammonia ..._...... .22
Nitrogen as nitrates ... ... _... 1.56
Nitrogen as nitrites . ... .. ..... 0

The water of many wells is so highly charged with mineral salts as

to be objectionable for general use, though
extremely valuable from a medicinal standpoing.

n some of them it is
The wells at Excel-

sior Springs, Canton, Lagrange, St. Louis, and in other parts of the

aBull. Missouri State Board of Health, vol. 1, No. 4, 1904. Recomputed t;) ionic form at United

States Geological Survey.
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State belong to this class. In regard to their value as therapeutic
agents, Dr. Crook? makes the following statement:

There exists among medical practitioners in the United States a wide-spread skep-
ticism regarding the medicinal value of mineral waters. This incredulity is, no doubt,
based to a considerable extent upon a somewhat justifiable prejudice; but may it not
be due, in a much greater deglee to a want of correct information? We are all ac-
quainted with the mineral springs advertising circalar. * * * When the intelli-
gent practitioner reads that a certain water is positively curative in an imposing list of
diseases set forth in divers pages of testimonials from renovated statesmen, restored
clergymen, and rejuvenated old ladies, and then learns from the analysis that it con-
tains 2 or 3 grains of lime salts to the gallon, with the remaining ingredients requiring
perhaps a third or fourth decimal figure to express, he can hardly be blamed for tossing
the circular into his waste-basket, with an objurgation upon quacks generally, and min-
eral-springs quacks in particular. Yet the conservative physician will find a safe and
dignified position between that of the pretentious advertisement which claims every-
thing and that of the medical skeptic who will believe nothing.

There is no doubt that much benefit is derived from m&%t of the
health resorts connected with mineral springs or wells; and while a
great deal of it is undoubtedly psychic, some is unquestionably due to
the use of the waters. People who are broken down from overwork
or who are troubled with many incipient diseases find at these resorts
rest, which they perhaps can not get elsewhere; a change of air; a new
environment; possibly a change in climate or altitude; pleasant asso-
ciations; distractions from trouble; and they use, both internally and
externally, perhaps a muech larger amount of water than has been
their custom at home; these, together with faith in the curative quali-
ties of the water (since every wise physician recognizes faith as a help-
ful element in cure), form a stimulus to nature in the restoration of
normal action to the functions of the body.

The following constituents are more or less common in the evapo-
rated residue of the waters of mineral wells and springs in Missouri.
They are derived from the action of percolating waters in dissolving
out many of the varied substances of the rocks through which they
pass:

Silica. Magnesium chloride.
Alumina. Potassium bicarbonate.
Ferrous bicarbonate. Potassium sulphate.
Ferrous sulphate. Potassium chloride.
Manganous bicarbonate. Potassium bromide.
Calcium bicarbonate. Sodium carbonate.
‘alcium sulphate. Sodium chloride.
Calcium sulphydrate. Sodium sulphate.
Calcium chloride. Lithium chloride.
Calcium phosphate. Oxygen.
Magnesium bicarbonate. Carbon diexide.
Magnesium sulphate. Hydrogen sulphide.

a Mineral Waters of the United States, 1899, p. 34.
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The therapeutic action of the individual elements is discussed by
Hessler. @ :

Sodium chloride, or commmon salt, is found in all mineral waters in
amounts varying from a mere trace up to several thousand grains per
gallon. It is present in almost every tissue of the body, and a cer-
tain amount is required to keep the organs in a healthy condition.
It “regulates absorption, nutrition, and secretion.”” Internally, *‘it
may produce an increase of the gastric juice, bile, pancreatic juice, and
intestinal fluids, promoting the appetite and assisting digestion.” 2 It
has a slight aperient effect on the bowels and probably tends to pre-
vent intestinal decomposition. Its presence in water, in a nonsaline
subsoil, is ordinarily an indication of sewage contamination as the
only source from which it could be derived, since practically all of the
salt taken into the animal body is passed out through the secretions.

Sodium sulphate, or Glauber salts, is a common and frequently
abundant constituent, derived from the Pennsylvanian rocks and the
Hannibal shales in Missouri. It is unessential in the healthy body.
Hessler says:¢

Small doses stimulate the intestinal and urinary secretions, larger doses are laxative,
and still larger doses are cathartic. * * * This salt is useful in some disordered
conditions of the digestive tract—gastric, hepatic, and intestinal. * * ¥ In certain
dropsical conditions, as that dependent on some forms of heart disease, it may give

relief by helping to abstract the accumulated fluid. * * * Inanumber of diseases
the use of water containing much of this salt must be avoided.

Sodium sulphate occurs in considerable quantities in the B. B. min-
eral spring, the Lineville well, and the Allen well, at Versailles.

Sodium carbonate is found in the human body in the blood and
saliva, both of which are alkaline in character. When taken into the
system, these alkaline salts neutralize the free acids, and they are con-
sidered valuable in some cases of acid dyspepsia and the treatment
of gallstones. According to Hessler —

The bicarbonate is usually prescribed. It is useful in certain affections marked by
acid conditions, among which may be mentioned some of the fevers, rheumatism, gout,
and irritable bladder, particularly if this irritation be due to the acidity of the urine,
the latter becoming alkaline under its use. In uric-acid conditions the potassium
bicarbonate is to be preferred.

The presence of sodium carbonate in water may sometimes aggra-
vate certain diseases. The excessive use of soda will almost. invari-
ably derange the digestive system.

Potassium sulphate is a rare constituent of the mineral waters of
Missouri. It somewhat resembles, in its action, sodium and magne-
sium sulphate.

a Hessler, Robert, The medicinal properties and uses of Indiana mineral waters: Twenty-sixth and
twenty-seventh Ann. Repts. Indiana Dept. Geology and Nat. Res., 1903, pp. 159, et seq.

b Hessler, Robert, op. cit., p. 167.

¢ Op. cit., pp. 167-168.

4 Op. cit., p. 168.
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Calcium carbonate is the most common of all the mineral constitu-
ents of waters of the State, being derived from the solution of the
limestone in which it is found. - It is ““chiefly antacid and diuretic.”

Calecium sulphate is a very cornmon constituent of hard waters. It
is usually present in small amounts, as it is not readily soluble.
It has no especial action on the system.

Magnesium sulphate (Epsom salts) is characteristic of the waters
from the Pennsylvanian rocks and the Hannibal shale. It is milder
in its action and more agreeable to the taste than sodium sulphate or
Glauber salts, and has a similar effect on the human system.

Magresium carbonate is usually found in small quantities in the
waters of the magnesium limestones (dolomites) that are so common
through the central and southeastern parts of the State. It is an
antacid.

Iron, usually the bicarbonate, is almost always present in water,
either in minute traces or in small appreciable amounts. In the latter
case it forms the important constituent of chalybeate springs and
wells. The importance of iron as a tonic need not here be empha-
sized. ““In many affections, notably in alterations of the blood, iron
waters may be of decided benefit.” @

Iron sulphate is sometimes found in the waters derived from the
shales of the Pennsylvanian series. It is less palatable and more
astringent than the bicarbonate, and when in excess is an objectionable
constituent.

Aluminum sulphate is found but rarely, and in water derived from
the Pennsylvanian shales. The water from the Versailles alum well,
in Morgan County, contains 1,275 parts per million. It also occurs in
one of the springs of the Graydon group, in Polk County. Alum is a
very strong astringent, but has no other definite therapeutic character.

Carbonic acid gas is frequently found in mineral waters in small
amounts. It has a soothing effect on the mucous membrane of the
stomach and tends to allay nausea.

Hydrogen sulphide is a gas having the odor of rotten eggs and is a
common constituent of the so-called sulphur waters. It is doubtful
if this gas, especially when the amount usually ingested with the
water is considered, has any influence on the body or is of any marked
benefit in diseased conditions. Used externally, it may have some
influence in certain skin diseases. :

Warm sulphur baths may be useful in chronic lead poisoning, as that of painters.
Many of the famous sulphur waters are hot or thermal springs, and their virtues, aside

from that of their accompanying constituents, are often due to the manner in which
they are used.b

a Hessler, Robert, op. ¢it., p. 171. b Op. cit., p. 172.
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BLOWING WELLS.

There is a blowing well in Camden County, near Decaturville, and
one of greater interest on the farm of J. B. Murphy, near Raymond-
ville, Texas County. This well, which is on a hill, was drilled in 1899
to a depth of 187 feet. Soft water was struck at the bottom and rose
7 feet in the well. In a dry time, especially in the winter, the well
becomes dry. In drilling it, a cave 3 feet high was struck at a depth
of 100 feet. When the well is dry, if there is a long prevailing wind
from the north, a current of air rushes from the pipe strong enough
to blow the cap from the tubing. This fact illustrates the honey-
combed and cavernous nature of the rocks in this region. About 10
miles to the north, in the valley of Ashley Creek, is what Schooleraft
described in the account of his trip through this region in 1818 as ‘““the
valley of caves.” Here in the eroded bluffs may be seen numerous
caves which testify to the great amount of underground drainage, and
through which probably the prevailing winds are sucked underground
and carried for long distances.

The traveler passing south from the crest of the Ozark plateau,
crosses a belt throughout which sink holes prevail, a fact noticed
by Schooleraft, who refers to the locality as ‘‘the prairie of little
lakes.”” The large amount of water that soaks into the catchment
basin of the Ozark dome quickly begins its work of solution by form-
ing underground cavernous waterways, manifested at the surface in
numerous places by sink holes, many of which form ponds. The
gradual evolution of valleys by the cutting out of strata and the merg-
ing of these sink holes into continuous gorges can not be fully dis-
cussed here, but it is a most interesting phase of underground drain-
age. In some cases a section of the barrier between two sink holes
resists erosion and an arch is left which forms a natural bridge. A
beautiful illustration of this kind of erosion is found on Sinking Creek,
Shannon County, where the large stream runs through a tortuous
gorge formed by the undermining and washing out of a chain of sink
holes. In one part of its course it meets a barrier of which only the
lower portion is removed, and thus is formed the unusual natural
feature of a stream running under a mountain and continuing its
course through an eroded gorge on the other side. The channel of
this stream is 40 feet deep, and one may easily ride in a boat through
its course under the mountain. The accompanying illustration (Pl
VI, B, p. 80) shows this underground channel.

Where normal valleys cut at right angles across the line of drainage,
as in ‘‘the valley of caves,” there may be had a glimpse of a cross sec-
tion showing the vast amount of underdrainage along the south slopes
of the Ozarks. Farther south,in Shannon and adjoining counties, are
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some of the outlets of this deeper system of underground drainage, .
manifested in springs which are probably the largest in the world.
The enormous deeper seated drainage passes underneath the embay-
ment area and helps to form the artesian basin.

The numerous cases of cold-air drafts from caves, springs, and
drill wells are easily explained when the geologic structure of the
region is studied.

e
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Bonneterre limestone, character and distm-

butionof............... L. 12,14
waterin............. ...l . 14
Boone County, rainfallin.................. 7
well in, record of...... ...l 73
Booneville, water supply at - 200
Boonslick, spring at_........... . 81-83
spring at, water of, analysis of. - 82 -
wellsab. ..o i 78-83
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wells at, water of, analysis of . wellat. ... ..._.
Bowling Green, water supply at_.. .. rocks in
water supply at, analysisof............ water of, analysisof................ 44,46
Braymer, well near, record of . .._.......... 56 | Cap au Greés sandstone, correlation of...... 16
well near, rocksin........... 33 | Cape Girardeau, water supply at........... 200
Bridgeton, well near, record of. . 158 | Cape Girardeau County, rainfallin..._..... 7
Brine wells, conditions for. .. .. 4+5 TOCKS Tl oot it ieees 27
occurrence of ... .. ... L. . 31 well in, record of ... ... ... . ... 166
Broadhead, G. C., on Missouri wells... 31,162-1A3 | Caps Creek, view on...... .. ............... 20
Brookfield, water supply at 200 | Carbonic-acid gas, occurrence of......._.... 212
well at, record of 66 | Carboniferous rocks, character and distribu-
water of, analysis of 204 tionof. ... ...l 18-24
Brunswick, water supplyat........._...... 200 | Carboniferous time, history of . ............ 27-28
WS At - e oo 75-76 | Carl Junction, wells at...... 134
rocksin.._.. ... P . 31,33.76 ' Carroll County, rainfall in. 7
water of, analysis of 76 wellS in. . ... o i 57-58
Brunswick (Mo.1-Glenwood (Towa) section, recordsof.. ... ... . .....o...o.. 57,58
descriptionof .. ... ... ... ... 20-31 rocksSin. . ... ..ol 30
plate showing............. 30 Carrollton, watersupplyat ... ........... 200
Buchanan County, rainfall in... .- 7 well at, reecord of. . ... ... ............ 57
Burfordville, well at, record of . ............ 166 water of, analysisof ................ 204
Burlington Junetion, wellat............... 70-71  Carter County, rainfallin............_...._ 7
well at, record of.... ... ... - 30,70-71 rocksim.. ... ... il 12
Burlington limestone, cavesin...... e 21 well at. .. e 167
character and distribution of.. 12,18,20-21.28 record of ... ... ...l 167
deposition of.......... et 28  Carterville, springat...................... 203
view of. ...l 20 watersupply at.............. ... 200, 203
water in 2 analysisof.... ... ... ...l 209
Butler, water supply at..........._........ 200 wellat. ..ol 134
Butler County, rainfallin.... ... .......... 7 well at, water of, analysisof....._..... 134
rocks in 12 Carthage, section through, description of . 38-40
wells in 174 section through, plate showing......... 36
C.
Cairo, I1L., wells at, record of ... ........... 36,181 |
wells at, rocksin....................... 24 ' Caruthersville, water supply at.........._. 200
Cairo (Ill.)-Doniphan (Mo.) section, de- T T 177-178
seriptionof................ ... 35-36 wells at, record of . ... ....o..coiiiia... 178
plate showing.......................... 36 POCKS 1D e v ot e et e 25
Calcium salts, oceurrence of. ... ....... 212 Carver, well DOAT. . - o oo 107
Caldwell County, rainfall in. 7 | Cass County, rainfal in................._.. 7
well in, record of .__.... 56 i
rocksin.......... . 33
California, wellsnear. ...................... 92-93
wells near, record of.................... 3, water of, analysisof................ 13
Callaway County, rainfall in 7 | Cedar City, well at. ... .oooomniinnan. 74
roeksin. ... 22 | (edar County, rainfallin...............
wellsin. ...l ! rocksSin...........
recordsof..._........ ; Cedar Gap, rocks at.
water of, analysis of ! Chariton County, rainfallin._.............. 7
Callaway limestone, character and distribu- wells in 75-717
tionof.......... ...l 12,18 rocks in 31,33,76
Cambrian rocks, character and distribution | water of, analysis of ................ 76,77
(¢ 12,13-14 | Charleston, water supply at................ 200

26-27

Cambrian time, history in...
Cambro-Ordovician rocks, character and

distribution of...... e 1417 f
Cambro-Ordovician time, history of......_. 26-27 |
Camden County, rainfallin. _.._.._......... 7,
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wellsof . ... L.l 107-108 ‘
Cameron, water supply at.................. 200
Campbell, well at. . .. ................... 174-175
well at, record of ... ... ... . ... ...... 175

rocksSin.. . ... ..ol 24,25 l

Chattanooga shale, character and distribu-
12,18.27
Cherokee shale, character and distribution

[ SO, 12,18,22

Chicago, water supply of 193
Chillicothe, water supply at 200
water supply at, analysisof............ 205
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Chitwood, well at - i 29
well at, record of 7
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tion of 7
waterin................ GO
Christian County, rainfall in. . 7 | Dawn, wellnear.............ccooooiieen... 30
rocks in................... 22,28 | De Soto, watersupply at................... 200
wellsin ... 126 wellsat. ..o i 163-170
City water supplies, consumptionof........ 199 | Decaturville, blowmg well mear............. 213
descriptions of wellsat andnear..................... 107-108
quality of .- rocksin.. ..ol 32

sourees of .. oo..iiioii i 192-193 | Decaturville dome district, wells of, by
use of artesian waterfor._............. 193 couUnties. .uooueeneeaia.. 107-111
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Clarence, water supply at................... 200 | Dekalb County, rainfallin.................. 7
Clark County, rainfallin................... 7 | Dent County, rainfallin.................... 7
wells in wellsin. .. ooenieaii 127-128
record of records of .. ... ... ..... 127-138

Clay County, rainfall in Des Moines group, character and distribu-
wells in tion of 12,22-24
record of 31

water of, analysis of....... e 59 | Devonian rocks, character and distribution
Clear Creek chert, character and distribu- Oof oo 18
Devonian time, history of ... _.............. 27

water of, analysis of. ...

Clinton County, rainfallin............... .. 7
Clinton-Nevada district, underground water
5 111-112
wellsin, by counties..... ... .. ..... 113-12.
Cliquot, wellsnear... ... ... .. ... 111

Coal, oeccurrence of. ..........

Cole Camp sandstone, correlation of. 14
Cole County, rainfallin.. ... ... . 7
wellsin........... e 7778

record of ... ... ..ol
Columbia, water supply at.
el] near, record of.....

Commerce, water supply at
Concordia, water supply at
Conglomerate, occurrence and character of. 25,28

Cooper County, rainfall in_ . 7
Corry, wellat............... 145
Crawford County, rainfall in 7
roeks in.. ... 12
Cretaceous rocks, character and distribution
€5 24
Crook, James R., on mineral waters. . 210
Cross Timbers, wells near......... 109
wells near, water of, analysis of. . 109
Crowleys Ridge, topography of...... - 9,10,34
Crystal City sandstone, correlation of...... 16
Cypress sandstone, character and distribu-
tionof...................... 12,18,22

water in

Dexter, water supply at....................

Districts, topographie, deseriptions of,....
locations of, map showing......... ....
Doniphan (Mo.)-Cairo (Ill.) sect\on. de-
scription of._..

plate showing........
Doniphan (Mo.)-Hickman (Ky.) section,
description of...................

plate showing.........................
PDouglas County, rainfallin. ... .. .. .....

rocksin. ...l 15
Drainage, descriptionof....... .. ... ... 8-10
Drexel, well at 113

well at, water of, analysis of 113
Drift-well district, wells of, by counties.. 187-192
Duenweg, well at, record of................ 136
Dunkin County, rainfallin.__._... ... ... 7

wells Dol 174-175

records of .. il 175
Dyersburg, Tenn., wellat.................. 182
well at, record of ...l 182
E.

Earthquake, sand vented by............... 2,
Edgar Springs, well near, record of.. 152
Eldorado Springs, water supply at 201

Elvins formation, character and distribu-

tionof....oo..ll.. 12,14
Encrinital limestone, correlation of........ 21
Epsom salts, occurrence of.. ... ... ....... 212
Eudora Springs, sandstone at, view of..... 20
Eugene, well near, record of................ 77
Excelsior Springs, water supply at......... 201
water supply at, analysis of............ 205

wellsat. ... ol
water of, analyses of
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. . o wellat, recordof........ ... ... .. 167
Faulting, artesian conditions due to....... 5 . . .
Granite City, Ill., wellat................ 157-158
Fayette, water supply at 201
well at, recordof.. ... ... L0 157
well at..oooioviaii. . 83-84
dof 53 Grant City, water supply at ................ 201
PeCOra Ol .vwveunereineieiinne — | Graydon sandstone, character and distribu-
YOCKS iN. oo 37 .
N tionof.. ...l 12,22-23,28
water of, analysis of. 84 .
viewof.... ... 20
Ferguson, water supplyat...... 201
- . waterin.. .. ..........iiiiiiiiaaal 23
Finley limestone, correlation of............ 16
. . N N . | Greene County, rainfallin.. ... ... ........ 7
First Magnesian limestone, correlation of.. 17
. . rocksin... .. ...l 19,22,28
First sandstone, correlation of............. 16 .
Folley Ii " lati £ 17 wells in. ... ..o, 128
01y Amestone, COrrelation ot . ... ... - : records of...o.oeouniinnn.. 128-129,131-133
Forest City, well at, record of.. _... 33,62-65
Forest Citv-St. I, desor t i 33.34 water of, analysisof .. ........ .. ... 130
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plate showing...... ... ... ... ... 30
N seriptionof. .. ... ... ... . ... 41
Fort Scott limestone, correlation of._..._.. 23 .
plate showing. ... ... ... .0 36
Fortuna, wells at and near................. 94-95 . :
. Grundy County, rainfallin....._.... ... .. 7
wells at and near, location of, plan :
. Gunter sandstone, correlation of . 14
showing.......oooiiiaiiiiien. 94
Gunters, wellsnear..................... . 108
record of a5
Fossils, oceurrence of. ... ............. ... 14,28 H.
Fourth Magnesian limestone, correlation of. 14
Franklin County, rainfallin.............._. 7 | Hahatonka Lake, wellnear................
WelS .o e e 156-157 | Hale, well af, rocksin..... ... ...c.o.oous
) i N 156 ; Hannibal, water supply at...........
Fredericktown, wellsat. ... .............. 170-171 wellsat. .. oooioniiiiian
Fredericktown dolomite, correlation of..... 14 wells at, records of .......
Fuller, M. L., work in charge of ............ 2 water of, analyses of
Fulton, water supply at.................... 201 | Hannibal formation, character and distribu~
wellsat.............. 7 tionof. ... ... Lol 12,18,19-20
wells at, records of deposition of. .. ... il 27
water of, analysisof............... 75,205 R R 723 o 1 P 4,19-20
Hannibal-Higginsville section, description
G.
[o) S . 37-38
Gallatin, water supply at. ... .. ... .. 201 plate showing . 36
well near.......couiiiiiiiiii i 60 | Hardness, causes and effects of ........... 195-198
Gas wells, comparison of artesian wellsand. 3 | Harrison County, rainfall in............... 7
Gasconade County, rainfallin.............. 7 wellin. . .ot 61
Gasconade limestone, character and distri- \ record of ... ... ..o 61
bution of
wabterin... . ... .l 13
Gentry County, rainfallin... ... ... ... 7 | Henrietta limestone, eharacter and distribu-
well in, rocks in tionof.. ... . il 12,23
Gentryville, well at, rocksin.............. waterin.. ... ......iiiiiiiiiiiill 23
Geologic history, account of........ ... ... Henry County, rainfall in.._._.__.......... 7
eras Of. coiuiiiii i wellsin...........oo.oo. ... 114-119
Geologic map of Missouri recordsof ............. . 115-116,118
Geologic sections, deseriptions of. . water of, analyses of. .. 116-119
plates showing...........o...oo..... Hermann, water supply at. ... ... ........ 201
Geology, account of .. .. ... .. ... ... ... Hessler, Robert, on mineral waters...... 211,212
See also Geologic history; Rock forma- Hickman, Ky., well at, record of. .. .. 35,181
tions; Geologic sections; Geo- rocksin............... . 25
logic map. Hickman (Ky.)-Doniphan (Mo.) sectlon,
Girardeau_ limestone, character and distri- description of 35
bution of. ... ... ............ plate ShOWINE. . .« cveeieiiiiiianananas, 30
Glasgow, water supply at Hickory County, rainfallin. ... ........... 7
Glauber salts, occurrence of . 21 wellsin ..o 109-110
Glenn, L. C., on Porters Creek formation... 25 water of, analysisof................ 109
Glenstead, well at R 95 | Hickory Hills, wellsnear..........covoueen. 7
Glenwood, Towa, well at, record of. .. R 29 | Highee, water supplyat.........ooooooiaon. 201
Glenwood (Iowa)-Brunswick (Mo.) section, well at, record of. . ... ... ... 101
deseriptionof.... ... ... ... ... 20-31 |  rocksinm.........oiiiiiiiiiiiilll
plate showing. ... ... .o . ioiiiii.. 30 | Higginsville, water supplyat...............
Godfrey, Ill., well at, rocks in.. 41 well ab. o ooe il
Goodson, well near.. ... ... ...ioieniiioaas 111
Granby, water supply at................... 201 water of, analysis of ............... 205
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Of e 37-38 of oo
plate showing. ... ... ...l 36 plate showing..............
Holden, water supply at......cooooeneeao.. 201 | Kearney, well at, record of

Holt County, rainfall in.

water of, analysesof............ 81,82,84
Howell County, rainfallin.................. 7
Toeks in. ... .l 28
wellin, record of............... ... . .. 134

Hughesville, well at, record of 95
Huntsville, watersupply at................ 203
Hydrogen sulphide, occurrence of.......... 212
I.
Iberia, wellmear...............o...oooio. 110
Igneous rocks, character and disgribution of 12-13
Tllinois, wellsin........... .. ... ... 157-159, 181
wells in, recordsof......... 36, 157, 158-159, 181
Independence, water supply at............. 201
Iron County, raindallin... ... .. ... ... T
TOCKS iM.. . ooiiii i 12
wells in. ... ..ol 168
Iron Mountain porphyry, character and
distributionof............. ... 12,13
Iron salts, oceurrence of ... ................ 212
Ironton, wellsabt....................oo..... 168
J.

Jackson, water supply at.. ... ...,
Jackson County, rainiall in
wellsin.. . ...
records of. .
rocks in
Jasper County, rainfallin. ... .............C
Toeks iM. . ... . .iiiiiiiiiiiiioal .. 19
Jefferson City, water supply at
Jefterson City'limestone, character and dis-
tributionof. ... .. ... 12,14,15-16

Johnson County, rainfallin. ... ... .. ..... 7
wellin, record of. . ........ ... .. ... 86
Joneshoro, Ark., wells at 182
Joplin, water supply at........ R .20
welsat...........o.o...... . 136-139
Tecord of ... ... 136, 139

water of, analysesof...._.... 137-139, 206

K.

Kansas City, water supply at
wells at and near, records of........ 31,84-85

Kentueky, wellsin_............
wellsin, record of . ... .. ... ... .. . ...

Keokuk, Iowa, well at, record of . ...._..... 42
Keokuk (Iowa)-8t. Louis (Mo.) section, de-
seriptionof........... ... 41-43
plate showing.. ... .. ... ........ 36
Keokuk limestone, character and distnbu—
tion of. . 12,18,21,28
deposition of. . .- 28
waterin. ... ... .o ..ol 21
Key sandstone, correlationof............_. 16
Keyes, C. R., on Archean rocks. . 12-13
on St. Louis limestone...... .. 22
Kimmswick, well at, record of.............. 157
Kimmswick limestone, character and dis-
tributionof.............

King limestone, oceurrence of. .

Kirksville, water supply at.................
water supply at, analysisof.._._....... 206
well at, record of............. . 55

Kirkwood, water supply at...._ ... .201

Knob Lick granite, character and distribu-
tiomof.. .. .ol 12,13

Knox County, rainfallin................... 7

L.

La Motte sandstone, character and distri-
butionof....... ... 13-14

Laclede County, rainfall fn................. 7

wells in

records of.. ... .ol 142-143

depositionof.............
Lagrange, wellat.............

well at, records of. .

rocks in. . ..o...oiiioiiiilila.
water of, analysesof............. 44,47, 48
Lagrange formation, character and distri-
butionof....................... 12,25
water in 25
Lamar, water supply at.... .20
Lanagan, wellsat_............... . 146
wells at, water of, analyses of 146
Lawrence County, rainfallin_ .. .. eeaaes 7
TOCKS IM. . o
wells . .coueiuennann..
records of...

water of, analysisof....

Lebanon, water supply at..

wellsat.................

records of...........
Tocksin.. ... .oiiiiiiiiiiiiiiiiia.

water of, analysisof................ 206
Lebancon-Kangas City section, deseription

[
plate showing
Leeton, well in, record of
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Lineville well near......................... 68 record of .. ... .. ... 182
well near, record of .. .. ... ... ... 68 water of, analysis of. .. 183
water of, analysis'of.._.._.......... 69 | Marshall, water supply at....... .. 202
Lingulella lamborni Meek, occurrence of. ... 14 water supply at, analysisof............ 206
Linn County, rainfallin......_._._......... 7 | Marshfield sandstone, correlationof..._.... 16
wells in, records of ........... ... .. ... ‘Maryville, water supply at .202
Lithographic limestone, correlation of wellab. ..o oo 71
Litton, A., on well at St. Louis Matherly Bluff, viewof..................... 14
Livingston County, rainfall in. . Memphis, Tenn., water supply of.. - 193,202
wellsin........o.o..o.L wellsat. ... ... .. 183-185
record of ... .ol record of........... . 184
rocksin., ... ...l rocks in. ...l 25
water of, analysis of Memphis (Tenn.)-Arcadia (Kans.) section,
London, England, water supply of ......... 193 description of ..........._..... .. 34-35
Louisiana, water supply at......_.......... 202 plate showing 30
wellat. ..ol Meramec Highlands, water supply at....... 202
record of ... Mercer County, rainfallin. ..._.._..._...... 7
rocks im..... ...l Tocks iN. ... iiiiiiiiiiiiiiiiiaaoo. 24
water of, analysesof......... ..., 42,53 wells in
Louisiana limestone, character and distri- records of ... iiiaeeaoo. 68,70
butionof . ...l 12,18-19 water of, analysisof. ._._._._....... 69
Louisiana-Pleasant Iill section, des:rip- Mesozoic time, history of........_........_. 28-29
tion of MexicO, water supply at.................... 202
plate showing well at, record of .. ...l 33,72
Louisville, Ky., artesian well at water of, analysisof . .. _._...__..... 73

Luebbering, well at, record of . ............. 156
M.

McDonald County, rainfall in_ .. _......._.. 7
wellsin........... eere e 146-148
147
146

McGee, W J,on Macon well .. . _....__...... 88-89°
Macon, water supply at 202
record of ... ... ...iiiiiiiiiiials 91

rocks im.._._ ... ...l 39

Macon Couaty, rainfallin.._.. .- 7 .
wellsin.. ... ..., ... 8891
recordsof . .........._. - 89,90,91
rocks in.. ... il 39
Madison County, Ill., wellin. ... ......_.. 157-158
well in, record of............. 157
Madison County, Mo., rainfall in........... 7
Tocks Im._ ... ... oLl 2
wellsin................. .. 170-171
'Magnesium salts, occurrence of. . 212
Malden, water supply at...... .. 202
Malta Bend, wed ab.....oooviiiiinaan. 104-105
wellat, record of ................ ... 38,105
Manchester, England, water supply of..... 193

Magquoketa shale, character and distribu-

tiomof.. ...l 12,17,27

wellsin. ... ...oooiiiiilt
record of
Mineral salts, occurrence of, in artesian

4,
5,19, 31, 44, 59, 81-83, 103, 104, 209-212
Mineral springs, occurrence of. .. 59,81-83,103, 104

Mississippi County, Ark., wellsin........ 185-187
wells in, water of, analysesof.......... 186
Mississippi County, Mo., rainfall in........ 7
Mississippian rocks, character and distribu-
tionof............ii.l 18-22
Missouri, growth of. .. ...... ... ..., 1
rainfall in...o.o. o ool 6-7
wellsof ..o 1
Missouri group, character and distribution
Of e
water in...
Missouri River, developmentof.........._.

Moberly, water supply at
water supply at, analysis of

wellab. . ..ol
record of ... ... ..oLiiiial 39,102-103
Moberly-Nevada-Carthage-Springfield sec-
tion, descriptionof..........._.
plate showing....................

Monett, water supply at .
water supply at, analysisof............
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Moniteau County, rainfallin..._............ 7
wellsin. ... ...........
recordsof... ... ......

Monks Mound, IH., well at

well at, record of ... .. ... ... ...

Monroe County, rainfallin. .. _............ 7
Montgomery City, water supply at. . 202
Montgomery County, rainfall in.. R 7
Moreau sandstons, correlation of. - 15
Morehouse, well at. ... . ... ..ol 174-175
well at, recordsof .. .. ... ...... 35,174,175
rocksin..............._. ... 24,25

water of, analysis of 175
Morgan County, rainfallin. ....._.......... 7
rocksin.... ...l 15
wellsin. ... ...l . 94-95
record of........ ...l R 95

Mound City, water supply at 202

Mount Pleasant Mill, well near, record of. 150-151

Mount Vernon, spring at ..202
watersupplyat.. ... . 202
Municipal water supplies. See City water
supplies.

N.

Nadine, well near. recordof.. .............
Naylor, well near
Nelsonville, wells at

wells at, record of.... -
Neosho, water supply at...................

wellsnear. ... ... ...
record of.............. ... 151
water of, analysis of . 151
Nevada, section through, description of.... 38-40
section through, plate showing._..._..... 36
watersupplyat... ... .. ...l 202
analysisof................ . 207
wellat.... . 121-123
record of 122,123
rocks in.....o..oiiiiiil, 40
water of, analysisof . ............ .. 121

Nevada district. See Clinton-Nevada dis-
trict.
New Madrid, wellat......................
well at, record of.................
rocks in

Newton County, rainfall in. ..
wellsat. . .. ...l

wellsin. .. ... ... ... ... 70-71
record of .......o.iiiiiiiaill. 70-71

Noel, well at. ... ..o, 146-147
well at, record of ... ... . ........... 147

North-central prairie district, geology and

underground waters of 55
location of, figure showing......... 8
topography of .. ... ... ...l 8
wells of, by counties. _.................. 55-71
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Northeastern district, geology and under-
ground watersof......._.......

wells of, by counties. ...
Northwest plateau district, location of, fig-
ure showing....................
topographyof. ... . .. . ... . ...
Norton, W. H., on artesian wells
onscaleinboilers............. ... ...

0.
Oakwood, wellat. ... .. . ... ........... 51
well at, water of, analysisof....__..._. 51
Ohio shale. See Chattanooga shale.
Olean, wellsat andnear. ................... 91-92
wells near, record of.................. 91
Orange 3and, correlationof................ 25
Ordovician rocks, character and distribu-
tionof. ... . ...l 17
Ordovician time, historyin_............... 27
Oregon, water supply at.. ... ..... .. ... 202
water supply at, analysis of. . e 207
Oregon County, rainfaflin................. 7
Orrice, well at, rocks in...................... 32
Osage County, rainfall in 7
Osage limestone, correlation of 14
202
121
202
126
Ozark border district, location of, figure “4
showing 8
topography of......_._. 9
Ozark County, rainfall in... 7
Tocks in...oeeeoiiiie 15
wellin, recordof...... . ... ......... 152
Ozark Mountains, formation of............ 28
Ozark-8t. Francis ddme district, location of,
figure showing 8
topographyof............... 8-9
Ozarkia, definition of 27
rocksof .. ...l 27
P.
Pacific, rocksat. ... ... il 41
water supply at 202
Pacific (Mo.)-Greenville (T1l.) section, de-
seriptionof. ... ... ... ... 41
plateshowing........ . ... ... . 36
Pacific sandstone, correlationof.._._....... 16
Palmyra, springat..........._. 203
water supply at.._....... 203
wellat. .. ........... ... 51
water of, analysis of 51
Paris, France, artesian wellat............. 3
water supply of e 192
Paris, Mo., watersupplyat................ 203
Pawnee limestone, correlation of........... 23
Pegmatite, occurrence and characterof.... 13
Pemiscot County, rainfall in. . . .. 7
wellsin. . ..........oo.l . 177178
recordof................. . 178
water of, analysisof .. .............. 178
Pennsylvanian rocks, character and distri-
bution 0" ... 22-24

waterin....... .........
Perry, wells near, records of
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wellsin.............. 53-54,100-101
recordof... ... ... ... 53,100,101
water of, analysisof ... ... .. ... ... 54
Randolph County, rainfall in. . 7
‘ springsin................ . 103-104
! water of, analysis of. ... 104
wellsin.. ...l 101-103
records of ... ...l 101-103
wells in, recordsof............... | Randolph Springs, springsat..... - 103-104
Phelps sandstone, deposition of ! springs at, water of, analysisof . ....... 104
occurrence of. .. ..........o.... i well at. ... o oo 103
Pierce City, springat_ ......._.............. ! Ray County, rainfall in 7
watersupply at_ .. .. ... . ... ... Raymondyville, blowing well near_.......... 213
well at, record of...  Raytown, well at, rocks in e 32
Pike County, rainfall in | Regent Springs, water of, quality of....... 59
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6 pls.
B 297. The Yampa coal field, Routt County, Colo,, by N. M, Fenneman, Hoyt S. Gale, and M, R.
Campbell. 1906. 96 pp., 9 pls.
B 300. Economic geology of the Amity quadrangle in eastern Washington County, Pa., by F. G.
Clapp. 1906. 145 pp., 8 pls.
B 303. Preliminary account of Goldfield, Bullfrog, and other mining distriets in southern I\ex ada, by
F. L. Ransome; with notes on Manhattan district, by G. H. Garrey and W. H, Emmons.
1907. 98 pp., 5 pls.
B 304. Oil and gas fields of Greene County, Pa., by R. W. Stone and F. G. Clapp. 1907. 110 pp., 3 pls.
WS 188. Water resources of the Rio Grande Valley in New Mexico and their development, by W. T.
Lee. 1906. 59 pp., 10 pis.
B 306. Rate of recession of Niagara Falls, accompanied by a report on the survey of the crest, by
W. Carvel Hall. 1906. 31 pp., 11 pls.
PP 56. Geography and geology of a portion of southwestern Wyoming, with special reference to coal
and oil, by A. C. Veatch. 1907. — pp., 26 pls.
B 305. Ageologic reconnaissance in southwestern Nevada and eastern California, by S. H. Ball. 1907,
218 pp., 8 pls.
B 309. The Santa Clara Valley, Puente Hills, and Los Angeles oil districts, southern California, by
G. H. Eldridge and Ralph Arnold. 1907. 266 pp., 41 pls.
PP 57. Geology of the Marysville mining district, Montana, a study of igneous intrusion and contact
metamorphism, hy Joseph Barrell. 1907. 178 pp., 16 pls.
WS, 191, The geology and water resources of the western portion of the Panhandle of Texas, by C. N.
Gould. 1907. 70 pp., 7 pls.
B 311, The green schists and associated granites and porphyries of Rhode Island, by B. K. Emerson
and J. H. Perry. 1907. 74pp., 2 pls.
WS 195, Underground waters of Missouri, their geology and utilization, by Edward Shepard. 1907.
224 pp., 6 pls.

SERIES O, UNDERGROUND WATERS.

WS 4, A reconnaissance in southeastern Washington, by I. C. Russell. 1897. 96 pp., 7 pls. (Out of
stock.)

Ws 6. Underground waters of southwestern Kansas, by Erasmus Haworth. 1897, 65 pp., 12 pls.
(Out of stock.)

WS 7. Seepage waters of northern Utah, by Samuel Fortier. 1897. 50 pp., 8 pls. (Out of stock.)

WS 12. Underground waters of southeastern Nebraska, by N. H. Darton. 1898. 56 pp., 21 pls. (Out
of stock,)

WS 21. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pls. (Out of stock.)
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WS 26, Wells of southern Indiana (continuation of No. 21), by Frank Leverett. 1899, 64pp. (Out
of stock.)

WS 30. Water resources of the Lower Peninsula of Michigan, by A. ¢, Lane. 1899. 97 pp., 7pls. (Out
of stock.)

WS 31. Lower Michigan mineral waters, by A. C. Lane. 1899. 97 pp., 4 pls. (Out of stock.)

W8 34. Geology and water resources of a portion of southeastern Seuth Dakota, by J. E. Todd. 1900,
34 pp., 19 pls.

W8 53. Geology and water resources of Nez Perces County, Idaho, Pt. I, by I. C. Russell. 1901,
86 pp., 10 pls. (Out of stock.)

Ws bi, Geology and water resources of Nez Perces County, Idaho, Pt. II, by I. C, Russell. 1901,
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WS 55. Geology and water resources of a portion of Yakima County, Wash., by G, O. Smith. 1901,
68 pp., 7 pls. (Out of stock.)

‘WS 57. Preliminary list of deep borings in the United States, Pt. I, by N, H. Darton. 1902, 60 pp.
(Out of stock.)

W8 59, Development and application of water in southern California, Pt. I, byJ. B. Lippincott. 1902,
95 pp., 11 pls. (Outof stock.) '

WS 60. Development and application of water in southern California, Pt. II, by J. B. Lippincott.
1902. 96-140 pp. (Out of stock.)

WS 61. Preliminary list of deep borings in the United States, Pt. IT, by N. H. Darton, 1902. 7 pp.
(Out of stock.)

WS 67. The motions of underground waters, by C. 8. Slichter, 1902. 106 pp., & pls. (Out of stock,)

B 199. Geology and water resources of the Snake River Plains of Idaho, by I. C. Russell. 1902. 192
pD., 25 pls.

WS 77. Water resources of Molokai, Hawaiian Islands, by Waldemar Lindgren. 1903. 62 pp., 4 pls.

WS 78. Preliminary report on artesian basin in southwestern Idaho and southeastern Oregon, by L. C.
Russell, 1903. 53 pp., 2 pls.

PP 17. Preliminary report on the geology and water resources of Nebraska west of the one hundred
and third meridian, by N. H. Darton. 1903. 69 pp., 43 pls.

WS 90. Geology and water resources of a part of the lower James River Valley, South Dakota, by
J.E. Todd and C. M. Hall. 1904. 47 pp., 23 pls.

W 101. Underground waters of southern Louisiana, by G. D. Harris, with discussions of their uses for
water supplies and for rice irrigation, by M, L. Fuller. 1904 98 pp., 11 pla.

WS 102. Contributions to the hydrology of eastern United States, 1903, by M. L. Fuller. 1904. 522 pp.

WS 104. Underground waters of Gila Valley, Arizona, by W. T. Lee. 1904. 71 pp., 5 pls.

WS 106. Water resources of the Philadelphia district, by Florence Bascom. 1904. 75 pp., 4 pls.

WS 110. Contributions to the hydrology of eastern United States, 1904; M. L. Fuller, geologist in
charge. 1904. 211 pp., 5 pls.

PP 32. Geology and underground water resources of the central Great Plains, by N. H. Darton. 1904,
433 pp., 72 pIs.  (Out of stock.)

WS 111. Preliminary report on underground waters of Washington, by Henry Landes. 1004, 85 pp.,
1pl .

WS 112, Underflow tests in the drainage hasin of Los Angeles River, by Homer Hamlin, 1004,
55 pp., 7 pls.

WS 114. Underground waters of eastern United States; M. L. Fuller, geologist in charge. 1904,
265 pp., 18 pls.

WS 118. Geology and water resources of east-central Washington, by F. (. Calkins. 1905, 93 prn.,
4 pls.

B 252. Preliminary report on the geology and water resources of central Oregon, by I C. Russell.
1906. 138 pp., 24 pls.

WS 120. Bibliographie review and index of papers relating to underground waters, published by the
United States Geological Survey, 1879-1904, by M. L. Fuller. 1905. 128 pp.

WS 122, Relation of the law to underground waters, by D. W. Johnson. 1905. 55 pp.

WS 123, Geology and underground water conditions of the Jornada del Muerto, New Mexico, by
C. R. Keyes. 1905. 42 pp., 9 pls. (Out of stock.)

WS 136. Underground waters of the Salt River Valley, by W. T. Lee. 1905. 194 pp., 24 pls.

B 264. Record of deep-well drilling for 1904, by M. L. Fuller, E. F. Lines, and A. C. Veatch. 1905,
106 pp.

PP 44. Underground water resources of Long Tsland, New York, by A. C. Veatch and others. 1905.
394 pp:, 34 pls.

WS 137. Development of underground waters in the eastern coastal plain region of southern California.

. by W. C. Mendenhall. 1905. 140 pp., 7 pls.

WS 138. Developmentof underground watersin the central coastal plain region of southern California,
by W. C. Mendenhall, 1905. 162 pp., b pls.

WS 139. Development of underground waters in the western coastal plain region of southern California,
by W. C. Mendenhall. 1905. 105 pp., 7 pls.

WS 140. Field measurements of the rate of movement of underground waters, by C. 8. Slichter. 1905.
122 pp., 16 pls.
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WS 141. Observations on the ground waters of Rio Grande Valley, by €. 8. Siichter. 1905. 83 pp.,
5 pls,
WS 142, Hydrology of San Bernardino Valley, California, by W. C. Mendenhall, 1905. 121 pp., 13 pls.
WS 145. Contribntions to the hydrology of castern United States; M. L. Fuller, geologist in charge.
1905. 220 pp., 6 pls.
WS 148. Geology and water resonrces of Oklahoma, by C. N. Gould. 1905. 178 pp., 22 pls.
WS 149. Preliminary list of deep borings in the United States, second edition, with additions, by
N. H. Darton. 1905. 175 pp.
PP 46. Geology and underground water resources of northern Louisiana and southern Arkansas, by
A. C. Veatch. 1906. 422 pp.. 51 pls..
WS 153. The nnderflow in Arkansas Valley in western Kansas, by C. 8. Slichter. 19¢6. 90 pp., 3 pls.
(Out of stock.)
WS 154, The geology and water resources of the eastern portion of the Panhandle of Texas, by C. N,
Gould. 1906. 64 pp., 15 pls.
WS 1565. Fluctuations of the water level in wells, with special reference to Long Island, New York,
by A. C. Veatch. 1906. 83pp., 9 pls.
W8 157. Underground water in the valleysof Utah Lake and Jordan River, Utah, by G. B. Richardson.
1906. 81 pp., 9 pls.
W8 158, Preliminary report on the geology and underground waters of the Roswell artesian area,
New Mexico, by C. A. Fisher. 1906. 29 pp., 9 pls. :
PP 52. Geology and underground waters of the Arkansas Valley in eastern Colorado, by N. H.
Darton. 1906. 90 pp., 28 pls.
W8 159. Summary of underground-water resources of Mississippi, by A. F. Crider and L. .. Johnson.
1906. 86 pp., 6 pls. -
PP 53. Geology and water resources of the Bighorn basin, Wyoming, by C. A. Fisher. 1906. 72 pp.,
16 pls.
W8 160. Underground-water papers, 1906, by M. L. Fuller. 1906. 104 pp., 1 pl. (Out of stock.)
WS 163. Bibliographic review and index of underground-water literature published in the Uuited
States in 1905, by M. L. Fuller, F. G. Clapp, and B. L. Johnson. 1906. 130 pp.
WS 164. Underground waters of Tennessee and Kentucky west of Tennessee River and of an adja-
_cent area in Illinois, by L. C. Glenn. 1906. 173 pp., 7 pls.
W8 181. Geology and water resources of Owens Valley, California, by W. T. Lee. 1906. 28 pp., 6 pis.
(Out of stock.)
WS 182, Flowing wells and municipal water supplies in the southern pol'tl()l) of the Southern Penin-
sula of Michigan, by Frank Leverett and others. 1906. 292 pp., 5 pls.
WS 183. Flowing wells and municipal water supples in the middle and northern portions of the
Southern Peninsula of Michigan, by Frank Leverett and others. 1906. 393 pp., 5 pls.
B 298. Record of deep-well drilling for 1905, by M. L. Fuller and Samnel Sanford. 1906. 299 pp.
WS 184. The underflow of the South Platte Valley, by C. 8. Slichter and H. C. Wolff. 1906. 42 pp.
WS 188. Water resources of the Rio Grande Valley in New Mexico and their development, by
W. T. Lee. 1906. 59 pp., 10 pls.
WS 190. Underground waters of Coastal Plain of Texas, by T. U. Taylor. 1907. 73 pp., 3 pls.
W8 191. Geology and water resources of the western portion of the Panhandle of Texas, by C. N.
Gonld. 1907. 70 pp., 7 pls.
WS 195. Underground waters of Missouri; their geology and utilization, by Edward Shepard. 1907.
224 pp., 6 pls.

The following papers also relate to this subject: Underground waters of Arkansas Valley in eastern
Colorado, by G. K. Gilbert, in Seventeenth Annual, Pt. II; Preliminary report on artesian waters of a
portion of the Dakotas, by N. H. Darton, in Seventeenth Annual, Pt. II; Water resources of Illinois,
by Frank Leverett, in Seventeenth Annual, Pt. II: Water resources of Indiana and Ohio, by Frank
Leverett, in Eighteenth Annual, Pt. IV; New developments in well boring and irrigation in eastern
South Dakota, by N. H. Darton, in Eighteenth Annual, Pt. IV; Rock waters of Ohio, by Edward
Orton, in Nineteenth Annnal, Pt. IV; Artesian-well prospects in the Atlantic coastal plain region, by
N. H. Darton, Bulletin No. 138.
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