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UNDERGROUND WATER RESOURCES OF IOWA
INTRODUCTION

BY W. H. NORTON.

SCOPE OF THE WORK

The investigation of the underground water resources of Towa
was planned and carried out along three lines, The artesian
waters of the state were studied by W. H. Norton, the waters
of the drift and country rock by Howard E. Simpson, O. E.
Meinzer and a number of assistants, and the chemical and indus-
trial qualities of all ground waters by W. S. Hendrixson. Three
reports were therefore submitted for publication. It was later
decided, however, to publish these in a single volume. In the edi-
torial recasting thus made needful the three reports have been
combined, so that several chapters are now composed of excerpts
taken from the work of two or more writers, but throughout the
volume each writer is responsible for all statements respecting .

“his allotted field of investigation. In each of the county reports
data as to the artesian wells of the district and forecasts of
artesian conditions for towns not now supplied with deep wells
have been inserted from the report of the senior author.

The line of demarcation between artesian waters and waters
of the drift and of the country rock—that is, the rock which
outerops at the surface or immediately underlies the drift—
though not everywhere exact, is fairly definite and was placed
where it would best subserve the uses of the public. The ar-
tesian waters of the state, except some of minor importance, rise
from a few related formations of early Paleozoic age. These for-
mations underlie practically the entire state and form a well-
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defined artesian system. The water beds or aquifers of this sys-
tem are as a rule readily distinguished frem those of the coun-
try rock as well as from those from the drift, but in one or.two of
the northeastern counties cf the state the artesian aquifers ap-
proach the surface and might be included in the country rock.

In the investigation of the waters of the drift and of the coun-
try rock, the county was made the areal unit, and each county in
the state was visited and studied. The officizls of each rown
wers asked to contribute the facts as to:.the municipal water
supply. From the well drillers were procured data of great
value as to the type of wells in common use, their depths in dif-
ferent localities, the materials they passed through, and the
sources from which they drew their waters. As lezs than a week
could be given, on the average, to each of the 99 counties of the
state, the investigatiocn was necessarily far more cursory than
could have been wished. Fortunately the Iowa Geological Sur-
vey had nearly completed its areal work with the county as the
nnit, and thus a large amount of material was at haud relating
1o the geclogic conditions which control the distribution of
ground water, the topography of the state, and the structure
and composition of the country rock, and of the Quaternary de-
posits (ground moraines of successive ice invasions with their
mmtwash sands and gravels and interbedded deposits of inter-
glacial epochs). All thiz materizl, both published and unpub-
lished, was genercusly placed at the disposal of the writers by
the late Dr. Samuel Calvin, director of the Towa Geclogical
Survey, and it has been very freely drawn upon in each of the
county reports.

OBJECT OF THE INVESTIGATION

The need of the scientific inveztigation of artesian waters is
obvicus to all. Many of these deep zones of flow lie far below
the surface and below the sources that supply the common#vells.
The local well driller can not be expecled to know either the
quantity or the quality of artesian waters or the depth at which
they can be reached. Town councils in considering municipal
supply often send committees to the nearest towns which have
deep wells to obtain such facts as may threw light upon the loeal



INTRODUCTION . 33

problem. Information thus gathered may be useful or it may
be misleading; it is always insufficient and inconclusive, There
is needed the skillful interpretation of data collected from a wide
area, a knowledge of the geologic structure and acquaintance
with the distribution and movements of deep waters. For house
wells in towns, and for common farm wells, the knowledge of local
conditions held by the well drillers of the distriet is ordinarily
cufficient. Yet even here a scientific knowledge of general as
well as local conditions often makes it possible to suggest new
and better sources of ground water or new and better methods
of utilizing those now in use.

The object of the investigation, whose results are here pre-
sented, is to furnish to each community so far as possible de-
ductions made from the entire body of facts obtainable, showing
whether artesian water can be found at that locality, at what
depths it may be reached, through what formations the drill
must pass, what mineral compounds—healthful or harmful—
the water is likely to contain, how high it will rise, how large .
will be its discharge, and how such a supply will compare in cost,
purity, permanence, and general availability with that from
other sources.

COOPERATION WITH THE UNITED STATES GEOLOG-
ICAL SURVEY

So far as the investigation concerns artesian waters, it has
been carried on jointly by the United States Geological Sur-
vey and the Towa Geological Survey. The State Survey began
this investigation at the time of its inception, the work being
under the charge of W. H. Norton. The earlier results are pub-
lished in its annual reports.’ Since 1896 the Towa Survey has
continued to gather data and to furnish to towns, corporations,
and individuals all obtainable information relating to deep wells,
togethier with forecasts of local artesian conditions. The cooper-
ation between the state and national surveys has resulted in a
more thorough investigation.

In the present report free use is made of all material gathered
under the direction of both surveys. It seems desirable to col-

1Aann. Rept. Iowa Geol. Survey, vol. 3, 1803, pp. 169-210; vol. 6, 1806, pp. 115-428
3
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lect in one report the entire body of data relating to the sub-
ject as a basis for the deductions which may be drawn there-
from.

GEOLOGIC INVESTIGATION OF WELLS
MEANS OF INVESTIGATION.

The distribution and the quality of artesian waters are so
intimately connected with geologic conditions that their profit-
able study must concern itself first with the attitude, the tex-
ture, and the composition of the deep rocks from which the
waters rise. In a general way much may be inferred as to
these features from the character of the formations where they
outerop, for here their thickness may be measured and their
various physical characteristics may be observed. The dip or in-
clination of any terrane gives some clue to the probable depth
at which it may be found at a given distance from the outcrop.
But in an area so large as Jowa formations that dip below the
surface may be expected to thicken or to thin, to pinch out, to
be replaced by other formations which may have no outcrop,
to change their chemical composition or their texture, and to be
affected by various upwarps and downwarps which may have
no surface expression.

For all these reasons the investigation of the deeper water
beds must be based not only on the surface geology of the state
but also on all geologic facts obtainable from drill holes as to
the strata through which they have passed as set forth in the
logs of drillers and the samples of the rock cuttings of the drill.
From these data the attempt is made to correlate the strata
penetrated by any well with known terranes outcropping else-
where and found in other wells, to ascertain the geologic forma-
tions to which the strata belong, and thus to construect a geologic
section at the locality of the well to the depth of the boring.
By connecting the sections of different wells in different parts
of the state, cross sections may be had which show the geologic
structure of many parts of the area to depths of 2,000 and even
of 3,000 feet, and which indicate the depth to which new wells
in the area must be sunk to reach the deep-lying water beds.
Plates V to XVIII supply examples of such sections in different
parts of the state.
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AVAILABLE DATA.

The data on which a geologic investigation of deep wells must
rest consist of records made and samples of drillings collected
when the well was put down. Necessarily they are largely sec-
ond-hand and are incapable of verification. A report such as
this deals with thousands of statements and observations made
by many individuals, and the writer can do little except to deter-
mine the lithologic character of deep-well drillings, and in draw-
ing inferences from these he must accept the reports of others
as to the thickness and location of the strata which they repre-
sent. Fortunately, many owners of deep wells and many other
citizens realize the scientific and practical value of the facts
which can be obtained when a well is being drilled and at that
time only, and these persons have placed on record many val-
uable data as to diameters of the bore and casings, fluctuations
of water in the tube, depth, discharge, and head of water hor-
izons, and have obtained both the driller’s log and samples of
the drillings. In practically every place where such data have
been gathered and preserved they have been placed at the ser-
vice and disposal of the surveys. Unfortunately, of many wells
little or nothing, except the existing head, discharge, and quality
of the water, is known or can ever be known. In many parts
of the state the writer is quite in the dark as to artesian con-
ditions and is unable to make reliable forecasts for towns de-
siring to sink deep wells, not because no deep wells have ever
been drilled within the area, but because when they were put
down no record was made of the essential facts.

SAMPLES OF DRILLINGS.

COLLECTION AND STORAGE.

Since the beginning of this investigation a special effort has
been made to obtain full sets of samples of the drillings of the
deep wells of the state, and it is on these samples that the geo-
logic part of this report is largely based. Where such samples
are taken directly from the slush bucket and labeled at once
with the exact depth from which they were drawn, they form
the most authentic record possible of the strata penetrated.
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‘When thus taken, at intervals not exceeding 10 feet. and at every
““change’’ in the strata, they afford a lithologic record and sec-
tion inferior in value only to an exposure of the edges of the
strata in an outcrop. Such reliable data have been obtained
from an exceptionally large number of Towa deep wells.

The value of sets of cuttings from some wells has been im-
paired by the neglect of precauntions which should be obvious.
Thus, if the samples are taken only at every ‘‘change’’ of the
strata, it is left entirely to the judgment of the workman who
empties the contents of the slush bucket to decide whether or
not there has been any change. - Several hundred feet of lime-
stone, including two or more geologic formations, may be rep-
resented by a single sample. The depth is not always carefully
taken, and remeasurements of the well on completion have
shown that the driller’s estimates of depth placed on samples
or in the log were icorreet. If, however, the inaccuracy affects
all depths about alike little serious error is likely to result.

Some samples of drillings seem to have been labeled from
memory after a considerable lapse of time. This fact affords
an explanation of the reported ocecurrence of drift clays 1,000
feet and more below the surface, and perhaps also iof the
occurrence of several samples of nonmagnesian limestones of
Platteville facies below the Saint Peter sandstone. Some sam-
ples seem to have been scraped up from the ground instead of
being taken in some clean receptacle immediately from the sand
punp. The cinders which may be included are easily disre-
garded, but the admixture of chippings from higher levels is
serious. Im one or two extreme cases it seems probable that at
the completion of the well the workmen went over the outwash
from the slush bucket, dug up a sample here and there, and
labeled 1t according to their recollection. But even'such a record
may be of value if nothing better is available, ’

The samples collected under the direction of the United States
Survey were sent to Washington in stout canvas bags provided
with labels and were there transferred to wide-mouthed glass
hottles with serew aluminum covers. In the collection made
earlier for the Towa State Survey most of the samples were
taken directly from the slush bucket, put into empty cigar boxes,
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labeled, and shipped to the writer at Mount Vernon, where they
were transferred to wide-mouthed glass bottles for permanent
preservation, each sample being thus kept separate and access-
ible. Some wof the samples presented to the survey had been
mounted in long glass tubes, in which the chippings of any ter-
rane are supposed to occupy a space proportional to the actual
thickness of the terrame. Such a method of mounting has a
certain advantage for purposes of exhibition, but its disadvan-
tages are so great that it must be unqualifiedly condemned. The
drillings from different strata settle and tend to mix. They can
not be taken from the tube for study, and no adequate inspec-
tion can be made through the glass. Sooner or later the long
tube is sure to be broken and the record of the geologic sec-
tion is irretrievably lost.

Drillings should not be washed. When the drill is working
in a pure limestone washing does little harm, for it removes
only the fine flour of the stone, whose quality is fully repre-
sented in the larger chippings. But with some marls and shales
and with clayey sandstones the removal of the finer material
in washing leaves a residue far from representative of the rock.
In some sets certain samples had been washed and others not,
thus making error possible in the determinations, except where
the treatment to which the cuttings had been subjected was in-
dicated on the labels or could be told by inspection.

For all scientific purposes samples should be taken directly
from the sand pump at every 5 or 10 feet, at the end of a clean-
ing out, and at every change of stratum. They should be placed,
unwashed, in wide-mouthed bottles or glass jars (one to four
ounce bottles are large enough) and plainly and accurately la-
beled in india ink with the names of the town or other location

and of the owner, the date, and the depth from which each was
taken.

STUDY OF SAMPLES.
PETROGRAPHIC EXAMINATION.

The drillings were studied petrographically as an aid in ident-.
ifying from well to well, the strata from which they came. With:
some samples a simple inspection was sufficient, but, as a rule.
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this inspection was supplemented by other tests, Under polar-
ized light in the field of the petrographic microscope the min-
erals making up the meal or flour of the drillings were gener-
ally readily determined and their relative proportion in the
rock was roughly indicated by their proportion in the miecro-
scopic field. Crystalline silica, flint and chalcedony, gypsum and
anhydrite, glauconite, pyrite, and calcite—to mention only com-
mon minerals of the sedimentary rocks—were thus distinguish-
ed. The microscope was used also in determining the texture
of such rocks as oolites, fine-grained sandstones composed of
angular quartzose particles, sandstones of grains of crystalline
quartz of various degrees of rounding and assortment, and sand-
stones whose grains have been enlarged by secondarily depos-
ited silica. Limestones were tested with weak cold hydrochloric
acid, free effervescence indicating 'a small percentage or total
absence of magnesium carbonate, and a slow and feeble effer-
vescence a high percentage of the same carbonate, unless at-
tributable to siliceous or other impurities. Residues after di-
gestion in strong acid determined the argillaceous and siliceous
contents of impure limestones. The relative amount of mag-
nesium carbonate in some limestones was roughly estimated
after a solution in hydrochloric acid had been neutralized with
ammonium carbonate and treated successively with ammonium
oxalate and hydric disodic phosphate. Through the kindness of
Dr. Nicholas Knight, professor of chemistry in Cornell College,
Towa, the services of several of his advanced students were
placed at the disposal of the writer, and a number of quantita-
tive analyses of samples of terranes of special interest were
made in the chemical laboratory of that college.

POSSIBILITIES OF ERROR.

Mention should be made of certain possibilities of error in
any determination of the nature and thickness of the rock by
means of drillings.

The most serious of these errors is due to fewness of sam-
ples. Where, as in some deep wells, samples are taken at reg-
“ular intervals of 100 feet, little indeed can be determined as to
the geological succession. Where samples are taken at irregu-
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lar or considerable intervals, it may be naturally assumed that
each sample represented to the driller a stratum of homogen-
eous rock and that each sample was taken at the change and thus
designates the summit of its own terrane and the base of the
terrane above it. This assumption may or may not be correct.
Any such sample may possibly be taken midway or at any
other point within a terrane instead of at its top, and the as-
sumed thickness of one terrane may be as much too little as that
of the next terrane is too great. This source of error is avoided
when a sample is labeled not only with its own depth but with
the upper and lower limits of the stratum which it is supposed
to represent, In the columnar geologic sections of this report
the uncertainty attaching to the thickness of a terrane from this
cause is indicated by drawing the terrane over the area of
uncertainty as a right triangle with apex downward. (See Tip-
ton section, Pl. X.)

Another source of possible error lies in the fact that the con-
tents of the slush bucket may not correctly represent the rock in
which the drill is working. Along with cuttings from the con-
tiguous rock are fragments of other and higher strata. The vib-
ration of ropes and rods and the lifting and lowering of the drill
and other implements may detach pieces of rock from any higher
stratum. Caving shales and incoherent sandstones furnish a
large admixture of shale and sand to the euttings at the bottom
of the drill hole. Thus black coaly shale from the Coal Measures
(Pennsylvanian) may be recognized in otherwise clean limestone
chips of the Mississippian or inferior terranes; the fossiliferous
green shale of the Platteville is seen mingled with cuttings in
the dolomites of the Prairie du Chien stage; and the Saint Peter
and Jordan sandstones contribute a large arenaceous content io
the cuttings of the dolomites below.

‘Where strata of different character alternate at short inter-
vals the mingling of cuttings makes the determination of the
rocks peculiarly difficult. Drillings from Ordovician and Cam-
brian strata below the Saint Peter in many places contain a mix-
ture of rolled quartz grains and chips of dolomite, and it may be
a delicate question to decide whether the sand is wholly foreign,
having fallen in from water-washed, loose, overlying sandstones,
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or whether it is more or less native—that is, whether the sample
represents either a pure dolomite on the one hand or an aren-
aceous dolomite or a calciferous sandstone on the other. If it is
decided that some of the sand is native to the stratum, it still
remains to be discovered whether the sand is disseminated
through the dolomite or exists in thin interbedded layers. In
some samples an interbedded sand grain or mold of sand in some
larger chips of dolomite may decide in favor of dissemination.

In some drillings material fallen from above may be dis-
tinguished by its lithologic nature or by the size or shape of its
fragments. The dislodged pieces from the sides of the drill hole
should as a rule be larger than drill cuttings and of different
shape. Fragments of easily worn shales fallen from overlying
beds soon assume a rounded form. But in many wells, as, for
example, where fragments from above have themselves been
cut into chips by the drill, these tests are not decisive and the
real nature of the bottom rock must be left in some doubt. To
keep distinct the facts observed in the study of well drillings
from the inferences drawn by the observer, a complete statement
of the composition of the drillings should be given as well as
an opinion as to the character of rock which they represent.

CORRELATION OF ROCK FORMATIONS.

The methods in correlation and the degree of certainty to be
attained must next be considered. If an unbroken series of drill-
ings from the top to the bottom of the well has been obtained,
by what methods can the different rocks thus represented be
assigned to known formations?

FOSSILS.

The occurrence of a series of fossils in a given terrane—the
sure means employed by the geologist whenever possible in his
correlations—is lacking in well records and samples. The drill
cuts and crushes the harder rocks to fine meal or powder and
the softer to small chips. It is the rarest of good fortune that
the drill leaves any fossil unbroken into unidentifiable frag-
ments. The smaller the fossil the greater its chances of escape.
The minute tests of the foraminifer Fusulina are sometimes ob-
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tained intact in considerable numbers from certain strata in the
Coal Measures. Rocks fallen from higher strata in the drill
hole give fragments of considerable size, and when these are
fossiliferous and their own horizon can be determined by lith-
ologic identity, they are of the greatest value. Thus the caving
green shale of the Platteville is in places highly fossiliferous
and its fragments, along with bits of Ordovician brachiopods
characteristic of the horizon, are often brought up when the drill
is working in the subjacent strata. But such fossils will be a
source of the gravest error if it is assumed that they belong to
the same formation as that of the cuttings brought up with them
from the bottom of the well.

LITHOLOGIC SIMILARITY.

The lithologic method employed by geologists in the field in
tracing a terrane from point to point is by no means infallible
when applied in studies of deep wells, but it is used when other
methods are lacking. Certain terranes exhibit the same well-de-
fined lithologic characteristics over a large part of Iowa and ad-
jacent states. The coaly shale of the Pennsylvanian can hardly
be mistaken for the calcareous (mud rock) shale of the Ma-
quoketa, nor can either be confounded with the glauconiferous
shales of the Cambrian. The white erystalline encrinital lime-
stone and the cherts and oolites and geodiferous beds of the
Mississippian are diagnostic, and the same is true of the arena-
cous cherty dolomites of the magnesian Prairie du Chien stage.
The presence of anhydrite or gypsum in certain beds has been
used to correlate rocks in widely separated wells.

The magnesian carbonate content of limestones can be used
as a means of correlation, but must be used with care. Thus, so
far as known, from the Shakopee dolomite down all limestones
throughout the state are thoroughly dolomitized. But above the
Shakopee the changes in the magnesian content in the same ter-
rane may be rapid and complete. Thus at Dubuque the Galena is
a dolomite, but at Manchester, forty miles west, a deep-well sec-
tion finds it wholly of ordinary limestone. Similarly, some of the
Devonian limestones of east-central Towa pass into dolomites in
the northern counties.
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The lithologic nature of a terrane may be expected to change
over so broadly extended an area as the state of Towa. One
formation may thin and disappear and give place to other for-
mations of the same series. Thus the Niagaran dolomite of north-
eastern Jowa apparently gives place to Silurian sandstones or
sandy limestone in southeastern Jowa; and gypsiferous beds,
perhaps of Salina age, appear in deep wells at stations as far
separated as Mount Pleasant, Des Moines, Bedford and Glen-
wood. Amn entire system may disappear; for example, the Sil-
urian in the extreme northeastern parts of the area occupied by
the Devonian in ITowa.

Lithologic similarity may only exceptionally be used as the sole
means of correlation. It is a belief as mistaken as it is prevalent
that a geologist can identify a formation simply by means of the
physical characteristies of its rocks. In the study of deep wells
this means should be used only with the greatest care and in
combination with other and better methods.

ORDER OF SUCCESSION.

A third means of correlation is that of order of succession.
The terranes of Iowa, for example, do not occur haphazard. They
were laid down in a definite order during the long ages of geologic
time and for the most part on the floors of ancient seas. The old-
est is therefore found at the bottom and the most recent at the
top, the strata having suffered no inversive deformation. The
application of this method of correlation may be illustrated from
the general columnar section of Towa (Pl. II), in which the for-
mations are arranged in the due order of their succession. It is
plain that on the areas of outerop of the Silurian the first heavy
shale which the drill encounters must be the Maquoketa. In the
Mississippian area a heavy shale found near the surface may be
identified as belonging to the Kinderhook, and the Maquoketa
will be reached only after passing through the intervening De-
vonian and Silurian limestones. In the Pennsylvanian area an-
other and still higher body of shales belonging to the country
rock is first penetrated and the Maquoketa becomes the third
heavy shale bed in the descending series.
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DIP OF STRATA.

A fourth aid in interpreting the drillings is the known dip of
the strata. A glance at any of the geologic sections of the state,
such as that shown in Plate XTI (along the Chicago & North West-
ern railway from Clinton west), shows a general westward down-
ward slope to all terranes. The second body of shale at Belle
Plaine may be recognized as the Maquoketa, not only by lithologie
similarity to the limy shales of that formation over its outcrops
to the northeast and by its position in the series, but also by the
fact that it occurs at about the depth to which the known westerly
dip of the strata would carry it from its known position at Cedar
Rapids.

Local excepticns to prevailing dips may be expected any-
where. Upwarps and downwarps, sags and swells, thickenings
and thinnings may bring any formation nearer to or farther
from the surface at a given point than would be expected. Thus
at Ames (see Pl. XI) an upwarp of the entire body of strata
brings each formation higher than the position which would have
been deduced from the general dip. In southeastern Towa also
the dip of the surface formations is found reversed in the deeper
terranes.

DIFFICULTY OF DEMARCATION.

In some deep-well sections insuperable difficulties are found
in drawing the boundaries between adjoining terranes. No at-
tempt has been made to diseriminate the limestone of the Kinder-
hook stage from the limrestones of the Osage stage (Burlington
and Keokuk) which rest upon it nor the limestones of the upper
part of the Maquoketa shale from the Silurian limestones which
they underlie. Upper Devonian shales can not be separated
with any certainty from the shales of the Kinderhook where the
two are in immediate succession. With inereasing distance from
the outerops of Devonian and Silurian limestones and with a
changing facies in each it becomes in places impossible to draw
any sure line between them. It must be understood, therefore,
that in the interpretation of the sections the assignment of for-
mations is not offered with the confidence of the field geologist.
In many of the sections there may be a close approach to cer-
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tainty ; in others the reference is made from scanty data and on -
some slight turn of the scale of evidence. Realizing the nature
of the data dealt with, the meager, second-hand, and sometimes
untrustworthy evidence at hand, the difficulties of interpretation,
and the possibilities of error, the writer submits his tentative
conclusions in a spirit far removed from any dogmatism.

FORECASTS.

Information is often sought by cities, officials, and representa-
tives of railways and other corporations and by private citizens
as to probabilities of an artesian supply in their localities. In
response to such requests many forecasts have been made as
to the depth at which artesian water may be found, its pressure,
quantity, quality, and availability for specific uses. To make
this report as helpful as possible, forecasts have been made for
all the towns of the state whose population indicates that an
artesian supply may be needed, and in which the artesian field
has not been already fully exploited. These forecasts will be
found in the county descriptions,

In using these forecasts as a basis for estimating the depth to
water-bearing strata at any given point, it must be remembered
that many of the data on which they rest are scanty, some are
conflicting, and others are no doubt erroneous. HEstimates as to
the depth to water beds necessarily assume uniform degree of
dip and uniform thickness of strata over given areas, whereas in
fact the strata vary in thickness from place to place and are
affected by local upwarps and downwarps that tend to bring
them nearer to or farther from the surface than would be com-
puted on the assumption of an unvarying dip. The information
given must not be used as if it had the exactness of calculations
based on accurate data. f

Nevertheless enough is known of the attitude and nature of
the deeper rocks of Towa to permit forecasts that may be of
considerable value and perhaps sufficiently close for the pur-
pose for which they are made. The degree of approximation
which the data permit is evident by comparing forecasts already
made with the facts afterward disclosed by the drill. Thus at
Osage (Pl VII) the Saint Peter sandstone was predicted at 700
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to 750 feet from the surface and was found at 715 feet ; at Charles
City (Pl. VII) the same formation was forecast at 800 feet and
was found at 780 feet; at Fort Dodge (PL. VI) it was forecast at
1,300 to 1,500 feet and was found at 1,408 feet; at Waterloo (Pl
VI) it was forecast at 835 feet and was found at 815 feet; at
Bloomfield it was forecast at 1,230 feet and was found either at
1,190 or, more probably, at 1,445 feet, the records of the well
being very incomplete. At Mount Pleasant (Pl. XIIT) the Saint
Peter sandstone was found within 57 feet of the predicted depth.

- How far local deformations, entirely unknown before the drill-
ing of a well, may cause an error in forecast is indicated by the
deep well at Ames. No predictions were made, but if it had been
assumed that the Saint Peter had the same dip west of Cedar
Rapids that it is known to have east of that city, the estimates
of its depth at Ames would have been 250 feet too low, as the
drill disclosed a local upwarp which brought the Saint Peter that
far above its normal place (Pl XI). At New Hampton (Pl V)
the Saint Peter was found 150 feet below where it would have
been expected and predicted on the assumption of an uniform
southward dip from Mason City to Ackley. In southwestern
lowa, where data are exceedingly scanty, the base of the Penn-
sylvanian at Bedford (Pl. XVIII) was forecast at 140 feet be-
low sea level. The base of the Pennsylvanian shale was, indeed,
found at 82 feet below sea level, but the intervention of a heavy
sandstone, which probably should be classed with the Pennsyl-
vanian, brought the base of the latter to 240 feet below sea level
(see fig. 6.) The water horizons of the heavy magnesian lime-
stones of this area were predicted to occur not more than 900
feet below sea level, and were found at Bedford at 850 feet
below that datum. Contracts for artesian wells should make
provision for drilling at specified rates for several hundred feet
beyond the supposedly necessary depth.
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has done much work in the state, were destroyed some years ago
by fire, and some other firms seem to have preserved few or no
data as to the wells which they have drilled. The opinion of
the foreman as to the character of the strata in which the
drill is working is always of value, for he has means of inference
as to the strata in the ‘‘chuck’’ and in the wear of the drill as
well as in the character of the drillings brought up in the slush
bucket.

CHEMICAL INVESTIGATION OF WELL WATERS

BY W. S. HENDRIXSON.
SCOPE OF INVESTIGATION.

In the investigation of the quality of Iowa ground waters
the practical aim has been kept in view. No attempt has been
made to find exceptional waters containing uncommon mineral
matter or common mineral constituents in uncommon propor-
tions. The object has been to determine the inorganic chemical
substances in average and representative well waters in many
localities from the three sources, the alluvium, the drift, and
the stratified rock. Springs of large flows from known forma-
tions have also received attention. Wells supplying towns or
important industrial establishments have been investigated in
preference to those supplying only a single home or farm.
Little attention has been given to shallow wells reaching only
a short distance into the clay and supplied from it by seepage,
or to wells on river banks which evidently obtain their water
from the rivers by percolation through a few feet of sand or
clay.

The small funds for the work have made it necessary to avoid
duplication. ‘Omne or two wells of about the same depth and
casing in a locality have been deemed sufficient to indicate the
quality at that place, unless the wells were very deep and
reached the extensive aquifers. Wells of the latter type are
likely to be of more importance, and as a matter of fact their cas-
ings are likely to be of very different lengths and are frequently
defective. It was, therefore, considered desirable to secure an-
alyses of several such wells, even if close together, in order to
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eliminate the accidental to some degree and to draw more nearly
accurate conclusions as ‘to what quality of water the main
sources of supply might be expected to furnish at that point.

ACKNOWLEDGMENTS.

This report contains about 400 analyses of well waters. Of
this number nearly one-half have been made by the writer with
some assistance in the chemical laboratory of Grinnell College.
About 45 analyses have been taken from Norton." Most of them
were made by Prof. J. B. Weems, at that time of the Iowa
State College at Ames. The remainder were obtained through
the kindness of the chemists of the Iowa railroads, whose
courtesy and fine spirit of cooperation it would be difficult to
overstate. All who were written to and had such data as were
requested sent all that were asked for and more. Hundreds of
pen copies of analyses and blue-print sheets of analyses were
gsent in. The aid given by these men has been invaluable.

The greatest number of analyses was sent by Mr. George M.
Davidson, engineer of tests of the Chicago & North Western
Railway. He has also contributed a very full statement of the
plants and processes used by his road in softening the waters
along its lines for use in its engines.

Other who have shown the same generous and obliging spirit
are Mr. W. D. Wheeler, of the Minneapolis & St. Louis Rail-
road; Mr. W. H. Chadburn, of the Chicago Great Western Rail-
road; Mr. M. H. Wickhorst, of the Chicago, Burlington & Quincy
Railroad; Mr. George N. Prentiss, of the Chicago, Milwaukee &
St. Paul Railway; and Mr. F. O. Bunnell, of the Chicago, Rock
Island & Pacific Railway.

1Rept. Iowa Geol. Survey, vol. 6, 1896, pp. 333-407.
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CHAPTER I

TOPOGRAPHY AND CLIMATE.

BY HOWARD E. SIMPSON.

TOPOGRAPHY

RELIEF.

Towa has but one primary phystographic form—the prairie
plain. Taken as a whole it is the most typical prairie state of
the Union. Here waving grasses once covered the rolling up-
lands and deciduous trees bordered the dark and slowly mean-
dering streams. Ncw the deep, rich soils, moistened by ample and
well distributed rainfall, offer rich return for agriculture, and
artificial groves dot the landsecape in every direction.

The relief is slight. The general surface elevation varies irom
494 feet above sea level at Keokuk in the extreme southeast cor-
ner to 1.551 feet at Ocheyedan in Osceola county near the north-
west corner, a range of slightly more than 1,000 feet. The total
range in altitude between the low water of Mississippi river
where it leaves the state at Keokuk and the highest mound on the
great divide in Osceola county is not exactly known, but it does
not exceed 1,200 feet, a slight relief for an area of 55,475 square
miles.

Originally this plain was an old sea floor. The alternating
layers of sands, muds, and lime deposits of which it conszisted
were slowly cemented and consolidated into sandstones and
limestones and raised by gentle uplift into the great interior
plain which slopes southward from the old lands of Clanada and

'the Lake Superior region. Time did not materially disturb the
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rock layers of this ancient coastal plain except to bevel off their
surface and they still dip away slightly to the southwest, with
scarcely a fold or fault to break the unity. The surface varia-
tions were largely the result eof long-continued erosion by
weather and running water, greatly modified and almost oblit-
erated over the larger portion of the state by glacial ice.

DRAINAGE.

Though lying entirely within the Mississippi basin, the rivers
of the state, when viewed as a whole, are readily separable into
two distinct systems, one of which drains to the Mississippi and
the other to the Missouri. The divide between these two sys-
tems enters the state a few miles east of Spirit lake, passes
southward through the eastern parts of Dickinson and Clay
counties, thence through Bmena Vista, Sac, Carroll, Guthrie,
and Adair counties. Thus far it is a broad, flat, and in-
conspicuous ridge. The direct extension of this ridge,
somewhat better defined than before, continues southward
through Union, Ringgold and Decatur counties to the Missouri
state line. The divide proper, however, turns eastward through
Clarke, Lucas and Monroe counties, and thence goes southward
through Appanoose county avound the headwaters of Grand and
Chariton rivers, which turn southwestward after crossing the
state line and flow into Missouri river. The rivers of the Missis-
sippi system have a southeastern trend, those of the Missouri
system a southwestern trend consequent upon the original slope
of the plain. The direction of the minor streams generally does
not depend in any way on the character or structure of the under-
lying rock.

SUBDIVISIONS.

Though Towa may not be divided into physiographic provinces
on the basis of primary land forms, the work of the continental
ice sheets in smoothing down the hills, filling up the valleys, and
spreading a leveling mantle of drift over wide areas, has resulted
in such marked modification of the preglacial topography that
the state may be readily divided into the driftless area and the
drift area:

4
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DRIFTLESS AREA.

All of Iowa, except a narrow strip lying along Mississippi
river in the northeast corner of the state and including Alla-
makee county and the northeastern portions of Winneshiek,
Clayton, Dubuque, and Jackson counties has been overridden
by glacial ice. The topography of this strip is in sharp con-
trast with that of the drift-covered area and must fairly rep-
resent the topography of the entire state before the great ice
invasion. Weather and running water have had continuous and
undisturbed action on nearly horizontal rocks of varying hard-
ness for a long period of time, and the surface has reached the
stage of mature dissection.

RELIEF.

Chief among the many interesting topographic features of
the driftless area is the valley of the Mississippi. The Missis-
sippi flows from the north through a remarkably steep-sided,

. rock-walled valley 400 to 500 feet deep and one to three miles

wide, swinging south in great and gentle curves such as could
be carved only by an earlier stream of far greater volume. The
present Mississippi clearly misfits its valley, flowing through a
braided network of shifting channels and leaving in its changes
numerous ponds, lakes, and bayous on the broad plain which now
forms its valley floor. That the valley has been extensively filled
is evident from well borings, which reveal great thicknesses of
sand, clay and gravel; at McGregor, for instance, 187 feet of
sediment, evidently of glacial origin, is found above the ancient
rock channel. The larger tributaries flow in rock-walled, flat-
bottomed valleys 100 to 300 feet beneath abrupt bluffs on either
side and 500 to 600 feet beneath the crests of rounded dividing
ridges. Near their headwaters they flow through steep-sided
rocky gorges, and their tributaries have sharply carved and
thoroughly drained the uplands. Farther down the walls retreat,
the uplands break into rugged ridges, rounded hills, and flat-
topped mounds. Here and there, as between Turkey and Missis-
sippl rivers, they terminate in the sharp points crowned with
picturesque pinnacles, towers, and long mural escarpments that
result from the presence of strong cliff-forming rocks under-
lain by weaker slope makers.
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The main valleys have been cut considerably deeper than their
present floors and are aggraded with alluvium, probably Pleisto-
cene in age. Thus the wells at New Albin strike rock at from
130 to 140 feet from the surface, or more than 100 feet below
the present river levels. Moreover, old terraces, remnants of
ancient flood plains, standing as high as 60 feet above the rivers,
mark the height of the streams of the region when they ceased

aggrading their rock-cut valleys and resumed the task of degra-
dation.

SOILS.

The soil of the area is chiefly residual, resulting from the
decay of the country roccks in place. The upland, however, is
broadly mantled by loess, a fine, porous clay. -Many of the
steep slopes characteristic of the region are nearly bare, the
loess cover being generally absent. The larger valley floors are
commonly filled with water-bearing sands and gravels, overlain
by rich alluvium.

DRAINAGE.

The drainage system of the driftless area is completely de-
veloped except for the lakes and other undrained areas on the
flood plains. Underground drainage is not uncommon in the area
underlain by limestones, as is shown by sink holes, limestone cav-
erns in the uplands, and numerous large springs which rise in the
valleys. The topography of the driftless area has a very marked
influence on the underground water conditions. In the deep dis-
gection of the country the many water-bearing beds, such as
limestone and sandstone, are cut through in many places by
the stream valleys, and the water is permitted to escape as

seepage and as springs from numerous joints and fissures or
over shale horizons.

The slopes are so numerous and steep that water can not
linger on the uplands in pools or ponds, but is shed rapidly into
the streams, affording little opportunity for either evaporation
or absorption and giving rise to occasional floods, which cause
serious damage to towns like McGregor and Decorah, which are
situated in the valleys.
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" The residual soil is tenacious and relatively impervious, and
so absorbs little water. The loess is porous but comparatively
thin. The broad, flat uplands away from the valleys are the
best retainers of moisture. In them the ground-water level
stands high, and shallow wells may be had in many places, though
the supply is scanty, for seepage is slow. The ground-water
level, as a rule, however, stands low, owing to natural drainage
through deep dissection. Rock wells are most common and
depths of from 300 feet to 600 feet are not unusual. In the val-
leys the ground-water level is but slightly below the surface,
and the gravels and sands in the filled valleys carry a strong un-
derflow, yielding abundant water at slight depths.

DRIFT AREA.
GENERAL CHARACTER.

With the exception of the driftless area above described,
every portion of the state of Towa was occupied by an ice sheet
at least once during the glacial epoch. - The general effect of
the ice work was to wear away the more prominent topographic
prominences, to fill the valleys, and to spread rock waste over
the area. Portions of the state were several times invaded by
ice, which left the sheets of till, varying in smoothness and
thickness, that combine to form the present mantle of drift—a
mantle averaging in thickness from 100 to 200 feet, with a prob-
able maximum of 600 feet in Louisa county.

The topography of this region is young as compared with that
of the driftless area, and is generally independent of the geologic
structure of the underlying rocks. Only along the margins
bordering the driftless area and in the valleys of the larger
streams is it influenced by the preglacial topography. The topo-
graphic features are chiefly due either to the manner in which
the ice laid down its load of waste or to the subsequent action
of the agents of erosion.

On the whole, the surface left on the retreat of the glacial ice
was a gently undulating plain. Only near the margins of the
drift sheets or at places where long pauses were made in the
retreat of the ice front were marked irregularities produced.
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Here belts of hills with alternating depressions were formed by
the irregular heaping up of the drift material, producing ter-
minal or recessional moraines having characteristic knob and
kettle topography. The material is chiefly till, a mixture of
clay, sand, pebbles and bowlders of all kinds, deposited directly
by the ice. Associated with this are beds of sand and gravel
left by streams of running water and fine clays deposited in
quiet waters. Overlying the drift sheets of the earlier ice in-
vasions over more than half the state is a fine, porous clay of
peculiar vertical cleavage called loess. This formation is of
eolian or aqueous origin and can be readily distinguished from
the underlying drift by its lack of pebbles and bowlders. It
tended to smooth over the slight inequalities of the drift sheets
on which it was deposited.

DRIFT SHEELTS.

At least five different ice invasions, each of which deposited a
sheet of drift, entered Iowa from slightly different directions
and at widely separated periods of time during the glacial
epoch. The drift of the first invasion, known as the Nebraskan
(pre-Kansan) was everywhere overridden by later ice sheets
and is not known to influence the topography of the state. The
deposits of the remaining four invasions, the Xansan, Illinoian,
Towan and Wisconsin are represented on the surface by areas
of drift differing only slightly in composition but very greatly
in age and topographic form.

KANSAN DRIFT,

The oldest drift sheet appearing on the surface in Towa is
the Kansan, which heavily mantles the entire state with the
exception of the driftless area already described and is ex-
posed in the southern and western portions over an area equal
to half the area of the state. A line connecting Fort Madison,
Towa City, Des Moines, Carroll and Sibley roughly separates
the exposed Kansan area from that to the north and east, which
is covered by younger drift sheets.

The evidence offered by unaltered remnants of the old Kansan
drift leads to the inference that its surface must have been very
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gently undulating and have been characterized by the absence
of moraines, drumlins, kames, and other hills due to accumu-
lation. The relief of today has therefore been developed by
the action of weather and running water through long periods
of time. So long have these agents of erosion been at work
on the Kansan area that they have in most places drained it and
reduced it to a high degree of maturity characterized by a
heavily rolling topography.

The drainage is so complete that lakes, ponds and other
bodies of standing water are practically unknown execept on the
flood plains of large streams. The slopes are so steep and the
ron-off so rapid that little opportunity for absorption or for
evaporation is given as compared with the areas of younger
drift. On the other hand, the loess cover is so porous as to ab-
sorb a slow rainfall very rapidly. The ground water is rela-
tively low, especially on the higher region about the Mississippi-
Missouri divide. It is higher, however, than in the maturely dis-
sected region of the driftless area, where slopes are very steep
and soils tenacious.

Not all the nplands are so thoroughly dissected. Away from
the larger rivers broad flat-topped divides retain many of the
surface features of the original drift plain. Long, low swells
alternate with shallow swales, through which sharp stream
channels have been excavated hy storm waters. A few damp
sloughs and small patches of marsh grass in gentle depressions
mdicate that here at least youth lingers in the midst of ma-
turity. In such an upland much of the storm rainfall is ab-
sorbed; ground-water level is found close to the surface in the
swales; and shallow wells are common, even on the low swells
where the honses are located.

Nearer the rivers little of the plain remaing and the country
is sharply broken into hills and valleys. The slopes, though
not so steep as in the driftless area, show frequent outerops of
bedrock, from which springs flow in places and seepage is com-
mon. The larger streams occupy broad flat bottomed valleys
and meander over well developed flood plains. So long have they
worked that many of them have discovered preglacial channels
in which they are now flowing. In the valleys the ground-water
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table coincides with the surface of the stream and rises in general
toward the valley sides. Shallow dug wells reach water a few
feet down; where gravels and sands have been deposited in the
valley the underflow is strong and easily obtained by means of
driven wells.

Owing to the steeper slope of the plain in the southwestern
portion of the state, west of the Mississippi-Missouri divide, and
the short distance of the headwaters from the master stream, a
maturity has been attained beyond that of any other drift cov-
ered portion of the state. The rivers flow through deep, broad,
nearly parallel valleys, the floors of which are underlain by
gravel, sand and clay. Most striking of the valleys, perhaps,
are those of Nislnabotna and Nodaway rivers. The val-
ley floors of these range from one to four milesin width and are
so terraced that only a narrow belt is exposed to frequent flood
water. Throughout the valleys shallow wells furnish an abun-
dance of good water from the sand and gravel layers of the -
alluviam.

Missouri river, on the western border of Iowa, lies within the
area of Kansan drift, and meanders through a postglacial valley
partly filled with yellow loess. Its broad flood plain, constantly
shifting channel, muddy waters, and ever present snags, are
among its most striking characteristics.

ILLINOIAN DRIFT.

In the southeast corner of the state a small area of younger
drift overlies the Kansan, extending along Mississippi river
from Princeton to Fort Madison in an irregular belt five to
twenty miles in width. The depositing ice sheet came from the
northeast and the drift is known as the Illinoian. The surface
of the whole is thickly mantled with loess.

Several important rivers, among which are the Cedar, Towa
and Skunk, have had a marked influence on the topography in
the vieinity, excavating deep, wide valleys in the soft drift.

The greater part of the area retains the characteristic fea-
tures of a young drift plain. Few sloughs remain and the
storm waters have washed out well-marked drainage channels,
but broad tabular areas of the original plain still persist, form-
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ing large, level, floor like divides. The Mississippi here occupies
a narrow channel whose youth is indicated by rock-cut portions
at Le Claire, Davenport and Keokuk.

At its western margin the Illinoian drift sheet thickens
into a low morainal ridge, beyond which a broad flat channel,
roughly paralleling the Mississippi from Bellevue to Fort Madi-
son, marks the temporary channel occupied by that river while di-
verted by the Illinoian ice. In ‘‘The Forks’’ between Cedar and
lowa rivers in Louisa and Muscatine counties lies a level sandy
plain, the bed of an extinet glacial lake, whose waters were held
between bluffs bordering Towa river on the west and the ice
front on the east. The diverted Mississippi, flowing down from
the northeast, was here blocked and ponded until it rose suffi-
ciently to flow away southward over the bluffs through the chan-
nel mentioned above.

The loess cover of the Illinoian drift readily absorbs water
and the general ground-water level stands high execept in the
broken areas near the larger rivers and at the margins of the
drift. In such places the conditions resemble those in the Kan-
san area.

IOWAN DRIFT.

Over the greater part of the northeast quarter of the state
lies the drift left by the Iowan ice sheet. Ifs borders on the
south and east are remarkably sinuous owing to the projec-
ilon of many long, narrow tongues. It is overlain on the west
by the younger Wisconsin drift, the margin of which lies near
Clear Lake and Eldora. Its southern margin passes near Grin-
nell, Belle Plaine and Towa City. On the east it is separated
from the driftless area by a narrow belt of Kansan drift.

The topography of the regicn is characteristic of a youthful
drift plain. The irregularities left in the drift by the depart-
ing ice sheet still remain. The loess, which so fully mantles the.
older drift sheets in the sonthern part of the state, is conspicu-
ous by its absence, being found only in irregular patches near
the margin. The surface is gently undulating. Low
flat swells alternate with swales, on whose broad flocrs
‘“‘sloughs,’’ marshy remnants of glacial lakes, give rise to
small ereeks which follow a sluggish, winding course toward tne
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master streams. In the northeast portion bowlders strew the
surface, especially in sags and swales. Near the southern mar-
gin of the Towan area the even surface rises into low hills with
parallel axes, apparently drumloid in character, but capped
with loess. To these hills the name paha has been given. Along
the southwestern margin in Tama and Benton counties they be-
come more knobby and much resemble a terminal moraine.

The river valleys are not well developed, as in the area of
the Kansan drift, but flow in narrow channels between steep
banks of drift and alluvium except where they have found pre-
glacial channels held open during ice invasion.

Natural drainage is not complete in the Towan drift area, bul
the process is being rapidly hastened by artificial means. In
no other part of the state can man so easily aid nature in this
respect. The young stream courses are well marked and, when
once the sod in their bottoms has been broken by the plow, they
deepen rapidly and form the outlets for extensive systems of
tile drainage. The excess of water which would otherwise form
ponds and sloughs in the low flat areas is thus readily drained
off, yet so slightly is the ground-water level lowered beneath the
surface that the normal moisture is retained during dry seasons,
a most favorable condition for agriculture.

Thruoghout the Towan area the ground-water level stands
high. The lack of the porous loess cover probably tends to in-
crease evaporation and run-off, but owing to the flatness of the
surface the run-off is slow. Most wells find water within a few
feet of the surface, but owing to the imperviousness of the drift
many fail to obtain a large supply until they penetrate the bed-

rock.
WISCONSIN DRIFT.

The youngest of all the drift sheets in Towa, that deposited
during the Wisconsin.ice invasion, lies in a broad lobe extending
from the north boundary of the state to the city of Des Moines.
The western margin lies near Sibley, Storm Lake and Panora.
and the eastern margin near Clear Lake, Iowa Falls and State
Center.

The area presents all the characteristics of early youth. It
is a level, undissected drift plain in which the drainage remains
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strikingly incomplete, the topography being practically as the
ice sheet left it. Low rounded swells separate shallow basins,
in which lie numerous sloughs, lakes, ponds and peat bogs. The
smaller streams wander in narrow, crooked valleys and in many
places end in undrained basins. The rivers are simple conse-
quent streams; some occupy shallow channels on the surface
of the plain and others have cut deep trenches in the drift, but
all lack well-developed systems of tributaries.

A feature of this drift area is the accumulation of well-marked
terminal moraines on the eastern and western margins, together
with several recessional moraines within the area. On the east-
ern margin a distinet belt of knobs 50 to 100 feet in height enters
the state along the north boundary of Winnebago county and
passes southward through Hancock, Ceerro Gordo, Franklin and
Hardin counties, dying out in the western part of Marshall
county. On the west side another helt, partly terminal and
partly recessional, enters Dickinson county and curves south-
ward through Clay, Palo Alto, Buena Vista, Sac, Carroll and
ireene counties and dies out in the northeast corner of Guthrie
county. Well-marked recessional moraines are found in north-
ern Boone and adjacent counties and in Webster county.

The Wisconsin drift area is the lake region of Towa. A few
ponds and sloughs occur in the Towan drift area, and lagoons,
cut-offs, and bayous are found on the flood plains of all the
larger rivers of the driftless area dnd of the Kansan drift area,
but the only lakes of importance in the state are found in the
Wisconsin area and are of glacial origin. They lie chiefly within
the heavy morainal belt already described and occupy irregular
depressions between the kames. Chief among them are Spirit.
Fast and West Okoboji, Storm, Wall and Clear lakes. The last
nanied furnishes the water supply for the town of Clear Lake,
and several are valuable sources of ice.

The problem of adequate drainage is more diffienlt in the
Wisconsin area than anywhere else in Towa. The lakes, ponds
and slonghs all indicate a high ground-water level. The absence
of the loess leaves the drift without a porous cover and the
tenacious quality of the bowlder clay prevents the entrance of
much water into the ground. Wells in swales therefore find
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abundant water, but on the higher portions they must be driven
deep, frequently into rock, to get a plentiful supply. The sur-
face waters are so abundant, however, that fewer stock wells are
necessary than in other areas.

SUMMARY.

The level character of the prairie plain is such as to favor the
ready absorption of rainfall by the soils and to cause the ground
water to stand near enough to the surface of the drift or the
country rock to be within easy reach of comparatively shallow
wells. The gently rolling character of the topography insures
good drainage, thus preventing stagnation of water on the sur-
face, and lowers the ground-water level far enough to permit
purification of the downward percolating waters by filtration
before they join the great underground system. The topo-
graphic conditions, in connection with drift soils such as are
found throughout nearly all of the state of Iowa, insure an
abundant and wholesome supply of underground waters at
depths which permit most of the inhabitants outside of the large
cities to be supplied at very slight cost.

CLIMATE '
GENERAL CONDITIONS.!

The climatic conditions of the state of lowa are, on the
whole, favorable to a good and constant supply of underground
water. Most important of these eonditions are precipitation and
temperature, both of which, though liable to marked variations
from the normal, are shown, by the abundant anmunal rewards
of agriculture, to be favorable to the storage and conservation
of the moisture in the soils and country rock. Nothing approach-
ing a failure of crops either by drowning or drought has been
experienced in the history of Iowa—a history which now spans
more than three-quarters of a century.

Climatic observations within the present boundaries of Towa
were officially taken by the medical officers of the United States
= ';Detzgl'cd Eormation regarding climatological conditions in Towa may be found
in the following reports: Sage, J. R., Climate and Crops of Iowa: Ann. Rept.

Towa Weather and Crop Service for 192, appendix. Henry, A. J., Climatology of
the United States, U. S. Weather Bureau, Bull. No. Q, 1906, pp. 626-658.
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military posts as early as 1820, and widely scattered, though
systematic, records were kept with standard instruments under
the direction of the War Department and the Smithsonian Insti-
tution until 1870, when the Weather Bureau was established.
Since 1890 the state government has cooperated with the Weather
Bureau through the Towa Weather and Crop Service.

There exists, therefore, a series of records covering a period
of nearly ninety years, during all of which time much attention
has been given to both temperature and rainfall. Though the
early records are few and incomplete they are of value in in-
dicating the constancy of the Iowa climate and the error of many
who have not carefully studied the conditions in believing that
marked changes have taken place. The observed facts make it
highly improbable that any important change in the average
precipitation of either rain or snow has taken place since the set-
tlement of the region by civilized people.

TEMPERATURE.

The mean annual temperature is 47.5° F. The variation from
this figure scarcely ever exceeds 2°; but owing to the location of
the state in the interior of the continent, exposed alike to cold
waves from the northwest and warm waves from the south, the
average annual range of temperature amounts to 136°. The
highest temperature recorded is 113° and the lowest is —43°,
giving the remarkable range of 156° between the highest and
lowest observed temperatures. The mean annual temperature
decreases gradually and uniformly from Keokuk, the lowest and
most southerly point in the state, to the higher parts of the north-
central region.

The table below gives the monthly, seasonal, and annual mean
temperatures as recorded at six climatologic stations of the
United States Weather Bureau in Towa and one at Omaha, Ne-
braska. The distribution of these seven stations is such as to
represent fairly well all portions of the state. To these are
added for comparison the corresponding mean temperature for
the state as a whole.
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Monthly, seasonal, and annual mean temperatures (°F.) in Towa and at
Omaha, Nebraska.

{
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Station

January
F‘ebrual--y
August
>Septemher
_E)ctober
November
-December‘
Winter_w
Summer
Autl;mn
Annual

(=]

1614314860‘6873'71 3‘50’321916467144

5
Dubuqué - . 1s| 21| 83 49| €1 0 75| 72 64 G2\ 86| 25 21| 48 72 61| 48
Sioux City . 20| 19| 32| 50| 60| 70| 74| 72| 64| 52| 84/ 250 21| 47| 72| 50! 48
Des Molnes —__ 20| 23| 35 G1| 61| 70/ 75| 73| 65 53| 87| 26/ 23| 49 73 62| 49
Davenport 21| 24 85| 60| 611 71 75| 73| 65| 53| 38 27 24| 49 73| B2 50
Omaha, Nebraska ...._..| 21| 25| 36| 52| 62| 72| 76| 74| es| 54| 88 27| 24| 60| 74| 53| 6O
Reblagld " St G 24| 28| 88| 62 6'3‘ 72| 71| 75| 67| 55/ 89| 30| 27| 51| 75| 64 B2
TOWaM el o e e e e o= o] 19.3(19.2|34.0|48.5/60.1(68.8(73.4,71.8 63.7|51.9|35.9|28.6/20.7|47.5|71.3/50.5/47.5

The first killing frosts of autumn occur about October 5 and
the last of spring about April 25, the time varying about two
weeks between the northern and southern portions. This gives
a period of about six months during which frost is liable to oceur.
The streams are closed by ice for approximately three months
and the surface of the ground is sufficiently frozen to prevent
ready absorption of rainfall for about four and one-half months.

The relations of temperature to ground water are very com-
plex. They include (1) the immediate and direct relations that
govern the amount, rate, and form of the precipitation; (2)
those that determine the proportionate parts of the rainfall that
evaporate, run off, or are absorbed, as affected by the character
of the surface and by its freezing, baking, etc.; and (3) those
that govern the direct movements of ground water. The last
item is often overlooked, but its importance may be suggested
by the fact, determined by experiment, that water at 100° F.
percolates twice as rapidly through sand as it does at 50°; both
absorption and flow, therefore, vary. greatly with the tempera-
ture. '

PRECIPITATION.

CONTROLLING CONDITIONS.

The moisture which falls in the form of rain or snow over
Towa comes chiefly from the Gulf of Mexico, being drawn in
with the southerly winds toward the rotating areas of low pres-
sure (or cyclones, as they are technically called), which move
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eastward across the continent with the prevailing westerly winds.
These cyclonic storms are great in area, moderate in force, and
beneficial in effect. They should not be confused with the violent
rotating storms properly called tornadoes, which occasionally
occur in the middle and eastern parts of the United States, mak-
ing a very narrow track and extending over a small area. The
rainfall is directly cyclonic in winter and indireetly cyclonic in
summer, coming chiefly from thunder storms in the southeastern
gquadrant of the low-pressure areas. Many of the thunder storms,
which average about 37 annually for each station in the state,
are, however, of the conventional type and are therefore local.

GEOGRAPHIC DISTRIBUTION.

The Towa Weather and Crop Service has divided the state into
three sections, northern, central, and southern, each consisting
of three tiers of counties, extending across the state from east
to west. The average annual precipitation of the northern sec-
tion is 29.9 inches, of the central section 31.5 inches, and of the
southern section 33.6 inches. Each section has been subdivided
into three districts more or less closely approximating rect-
angles and containing from 7 to 15 counties each. The names of
these districts together with their average annual precipitation
are: northeast, 32.25 inches; north-central, 29.40 inches; north-
west, 28.16 inches; east-central, 32.61 inches; central, 31.66
inches; west-central, 29.36 iuches; southeast, 33.65 inches;
south-central. 32.53 inches; southwest, 32.60 inches.

The highest average precipitation is found in the southeast
district and the lowest in the northwest. The southeast distriet
has an annual average of 5.49 inches more than the northwest
district, 1.40 inches more than the northeast district, and 1.05
inches more than the southwest district. ¥rom these figures
it is readily seen that there is a regularly decreasing gradient
from east to west and a slightly steeper one from south to north, .
the steepest gradient being from southeast to northwest.
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The highest annual average at any of the United States
Weather Bureau stations is 35.2 at Keokuk in the extreme south-
east corner of the state, and the lowest average is 25.8 at Sioux
City, near the northwest corner; this confirms the relations
above stated and gives a range of 9.5 inches in the mean annual
precipitation as recorded at the different Weather Bureau sta-
tions within the state. ‘

Grouped in north-south belts, the eastern or Mississippi river
belt has an average annual precipitation of 32.50 inches; the
middle belt of 31.51 inches; and the western or Missouri river
belt of 30.04 inches.

Thus, the variations in the geographic distribution of the pre-
cipitation of Iowa are slight, consisting chiefly of a normal de-
crease porthward and a decrease northward and westward with
increase in distance from and elevation above the chief source
of the moisture, the Gulf of Mexico, and with increase in dis-
tance from the usnal paths of the cyclones.

SEASONAL DISTRIBUTION.

To give a perfect idea of the relation of rainfall to under-
ground waters the records should show not only the amount, but
the rate of the fall, the cloudiness, the direction and velocity of
the wind, and the condition of the ground surface at the time.
Precipitation falling on a moderately dry surface is absorbed
more rapidly than that falling on hard-baked ground, and still
more rapidly than that falling on a frozen surface, which is
scarcely absorbed at all unless it falls as snow. Winter pre-
cipitation is therefore of little value as compared with summer
precipitation.

In spite of the location in the interior and of the great distance
from the source of supply the constancy of the prevailing west-
erly winds and the frequent recurrence of the cyclones produces
a seasonal constant of rainfall which, coupled with the peculiar
character of the glacial soil, makes the npper Mississippi valley
a‘well-watered region. As the supply of ground water, especially
that near the surface, depends on the rainfall, the amount of pre-
cipitation and its geographic and seasonal distribution is impor-
tant. The average annual precipitation as shown by official
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record is about 31.5 inches. Its seasonal distribution is fairly
well shown in the table below, which gives the mean monthly,
seasonal and annual precipitation for the several Weather Bu-
reau stations and for Towa as a whole.

Monthly, seasonal, and annuel mean precipitation (inches) in Iowa and at
Omaha, Nebraska.
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Towa has fairly well-defined wet and dry seasons, due to the
migration of the wind system with the sun. The bulk of the
rainfall occurs during the spring and summer months and
little of it during the winter months, the approximate per-
centages being, winter 10 per cent, spring 28 per cent,
summer 39 per cent, and autumn 23 per cent. Only a
small proportion falls during the period in which the ground is
frozen and absorption prevented, and a very large proportion,
probably 80 per cent, falls in late spring and summer when ab-
sorption is greatest. 'This natural advantage is greatly in-
creased by the fact that the heaviest rainfall occurs during the
seasons for the preparation and the cultivation of the soil, thus
very greatly increasing the absorption. This relative increase
of precipitation of spring and summer over that of winter be-
comes more marked as the total rainfall decreases from the Mis-
sissippi westward. The summer precipitation at Keokuk is 11.6
inches and that at Sioux City is 10.6, a difference of but 1 inch;
whereas the winter precipitation at Keokuk is 5.4 inches and that
at Sioux City is 1.9 inches, a difference of 3.5 inches, thus com-
pensating to a large degree for the differences in total rainfall.
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A marked effeet of the diminution of precipitation during the
winter months is noted in the slightness of the snowfall com-
pared with that of the more eastern states. Though snow falls
in all parts of the state, the annual average fall for 29 years is
but 29.2 inches, less than one-tenth of the precipitaticn. The
effect of geographic differences in precipitation on the under-
ground-water supply is thus very slight.

VARIATIONS.

- The table below shows that the precipitation for the entire
state is subject to marked variations from year to year. Since
1890 the lowest average for the whole state for a single year was
21.9 inches in 1894 and the highest 43.8 inches in 1902. Between
these extremes there has been marked variability, but the ten-
dency to one extreme is frequently followed by a tendency to the
other, as illustrated in the dry year of 1901 and the wet year of
1902. The general average has bezen steadily maintained through
all the long period covered by records.

Yearly Variations of Rainfall in Iowa.

[Inches]

| Varia- Varia-
Year |Average #gr[xl) Year Average | tlrl'gll,n
normal ‘ nermal
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21.94 —9.58 | 1906 31.60 .08
26.77 —4.75 | 1007 - 31.61 .09
37.23 5.71 1508 _ 35.26 2.61
26.97 —4.55 | 1909 40.01 7.36
31.34 — .18 | 1910 20.03 | —I12.62
28.68 —2.84 | 1911 . s 31.57 —1.28
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Deficiency of summer rainfall sometimes produces droughts,
the effect of which is marked on the streams, springs, and shal-
low drift wells, producing scarcity of water for stock and for
domestic purposes. Heavy drains are made for stock on the
deeper rock wells when streams are low, and as these rock wells
are of small bore they are sometimes temporarily exhausted.
The texture of the soil and other physical conditions, such as

b
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its condition at the beginning of the dry period, determine its
ability to store water under the least loss by evaporation.
Rather severe general midsummer droughts occur at irregular
intervals once or twice in a decade. During all such droughts,
however, many small areas have had practically normal precipi-
tation, and the amount has generally been ample in most parts
of the state. '

The most severe drought on record is that of 1894-95, which
may be ascribed to slight precipitation and high temperatures for
two successive seasons. The precipitation for July, 1894, was
only 0.63 inch, about 15 per cent of normal, and for August was
1.58, about 44 per cent of normal. The departure from the an-
nual precipitation during the year was—9.5 inches. The ex-
treme in the other direction in recent years occurred in 1902,
when the precipitation. reached 43.82 inches for the year, 12.30
inches above the normal. :

SUMMARY.

The information for a satisfactory discussion of evaporation,
humidity, wind velocity, and other minor factors in the meteor-
ologic control of ground-water supply is insufficient, but enough
data are available in regard to the two chief controlling factors,
temperature and rainfall, to show that Towa, though possessing
the variable characteristics of a continental climate, also pos-
sesses the requisite meteorologic conditions for a moderately
abundant supply of underground waler.
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@ As used in this report includes at top the lower part of the Warsaw limestone
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GENERAL GEOLOGIC SECTION OF IOWA —BY W. H. NORTON
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CHAPTER II.

GEOLOGY.

BY W. H. NORTON AND HOWARD E. SIMPSON.

GENERAL CONDITIONS

The rocks exposed in Towa belong to four great divisions sep-
arated from each other by pronounced unconformities. (See
Pl. I, in pocket.)

The oldest division belongs to the Algonkian system and is
represented by the Sioux quartzite. This quartzite outerops
over only a small area in the northwest corner of the state but
occurs more widely below other formations, and is also found
at the surface over considerable areas in Minnesota and South
Dakota.

The second division is represented by rocks of the Cambrian,
Ordovician, Silurian, Devonian, Carboniferous and Permian sys-
tems, and includes a basal series of clastic beds that may be of
Algonkian age. This great assemblage of sediments rests on an
uneven floor composed of Sioux quartzite and older crystalline
rocks. It consists of beds of sandstone, shale, and limestone, many
times repeated in varying order. Where these beds come to the
surface they have been carefully studied, and the order of their
succession has been determined. (See Pl. II.) They are for
the most part apparently conformable with one another, but im-
portant erosional unconformities occur at the base of the Devo-
nian system and between the Mississippian, the Pennsylvanian,
and the Permian. The oldest exposed rocks of this division are
of Cambrian age and outerop in the northeastern part of the
state. The strata dip in general toward the southwest, and in
this direction the younger formations become successively the
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surface rocks. The boundary lines between the formations, at
the surface or immediately below the drift, follow in general the
strike of the rocks, and, hence, are approximately parallel ‘and
cross the state with a northwest-southeast trend. (See Pl. L)
‘Where the principal unconformities occur, however, the boun-
daries depart from this parallel arrangement.

The third great rock division of Iowa is represented by Upper
Cretaceous sandstones, shales, and limestones, which lap over
the older formations, and cover much of the northwest and west-
central parts of the state.

The fourth great division includes the drift sheets and asso-
ciated subaerial, interglacial, and postglacial deposits of the
Pleistocene geries. These deposits were spread over nearly
all of the state except the northeast corner, and in most localities
they still cover the older rocks. The distribution of the differ-
ent Pleistocene formations is shown in Plate III, in pocket.

The rock structure is shown in detail in the geologic sections,
Plates V to XVIII, inclusive. The location of these sections is
indicated in figure 1.

PRECAMBRIAN ROCKS

ARCHEAN SYSTEM.

Foliated rocks—schists and possibly gneisses—have been
found in several deep wells in the northwestern part of Iowa.
At Sioux City they were reached at a depth of 1,260 feet (135
feet below sea level), and continued to the bottom of the drill
hole, which is 2,000 feet in depth. At Le Mars a rock called by
Todd ‘‘a gneiss (?),’’ consisting of orthoclase, quartz, and mus-
covite, oceurs at 215 feet above sea level, and crystalline foli-
ated rocks, either gneisses or schists, continued for 500 feet to
the bottom of the boring.

ALGONKIAN SYSTEM.

SIOUX QUARTZITE.

The Sioux quartzite (popularly but erroneously called ‘‘Sioux
Falls granite’’) outerops over a very small area in the north-
west corner of the state. This familiar building stone of our
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large cities is an intensely hard, pink, vitreous rock, consisting
of rolled sandstone grains cemented mainly with secondary in-
terstitial quartz. Quartzite, presumably of the same age, occurs
in the Baraboo region of southwestern Wisconsin. At Lansing,
Towa, the ‘“granite’’ noted in a driller’s log at 71 feet above sea
level may well be quartzite, here sunk nearly 1,500 feet below
its elevation at Baraboo, 75 miles east. ‘‘Granite’’ reported at
Mason City and Emmetsburg is not confirmed by drillings of
any crystalline rock in the sample preserved. At Cedar Rapids
an intensely hard, siliceous rock of reddish color was struck
at 1,417 feet below sea level and penetrated for a distance of 75
feet; but at Tipton, in an adjacent county, a well drilled to 1,886
feet below sea level failed to discover quartzite or any other
crystalline rock. At Burlington the reported occurrence of
‘“‘quartzite (?) and slate’’ at the bottom of the C'rapo Park well,
2,430 feet deep (1,745 feet below sea level), is not fully confirmed
by the drillings, since the reddish siliceous chips show no signs
of fracture across grain and cement, and the ‘‘slate,”’ though
an indurated shale, is accompanied with chips of sandstone of
Cambrian type. In the not far distant deep well at Aledo, Iili-
nois, no crystalline rock was found, although a depth of 3,000
feet was attained.

ALGONKIAN (?) SYSTEM.

RED CLASTIC SERIES.

Certain deep wells of Iowa reach red sandstone beneath Cam-
brian terranes. Like the red sandstones of the deep wells of
Minnesota, these red sandstones of Iowa seem to be dry, and
they may be of Algonkian age. At Tipton the drill reached these
red rocks at 1,435 feet below sea level, or about the level at which
quartzite occurs at Cedar Rapids, and penetrated them for 431
feet to the bottom of the drill hole.

SANDSTONES WITH INTRUSIVE SHEETS.

The deep well at Hull, in northwestern Iowa, encountered, at
755 feet from the surface (678 feet above sea level), the first of
six beds of quartz porphyry intercalated between saccharoidal
sandstones, the entire series reaching to a depth of 1,228 feet
from the surface (205 feet above sea level).
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In the absence of any physical or lithologic characteristics de-
termining the age of the sandstones, they have been regarded
as probably of Algonkian age, on account of the known igneous
intrusions of the same nature in the Keweenawan, the dikes of
ancient Java'in the Sioux quartzite, and the absence of volcanism
in Paleozoic strata of the upper Mississippi valley.’

CAMBRIAN SYSTEM
OCCURRENCE AND SUBDIVISIONS.

The Cambrian rocks of Towa were laid down upon an old sea
floor which is now exposed far to the north in Minnesota and
Wisconsin. They probably underlie the entire state, but rise
to the surface only in the deep valleys of the extreme northeast
corner. The younger formations overlie the older in the order
of their deposition and become the country rock to the south
and west in successive roughly parallel bands, each in turn dip-
ping gradually to the southwest and passing underneath the
next younger. The strata of the two oldest sedimentary systems
represented, the Cambrian and Ordovician, follow one another
in rapid succession and the narrow bands of their outerop rough-
ly parallel one another in intricate patterns.

The Cambrian, a system of massive sandstone formations sev-
eral hundred feet thick, is an excellent water carrier. At Lan-
sing it was found to have a thickness of 1,000 feet. The Cam-
brian outerops or lies immediately below the drift only in the
valleys of Mississippi river and its immediate tributaries from
the northern boundary of the state to MeGregor in Clayton
county, in the valley of the Oneota and its immediate tributaries
in Allamakee county, and over an area of less than a square
mile in Winneshiek county. It outerops in all of these valleys
only along the base of the high bluffs, where it has been exposed
by the deep carving of ancient streams.

The Cambrian rocks of Iowa consist of certain undifferen-
tiated sandstones, marls, and shales, at the base, above which
lie the formations known, from the bottom up, as the Dresbach
sandstone, the Saint Lawrence formation, and the Jordan sand-
stone.

Rept. Towa Geol. Survey, vol. 1, 1893, pp. 165-169; vol. 6, 1896, pp. 112, 180, 199.
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DRESBACH SANDSTONE AND UNDERLYING CAMBRIAN STRATA.

DEFINITION.

In the senior writer’s early investigations of Towa deep wells
the term ‘‘Basal sandstone’’ was used tentatively to include all
Cambrian deposits below the base of the Saint Lawrence forma-
tion, since no term used by either the Minnesota or the Wisconsin
surveys seemed sufficiently inclusive, the term Dresbach being
employed by the Minnesota geologists to designate only the up-
per formation of the series of strata in question. Since that
time the term Dresbach has heen used loosely by some writers
to include all the underlying Cambrian strata, but it is used in
this report in the restricted sense, that is, for the sandstone ex-
posed at Dresbach, that being the definition adopted by the
United States Geological Survey. The Dresbach sandstone,
which in the type region is a white. incoherent, fine-grained sand-
stone, is of Upper Cambrian age, whereas the underlying shales
and sandstones are believed by geologists of the United States
Geological Survey to belong to the Middle Cambrian. '

DISTRIBUTION.

Sandstones referred by Calvin to the Dresbach outerop in Iowa
along the base of the Mississippi bluffs in Allamakee county
from Lansing north to the state line.

It is quite possible. however, that these strata belong to the
Saint Lawrence formation, and if this is true the Dresbach sand-
stone nowhere comes to the surface within the limits of the
state.

At Dubuque (Pl. VI) the Dresbach and underlying Cambrian
strata were sounded by the drill to a depth of 1,100 feet, the base
of the Cambrian not being reached. Toward the west these
strata seem to thin. In east-central Towa their total thickness
is 360 feet at Cedar Rapids (Pl. XI), and 463 feet at Tipton
(Pl. X), not including the red clastic series (Algonkian?) al-
ready mentioned. In northwestern Iowa the Dresbach and
underlying Cambrian strata probably thin rapidly as they rise
on the western side of the median trough that traverses the state.
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In central Jowa, at Des Moines and Boone (Pl. XVI), it is diffi-
cult to draw the line separating the Dresbach sandstone from
the overlying Saint Lawrence formation.

LITHOLOGIC CHARACTER.

The Dresbach and the subjacent Cambrian strata include thick
beds of sandstone of rolled grains of moderate coarseness, rang-
ing in color from white to yellow and buff. These saccharoidal
sandstones are pervious, especially in northeastern Iowa. Close-
textured beds also cccur whose pore spaces have been. filled with
limy cements. Sandstones are found whose angular grains of
quartz are so minute and so closely packed that the rock must
be well-nigh impermeable, and with these may be ranged marls,
whose fine siliceous grains were mingled with mud and lime as
they were laid on the sea floor. These marls and impure sand-
stones contain many dark green, round, subtranslucent grains
of glauccnite. Idimestones are unknown. No order of succes-
sion has been made out for the beds. In several wells, as those
at Dubuque, Manchester, Anamosa, and Tipton (Pls. VI, IX, X),
the upper sandstone (Dreshach sandstone) rests on marls or
arenaceous limy shales, which are in turn succeeded by heavy
basal sandstones.

SAINT LAWRENCE FORMATION.
DISTRIBUTION.

On the Dresbach sandstone rests a heavy body of dolomite
and shale, known as the Saint L.awrence formation, which out-
crops as calcareous and sandy shales in the bluffs of the Missis-
sippi in the northeastern county of the state. In eastern and
north-central Towa the limits of the formation are usually well
drawn in deep-well sections, and its dual nature, dolomitic above
and argillaceous below, is clearly seen. Southwestward the
limits 'of the formation become difficult to trace, as the sand-
stones, both above and below, become more dolomitic or more
clayey. At McGregor (Pl. V) the formation is represented by
a few feet of arenaceous dolomite, left uneroded in the bottom
of the preglacial channel of the Mississippi, and by 113 feet of
green shale immediately subjacent. At Waverly (Pl. VII) and
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Sumner the upper dolomitic beds are respectively 150 and 170
feet thick and the shales and marls beneath reach the surprising
thickness of more than 300 feet. In each of these places sandy
beds occur near the middle of the shales, and if the upper limit
of the Dresbach were drawn at the summit of these sands the
thickness of the shales left to the Saint Lawrence would accord
with the thickness reported in other deep-well sections. Af
Charles City the formation was penetrated for probably 330
feet. (See PL V.) Owing to a gap in the record, the upper
limit is not certainly known.

At Dubuque an imperfect record allows less than 200 feet for
this formation. At Manchester it reaches a total of 242 feet.
(See PL. VI.) Southwest of Dubuque the massive basal shales
and arenaceous marls fail to maintain themselves. At Anamosa
(Pl IX) the formation consists (from above down) of 145 feet
of dolomite, 55 feet of shale, and 40 feet of dolomite. At Tipton
(P1. X)) the Saint Lawrence embraces 120 feet of dolomite rest-
ing on 100 feet of marls. At Boone (Pl. XI) the discrimination
of the Saint Lawrence is made, with much uncertainty, to in-
clude 285 feet of glauconiferous shales and marls and close-
grained sandstones reaching nearly to the bottom of the well.
At Des Moines (P1. XTII) about 300 feet of similar strata, lying
immediately below the Prairie du Chien, may be assigned to
the Saint Lawrence with much hesitation.

LITHOLOGIC CHARACTER.

The upper dolomitic member of the Saint Lawrence is in places
more or less arenaceous and commonly contains a good deal of
finely divided angular quartzose material. Glauconite is present
in many localities. The shales of the lower member are com-
monly somewhat calecareous and siliceous. The rocks, designated
““marls,”’ for want of a better term, consist of lime, silica, and
clay and give rise to drillings of concreted gray, greenish, bluish,
brown, or pink powder. The friability of the concreted mass
indicates roughly the relative proportions of clay and sand, and
the reaction with hydrochloric acid shows a large amount of
lime and magnesian carbonates to be present in many places.
The quartzose constituent is in the form of fine rounded grains
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and still more commonly of impalpably angular particles of
crystalline quartz. Noncalcareous, plastic, pink, red, or green
shales also occur, and in some places these are hard and fissile.

For these marls the characterization of Winchell of outerops
in Minnesota would seem applicable: ‘‘Greenish and shaly and
yet not a shale; calcareous and not a limestone; magnesian but
not a dolomite; finely siliceous but not a sandstone.””

JORDAN SANDSTONE,

DISTRIBUTION,

The Saint Lawrence formation is overlain by a sandstone
called the Jordan, from the name of a town in Minnesota at
which it outerops. In Iowa it comes to the surface only in Alla-
makee, Winneshiek, and Clayton counties in the valleys of the
Mississippi and its tributaries. In these outerops it has two
phases—a hard sandstone, whose grains are embedded in a dolo-
mitic matrix, as at Lansing, and a soft stone, so destitnte of limy
cement that it can be readily excavated with pick and shovel, as
at McGregor.

West of MeGregor, as far at least as Charles City (Pl V), it
forms a well-defined bed about 75 feet thick, and to the south-
west, at Waverly (Pl. VII) and Sumner, it is still thicker, reach- -
ing 110 feet or more. At Manchester (Pl. VI) it occurs as 86
feet of clean quartz sand, including four feet of highly arena-
ceous and calcareous shale. At Waterloo (Pl. VI) it attains a
thickness of nearly 50 feet. At Anamosa (Pl IX) it reaches
nearly 100 feet, including calciferous sandstones, both above
and below the main body of pure quartzose sandstone. At Monti-
cello the drill penetrated it for 59 feet. At Cedar Rapids (Pl.
XT) the data are very meager; but a distinet water-bearing sand-
stone, nearly 50 feet thick, is indicated at this horizon, with
closer-textured sandstones in juxtaposition both above and be-
low. At Ackley (PL VI) it is represented by calciferous sand-
stones. A gap ocecurs here of 100 feet, from which no drillings
were saved.

In central Towa either the limestones intervening between the
Saint Peter and the Jordan greatly increase in thickness, or the

TWinchell, N. H., Geol. and Nat. Hist. Survey Minnesota, vol. 1, 1834, p. 255.
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Jordan becomes indistinguishable in the rapidly changing as-
semblages of sandstones, dolomites, and shales which in this area
pass downward from the Shakopee dolomite. If the former be
true the Jordan is encountered at Ames (Pl. XTI) 600 feet below
the Saint Peter on a well-marked sandstone, 100 feet thick, com-
posed of clean quartz in well-rolled grains. At Boone (Pl XI),
however, this horizon is held by sandstones, close textured and
for the most part calciferous. At Des Moines (Pl. XIIT) no at-
tempt has been made to divide the Cambrian into the formations
seen farther east. In southeast Towa few deep wells reach the
Jordan. At Burlington (P1. XIII) the Jordan, if it is present,
lies within a space of 300 feet from which no drillings were ob-
tained ; above this space the strata are clearly Prairie du Chien,
and below it they are different beds of the Saint Lawrence or
Dresbach facies. At Centerville (Pl. X) the magnesian series
extends downward from the Saint Peter for more-than 700 feet,
without reaching any heavy sandstone comparable to the Jordan
nor any glauconiferous shales or marls of the Saint Lawrence
type.

- LITHOLOGIC CHARACTER.

Typically the Jordan is a loose-textured sandstone consisting
of rolled grains of clean quartz sand, white or light gray in
color. In many places the grains are about as well sorted and
as perfectly rounded and ground by abrasion as are the quartz
spherules of the Saint Peter. In certain beds, however, dolo-
mitic grains appear among the drillings, indicating either a cal-
carecus matrix or thin interbedded layers of dolomite. The
driller recognizes the Jordan by these characteristics and by its
place as the first heavy sandstone below the Saint Peter, from
which it is separated by an interval of not less than 300 feet.

ORDOVICIAN SYSTEM
PRAIRIE DU CHIEN STAGE.

Prairie du Chien stage is a term introduced into geologic liter-
ature in 1906 to designate the strata formerly called ‘‘Lower
Magnesian limestone.”” This stage is divided, from the bottom
up, into Oneota dolomite, New Richmond sandstone, and Shako-
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pee dolomite. The New Richmond, however, is in many places
ill defined or absent.

DISTRIBUTION.

The Prairie du Chien is a distinet cliff maker, and since it is
both underlain and overlain by weak sandstones it rises in bold
escarpments and castellated walls along Mississippi river and
all of its tributaries from the northern boundary of the state
nearly to Guttenberg. Owing also to its resistant quality it is
distinetly an upland group of strata, and forms much of the
country rock of Allamakee and northeastern Winneshiek coun-
ties. In the bold cliffs in which the Prairie du Chien outerops
at Prairie du Chien, Wisconsin, opposite McGregor, and to the
north along the Mississippi and its tributaries, it has nowhere
been found to measure more than 250 feet. In well sections,
however, it appears as not less than 300 feet in thickness. In
northeastern Iowa, where the dolomites are well demarked by
the Saint Peter and Jordan sandstones, the Prairie du Chien.
varies in thickness between 300 and 400 feet. To the west in
northern Towa it maintains a thickness of 300 feet at Mason City
(PL. VY and of 375 feet at Ackley (Pl. VI). At Fort Dodge (P
VI) 300 feet may with certainty be assigned to this terrane. In
central Towa it seems to thicken and appears to reach 600 feet
at Ames (Pl. XI) and nearly as much at Boone (Pl. XI); at Des
Moines (P1. XIII) it is probably 400 feet thick, although its base
there can not be accurately determined. In southeastern Towa,
at Burlington (Pl XIII), it can hardly measure less than 500
feet. At Centerville (Pl. X) more or less arenaceous dolomites
of Prairie du Chien facies were still present when the drill had
been driven 700 feet below the base of the Saint Peter, and
neither clean sandstones nor glauconiferous shales were found
to indicate that the Cambrian had been reached. South and west
of Des Moines no wells have penetrated to this horizon.

LITHOLOGIC CHARACTER.

In all parts of Towa, unless it be in the extreme northwest,
wherever the drill has reached the horizon of the Prairie du
Chien it has not failed to find it with the lithologic characteris-
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tics of its outerop quite unchanged. Everywhere it is completely

~and perfectly dolomitized. Drillings are mostly in the form of

gray or light buff, sparkling dolomitic sand. So hard is the
rock that chips of any size are rarely preserved. When such
are found they show a characteristic porous or vesicular tex-
ture. Heavy beds of dolomite occur which are quite free of
arenaceous material, but with them are always to be found sandy
dolomites and thin interbedded dolomites and sandstones. When
a complete series of drillings is at hand the Prairie du Chien
exhibits a rapid alternation of beds differing in their arenaceous
content, and sections based on a few widely separated samples
can not be reckoned reliable in detail. Quartz sand, native in
part but no doubt also in part fallen from the Saint Peter, is so
common in drillings from strata at this horizon that the rock is
designated ‘‘sand and lime’’ in many drillers’ logs. Chert is
another invariable constituent of the Prairie du Chien. Usunally
white in color, it is not accompanied by the bluish translucent
chalcedony characteristic of the geode beds of the Mississippian.
In places a siliceous oolite is found, both in outerops and in
drillings; in the latter it is recognized by the white, round grains
of chert broken from their matrix and showing concentrie struec-
ture on fractured surfaces.

The sand grains of the Prairie du Chien are generally rounded,
of clear quartz similar in facies to the Saint Peter and Jordan
sandstones. The New Richmond sandstone, however, in many
places displays, both in outerops and in well drillings, grains
which under the microscope show pyramidal secondary enlarge-
ments of crystalline silica in optical continuity with the original
grains. These crystal facets give a distinetive sparkle to the
sand in mass.

Along with these typical features of the Prairie du Chien are
others that are local and exceptional. Such are marly beds,
which yield drillings of whitish gray or pink powder that effer-
vesces freely in strong hydrochloric acid, leaving a clayey and
minutely quartzose residue. Thin beds of green or red shales
occur in some places. KEspecially worthy of note is a sandy
shale found in places as the upper part of the Shakopee dolo-
mite immediately underlying the Saint Peter sandstone; at
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Boone (Pl. XI) this shale is 10 feet thick and at Anamosa 40
feet (Pl. IX). The Shakopee is distinctly argillaceous at Belle
Plaine. At Holstein a red caving shale occurs 20 feet below the
bottom of the Saint Peter; and at Sanborn, according to the
driller’s log, shale and sand extend for 200 feet below this level.
(See PL. XVIIL.)

A wholly exceptional facies is that shown in a drill hole sunk
for oil near Maquoketa (Pl. X), the driller’s log of which states
that for 241 feet below the Saint Peter there extends a brick-
red argillaceous sandstone, of fine, rounded grains, including
seams of red shale. As only one sample was supplied for the
entire 241 feet, it was the writer’s first impression that the
drilling might have been colored by particles resulting from the
continuous caving in of a comparatively thin bed of red shale
situated near the top of the Shakopee. But the log was made
out with unusual care by the foreman in charge of the work,
and an inspection of the discharge from the sand pump, made
after the work was nearly done, showed so large an amount of
the red sandstone as to give much support to the statement of
the log. If the unconformity believed by some geologists to exist
between the Shakopee and the Saint Peter is found in eastern
Towa, the sandstone in question may be a continental deposit in
a small trough or basin, covered on subsidence by the Saint Peter
sandstone. So unlike is it to any other body of rock belonging
to the Saint Peter or the Shakopee in Iowa that the writer has
not classed it with either terrane.

The presence of rocks of reddish color underneath the Saint
Peter is reported in a number of wells in Minnesota and Illinois,
though never to such a thickness as at Maquoketa. Thus in
Minnesota the deep well at East Minneapolis shows 102 feet of
red limestone at this horizon," and the well at the West Hotel* a
dolomitic limestone 82 feet thick, reddish in color at top. In
Illinois a red marl immediately subjacent to the Saint Peter is
reported as 32 feet thick at Lake Bluff," 45 feet thick at Winnet-
ka,” and 40 feet thick at Joliet.” At the paper mill at Moline
‘‘red marl and limestone’’ 316 feet thick is reported at this
m, Bull. Minnesota Acad. Nat. Sci., vol. 3, p. 139.

*Stone, Leander, Bull. Chicago Acad. Sci., vol. 1, p. 96, 1886.
“Leverett, Frank, Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1896, p. 799.
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horizon, and at the East Moline well the Saint Peter is under-
lain by 105 feet of limestone resting on 35 feet of red marl.*

1f the red argillaceous sandstone at Maquoketa be not a con-
tinental deposit, it must be placed with the Shakopee.

SAINT PETER SANDSTONE.

DISTRIBUTION.

The Saint Peter sandstone, which overlies the Prairie du Chien
stage, is one of the most remarkable water-bearing formations
of the state. Owing to its slight resistence to weathering and
erosion it outercps only in a narrow, sinuous belt about the
outer margin of the Prairie du Chien. In the valley of Missis-
sippi river it is seen in the sides of the bluffs as far south as
Dubuque, and in the valley of Oneota river and its tributaries
it extends a short distance into Winneshiek county. Its chief
exposures are, however, in Allamakee county. It consists of a
bed of sandstone, normally white but in many places stained
with iron oxides, which reaches a thickness of 70 to 100 feet.
The thickness of the formation, as disclosed by the deep wells
of Towa, differs widely, though not so widely as in Wisconsin,
where, owing to the irregular surface of the Shakopee, on which
the Saint Peter was laid, it ranges in thickness from 200 feet in
troughs to an exceedingly thin layer on crests of the underlying
dolomites. In the Iowa wells the maximum reported thickness
1s 110 feet at Emmetsburg (Pl. XVI) and the minimum 15 feet
at Pella (Pl. XTV).

The Saint Peter probably underlies the entire state, except
the extreme northwestern part. In the southwestern part it
has not yet been reached, but its recognition at Linecoln, Ne-
braska,” and at different places in Missouri makes its presence
there not improbable.

The Saint Peter reaches its highest elevation in Allamakee
county, where it lies not far from 1,200 feet above sea level. Tt
sinks continuously to the southwest, and at Des Moines, where
last found in deep drilling (Pl. X'VI), it lies at 1,114 feet below
sea level, or more than 2,300 feet below its elevation in the north-
WX Seventeenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1896, p. 8i8.

2Sixth Bienn. Rept. Nebraska Commissioners Public Lands and Buildings, 1898,
pPp. 59-84.
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east corner of the state. In northern Iowa it dips both from the
east and from the west toward the median line of the great syn-
cline of the Paleozoic strata, and in southeastern Iowa it rises
in the Ordovician dome, so that it stands higher at Burlington
and Keokuk than at Davenport and Mount Pleasant. The forma-
tion is so important, being the first of the great series of water-
bearing beds which constitute the aquifers of the Iowa artesian
system, and it is so easily recognized by the driller and the lay-
man, that its elevation above sea level is presented on the map
(Pl I, in pocket).

LITHOLOGIC CHARACTER.

In its outerops the Saint Peter is a massive homogeneous bed
of sand, so loosely cemented that it is readily excavated with the
spade. Hand specimens of any size are difficult to obtain. No
traces of lamination or oblique stratification appear, and the
few ill-defined bedding planes are 10 to 15 feet apart.

The individual grains are exceptionally uniform in size. They
are of clear quartz, worn no doubt from the crystalline grains
of acidic igneous rocks and representing the survival of the
hardest. In this respect they differ from the varicolored grains
of the Dakota sandstone and the sand beds of the drift. They
are also remarkable for the perfection of their rounding. The
smoothness of these spherules and their ‘‘millet seed’’ appear-
ance suggest that they suffered long attrition under the winds
of ancient deserts before they were deposited in the sea. Their
shape distinguishes them from the subangular sands of the Coal
Measures and from the faceted grains of the New Richmond, as
well as from those Cambrian sandstones that are composed of
minute angular particles of quartz.

The transition from the Saint Peter, either to the beds above
it or to those below, is not everywhere abrupt. Arenaceous shales
may intervene between it and the Shakopee dolomites, and still
more commonly the Shakopee seems to include thin beds of sand-
stone. These sandy beds were noted in the field by MeGee, and
led him to classify the Shakopee as a part of the Saint Peter.!
" iMcGee, W J; Bleventh Ann. Rept. U. S. G. S., 1850-1890, pt. 1, p. 332.

6
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To recognize such sand beds in the drillings of deep wells is far
more difficult, but probably the considerable amount of quartz
sand in many wells, mingled with dolomitic chips from the Sha-
kopee, comes from intercalated sandstone beds rather than from
above or from sand disseminated throughout the limestone. At
Boone and Sabula the Saint Peter apparently includes inter-
calated beds of sandy shale. The Saint Peter is also in places
overlain by transitional sandy shales and limestones, the depo-
sition of which in some areas inaugurated the Platteville epoch.
At Des Moines a brown arenaceous dolomite, 30 feet thick, is
parted from the Saint Peter by a hard green shale 10 feet thick.
(See Pl. XIIT.) At Washington (Pl X) the Saint Peter is over-
lain by a thin bed of sandy shale. At Charles City (PL V) a
stratum, 70 feet thick, of fine-grained argillaceons sandstone
rests on Saint Peter of normal facies. At Mason City (Pl. V)
a yellow, highly arenaceous dolomite 20 feet thick, and at Belle
Plaine (Pl. VIIT) a thin bed of arenaceous limestone occupy this
horizon. At Postville (Pl. V) the Saint Peter was apparently
encountered at 755 feet above sea level; but, after passing
through 14 feet of this sandstone, the drill entered limestone of
Platteville facies, in which it continued to 689 feet above sea
level, when it reached an arenaceous, nondolomitic limestone,
which continued 13 feet to the bottom of the boring. If studied
in the field, it is probable that some of these arenaceous transi-
tion beds would be classed with the Saint Peter, but for the pur-
poses of this investigation it has seemed better to place them
with the superjacent or subjacent formations.

ROCKS BETWEEN THE SAINT PETER SANDSTONE AND THE MAQUO-
KETA SHALE.

SUBDIVISIONS.

Upon the Saint Peter sandstone rests a series of limestones,
shales, and dolomites which extends upward to the base of the
Maquoketa shale. The upper dolomitized beds of this series
have long been known as the Galena dolomite, while the lower
limestone and shales have usually been termed the ¢‘Trenton.”’
In the report of the senior author of the artesian wells of Towa'

1Rep‘t. Iowa Geol. Survey, vol. 6, 1896, pp. 145 ff.
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{the entire series was treated as a single formation, called the

‘“Galena-Trenton,”” whose strata were shown to be affected by
dolomitization to varying depths at different places. Since the
publication of this report an intermediate formation, the Decorah
shale, lias been diseriminated. The calcareous beds which over-
lie the Decorah shale are now known as the “‘Galena dolomite,’’
while the limestones and shales which intervene between the
Decorah shale and the Saint Peter sandstone are termed the
““Platteville limestone.”” These formations rise to the surface
in northeastern Iowa in a very broken and irregular area, wiich
extends from the northwestern part of Winneshiek county as
far south as Bellevue in Jackson county.

PLATTEVILLE LIMESTONE AND DECORAH SHALE.

In well sections the Platteville is singularly persistent. It
embraces a shale bed immediately overlying the Saint Peter—
the Glenwood shale of the Towa State Survey—and an overlying
body of limestone. Few well sections in Towa reach the horizon
of the Saint Peter withount finding either this basal shale of the
Platteville or the higher Decorah shale, although in many wells
the three divisions can not be made out.

The shales of the Platteville limestone and the Decorah shale
are typically rather harder, darker, and a brighter green than
the Maquoketa shale. FEven where no record or sample of them
1s preserved chavacteristic chips, evidently fallen from above,
are sometimes brought up from lower levels. At Manchester
(Pl. VI) both the Decorah shale and the basal shale of the
Platteville were found, the Decorah heing five feet thick and
carrying Orthis perveta Conrad, Strophomena trentonensis
W. & S, and several Bryozoa. A body of typical earthy blue-
gray Platteville limestone, 72 feet thick, here intervenes hetween
the two beds of shale, the lower one of which is only seven feet
thick. In northern Iowa, at Hampton, the basal shale of the
Platteville is 40 feet thick; at Charles City (Pl. V) 70 feet of
arenaceous shales are overlain by 90 feet of more typical shale;
at Waverly (Pl. VII), Sumner, Maquoketa (Pl. X) and Clinton
(Pl. XI), the Platteville limestone and Decorah shale are well
exhibited, their total thickness in the last two places measuring
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about 100 feet, including the shale at the base of the Platteville.
In northwestern Iowa the basal shale of the Platteville reaches
50 feet at Sanborn (Pl. XVII), 95 feet at Emmetsburg (Pl. XVI),
110 feet at Mallard (Pl. XVI), and somewhat less than 50 feet
at Cherokee and Holstein (Pl. XVII). At Des Moines the basal
shale member of the Platteville is also present, and the Platte-
ville and Decorah have a combined thickness of 50 feet (PL
XVTI), but the limestone of the Platteville is exceptional in that
it is ‘dolomitic. In southeastern Iowa the Platteville reaches a
thickness of 90 feet at Pella and 100 feet at Burlington. (See
Pl. X1IL.)

The Decorah shale extends to the extreme southwest corner
of the state; for in the deep boring at Nebraska City, Nebraska,
it was found at a depth of 2,764 feet, and its identification by
stratigraphic and lithologic characteristics was amply confirmed
by Ulrich’s determination of the distinctive fossils Stictopora
angularis and Dalmanella subaequata var. minneapolis ().

In a number of places the Platteville limestone includes a
brown bituminous shale from which the drill chips fragments
that readily give forth long flames when ignited. This is the
case at the Platteville outcrops near Dubuque. In southeastern
TIowa this bituminous shale occurs at Pella, Letts, Washington,
and Burlington. Its presence is of special interest, for it is from
this horizon that the natural gas and petroleum of some large
fields in other states rise to be stored in the reservoirs of over-
lying rocks. The presence of bituminous shale or other bitumin-
ous rock as a source is but one of the conditions for the accumu-
lation of these illuminants in paying quantities. As no oil or
gas has been found in the wells which reach the Platteville, even
where the formation is bituminous, it is evident that some of the
other equally necessary conditions do not exist in Tuwa in any
area yet explored.

The limestone of the Platteville is typically compact, blue or
gray, more or less argillaceous, and in many places fossiliferous;
under the drill it is broken to rather large flaky chips of earthy
luster. The magnesian content is not sufficient to prevent brisk
effervescence in cold dilute hydrochloric acid.



GEOLOGY 85

In places the Decorah shale is lacking or unreported, and here
no definite boundary can be drawn between the Platteville lime-
stone and the overlying Galena dolomite.

GALENA DOLOMITE.

The Decorah shale is overlain by a heavy body of limestone or
dolomite, known as the Galena dolomite, which extends upward
to the base of the Maquoketa shale. In its outerops in Dubuque
county, where it is a marked cliff maker along the bluffs of the
Mississippi river and its tributaries, the Galena is known as the
lead-bearing rock, and is a rough, vesicular, huff, cherty and
crystalline dolomite. More or less of the formation is completely
dolomitized in other counties of its outerop in northeastern
Towa, but dolomitization is by no means universal. In well sec-
tions the formation varies, at the same horizons. from a rather
soft nonmagnesian limestone similar to the Platteville to a
crystalline dolomite entirely similar to those of its outerops near
Dubuque. Thus in passing from Dubuque 40 miles west to Man-
chester the Galena changes from a homogeneous hody of heavily
hedded dolomite fronting the Mississippi in a wall 250 feet high
to a series of thin-bedded, earthy, blue and gray limestones.
Dolomite is absent also at Waterloo and Waverly. Where only
a part of the formation is dolomitized, as at Sumner, Charles
City, and Hampton, it is generally the upper portion. Dolo-
mitic beds are present at Anamosa. Monticello, Clinton, Cedar
Rapids, Tipton, Boone, and Fort Dodge. West of Des Moines
river only dolomites occur in the samples of the drillings of this
terrane. In central Towa the formation is wholly dolomitic and
in southeastern Iowa either the entire formation or the great
bulk of it is either dolomitized or is crystalline and strongly
magnesian.

THICEKNESS OF THE PLATTEVILLE, DECORAH, AND GALENA FORMATIONS.

In northeastern Towa the Galena, Decorah, and Platteville
formations have a combined thickness ranging from 300 to 350
feet. At Vinton their combined thickness is 401 feet, and at
Waverly it is 420 feet. In northern Towa these formations per-
sist far to the west. At Charles City (PL V) they together



86 UNDERGROUND WATER RESOURCES OF IOWA

measure 380 feet, at Mason City (PL V) 405 feet, at Mallard
(Pl. XVI) 375 feet, and at Emmetsburg (Pl. XVI) hardly less
than 300 feet. At Osage (Pl. VII) they appear to be about 500
feet thick, but the apparent increase is probably caused by in-
cluding dolomitic portions of the Maquoketa. At Holstein mag-
nesian limestones at this horizon aggregate 500 feet in thick-
ness, and at Cherokee they measure 300 feet. (See Pl. XVII.)
In the extremé northwestern part of Iowa the formations ap-
pear to thin and may feather out. At Sanborn (Pl. XVII) the
driller’s log places a bed 50 feet thick of ‘‘shale with streaks
of rock’’ immediately above the Saint Peter, and this bed may
represent the entire thickness of the three formations, Galena,
Decorah, and Platteville. In central Iowa the combined thick-
ness probably attains its maximum, measuring 410 feet at Boone
and 508 feet at Des Moines. (See Pl. XVI.) In southeastern
Towa it thins markedly. At Pella the beds measure 350 feet, at
Burlington 273 feet, and at Mount Pleasant 256 feet. (See PL
XIIL.)
MAQUOKETA SHALE.
DISTRIBUTION,

The heavy bed of dark bluish gray clay shale overlying the
Galena dolomite is known as the Maquoketa shale. It forms a
thin surface cover over the (alena in a broad but broken belt
across Winneshiek and Clayton counties, and it outcrops here
and there along Mississippi river and its tributaries as far south
as Clinton. It disintegrates so rapidly as to allow the massive
overlying Niagaran limestone to form a bold mural escarpment
extending along the entire length of Turkey river on the west-
ern side—an escarpment that clearly marks not only the south
and west limits of the Maquoketa as country rock but also fixes
the western boundary of formations of the Cambrian and
Ordovician rocks.

The Maquoketa varies greatly along its narrow outerop from
Clinton northwest to the Minnesota line. To the southeast it is
a heavy body of shale. Thickening to the northwest, it comes to
include an upper shale 125 feet thick, a medial bed of cherty
magnesiah limestone in places 50 feet thick, and lower beds of
shales and shaly limestones which may locally attain a thick-
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ness of 100 feet; in well sections this triple division, which was
perhaps first observed in this investigation, is well demarked.
Again, in many well, as in its outerops in Jackson and Clinton
counties, the formation may be a single undivided body of shale.
The tripartite division obtains in northeastern Iowa and extends
west at least as far as Ackley. Thus at Sumner the Upper Ma-
quoketa measures 80 feet, the Middle 70 feet, and the Lower 50
feet. At Manchester (Pl. VI) the median bed is represented by
a thin bed of limestone situated about 50 feet from the bottom of
the terrane. At Waterloo (Pl. VI) the upper beds are 160 feet
thick, the middle 75 feet, and the lower 30 feet. At Charles City
(PL V) the Middle Maquoketa is 30 feet thick, and at Ackley 21
feet (P1. VI). At Hampton the main body of shale is as usual
the Upper Maquoketa, and below it are ranged alternately two
beds of limestone and two of shale, each about 20 feet thick. At
Fort Dodge also beds of limestone occur at several horizons
within the supposed limits of the formation. Southward from
northeastern Towa the Maquoketa appears as an undivided body
of shale, as might have been expected from the disappearance of
1ts median limestgnes along its southern outerops.

LITHOLOGIC CHARACTER.

The shales of the Maquoketa are both softer and paler than
the Cambrian shales, and they lack the arenaceous content found
in many places in the latter. Their bluish rather than greenish
tint helps to distinguish them from the Decorah shale. They are
not arenaceous, as are some of the Mississippian shales, and the
absence of carbon and the presence of lime serve to distinguish
them from many of the Pennsylvanian shales. They resemble
most nearly the shales of the Kinderhook stage (Lower Missis-
sippian). Drillers know them by the forcible and not inappro-
priate term of ‘‘mud-rock’’ shales, since they appear in the
slush bueket as a blue mud. Drillings are preserved in hard mold-
ed masses of concreted clay, gritless but calcareous and mag-
nesian. In places the Maquoketa is highly pyritiferous. It in-
cludes in some areas bituminous brown shales. These are found
near the base of the formation in the wells at Monticello, Tipton
and Anamosa, and in the drill hole near Maquoketa sunk for
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oil. This drill hole was sunk because of a show of oil found on the
surface of a spring, or sink-hole pool, near the site where the well
was afterwards drilled, and if this crude petroleum was derived
from any subterranean source it probably came from the Ma-
quoketa horizon. At Grinnell (Pl. XV) bituminous shales 20
feet thick occur 70 feet below the assigned top of this formation.

SILURIAN SYSTEM
NIAGARAN DOLOMITE.
DISTRIBUTION.

Among the best water-bearing rocks of eastern Iowa must be
ranked the Niagaran dolomite, the only formation of Silurian
age that outerops in the state. Beginning at the prominent
Niagaran escarpment which borders Turkey river along its entire
course, filling the great eastern bend of Mississippi river to Dav-
enport, and lying east of a slightly irregular line drawn from
West Union to Muscatine stretches the area over which this
limestone outerops or lies immediately below the drift.

LITHOLOGIC CHARACTER.

Except at one or two localities the Niagaran is completely
dolomitized. Chert is not uncommon, especially in the lower
beds. Minor differences in color and texture characteristic of
the subdivisions of the Niagaran can seldom be discriminated in
well drillings. Lithologically, the Niagaran of wells situated
near its outcrops and for some distance west is a light buff, gray,
or bluish dolomite, commonly suberystalline and vesicular. Un-
der the drill it may be crushed to sparkling sand and drillers
may therefore report it in well logs as ‘‘sand rock.”’

Field surveys have shown that the Silurian pinches out in
northern Iowa until the Devonian overlaps upon the Maquoketa
shale, and the same condition is found in wells. The formation
at the Tipton outcrop is 325 feet thick, but at Waterloo it has
thinned to 107 feet and at Waverly to 50 feet. (See Pl. VII.) At
Osage (Pl. VII) but 150 feet seems to be left for the combined
thickness of both Silurian and Devonian. At Hampton but 80
feet can be allowed for the Niagaran. At Charles City (Pl. V)
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the Silurian may reach 180 feet, but as the rocks assigned to
this horizon are not lithologically characteristic the estimate
may be a good deal too large and may include some rocks prop-
erly belonging either to the Maquoketa or to the Devonian,

West of its area of outerop the Silurian suffers lithologic
changes which make its boundaries in many places difficult to
determine. Thus, at Charles City (Pl V) it is supposed to in-
clude a considerable amount of more or less argillaceous lime-
stones that can hardly be assigned to the Maquoketa, because
they would increase its thickness hevond probable measures.
Westward from Cedar Rapids, along the line of the Chicago &
North Western railway, the Niagaran facies is retained at Belle
Plaine, where the formation measures 345 feet. (See Pl. XI.)
At Marshalltown the Silurian is diminished to about 300 feet
and includes brown magnesian limestones and nonmagnesian
cherty limestones; several samples show more or less gypsum.
At Ames and Boone the Silurian includes dolomites, thin shales,
and more or less magnesian sandstones and limestones, the up-
per limit being drawn with great uncertainty, chiefly on strati-
graphic evidence. At Ackley the Niagaran comprises about 180
feet of dolomite, but at Fort Dodge, farther west, the strata
have so changed lithologically that the summit of the Silurian is
very uncertain. (See Pl. VI.)

In southeastern Towa the Silurian includes a calciferous sand-
stone, which at Washington is reported to be 100 feet thick.
At Des Moines (Pl. XVI) arenaceous beds occur near the base
of the terrane; at Centerville they are 50 feet thick and are com-
posed of fine grains of clear quartz, moderately well rounded
and sorted, many grains showing secondary enlargements whose
facets give a peculiar sparkle to the drillings. Beneath this
sandstone lies 60 feet of sandy limestone. At Ottumwa a sandy
limestone is reported at about this horizon,

SALINA (?) FORMATION.

LITHOLOGIC CHARACTER.

West and south of its outerops.the Silurian comprises an
assemblage of limestones and in places red, ferruginous, gypsif-

&

erous marls and bheds of anhydrite, which seem best tentatively
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referred to the Salina, although this terrane has not been posi-
tively identified west of the Great Lakes. Gypsum and anhydrite
are uncommon in the rocks of Towa. Isolated crystals of selenite
are present in some of the shales and beds of gypsum occur in
the Permian deposits of Webster county and in the Saint Louis
strata of Appanoose county. Both of these horizons are too
high to be correlated with the gypsum deposits found in the deep
wells. Apart from these two horizons drillings from Iowa wells
have shown gypsum or anhydrite only at the horizon attributed
for good stratigraphic reasons to the Silurian. In this system,
however, these minerals are in places too conspicuous to escape
notice. Bits of white gypsum or of the harder anhydrite are
readily noted among the limestone chips. The whole content
of the slush bucket may be a whitish mud conereting to tough
masses quite unlike marls of similar color. Under the micro-
scope many specimens show a field largely occupied with broken
crystals of gypsum or anhydrite, whose identity is recognized
unmistakably by their brilliant colors under polarized light and
by their distinctive cleavages. Chemical tests confirm these ob-
servations.
DISTRIBUTION.

These deposits are assuredly Silurian at Marshalltown, where
the Niagaran outerop is but 75 miles to the east. In central and
southern Towa, the presence of the Kinderhook above these beds
and of the Maquoketa shale below them limits their horizon to
either the Devonian or the Silurian. It is most ﬁnlikely that
they can belong to both, and between the two the choice is nov
difficult. The absence of such beds from the Devonian elsewhere,
their common presence in the Salina of the eastern United States,
and other stratigraphic reasons leave little doubt that the beds
in question belong to the Silurian and are of Salina age. The
presence of a bed of gypsum may therefore be used as a means
of correlation. At Des Moines, for example, where 588 feet
of limestone lies between the base of the Kinderhook and the
summit of the Maquoketa, the presence of gypsum 80 feet from
the top and of well-marked beds below leaves not more than 80
feet to the Devonian and more than 500 feet to the Silurian.
(See PL. XV.) On the same assumption, the Silurian at Grinnell
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is assigned 414 feet, the gypsum beds being confined to the upper
247 feet; at Pella it is assigned 255 feet (P1. X11I), and at Mount
Pleasant, where the anhydrite beds are especially well marked,
about 100 feet. The uncommon thickness thus alloted to the
Silurian at Des Moines and Grinnell leads to drawing the bound-
ary between the Silurian and Devonian higher at neighboring
points, as at Boone and Ames, than might otherwise be done.
(See PL. XTI.)

If the sub-Mississippian gypsum of central and eastern Iowa
is considered Silurian, the horizon of the gypseous beds found
in southwestern Iowa below the Carboniferous may also be re-
ferred to the Silurian; but the area is so remote from the out-
crops of the terranes below the Pennsylvanian, and deep wells
are so few, that the geologic sections in the few deep drill holes
that pass below the floor of the Pennsylvanian can be made out
only with the greatest difficulty. In the well at Glenwood (PL
XVIII) a 70-foot bed of gypseous limestones and shales was
struck at a depth of 1,924 feet. If 262 feet of superjacent dolo-
' mites and magnesian limestones and an included bed of sand-
stone are added, the Silurian will have a probable thickness of
332 feet. At Bedford, 60 miles southeast of Glenwood, beds of
gypseous marl and limestone begin at 2,005 feet from the sur-
face and continue to at least 2,350 feet. It is interesting to note
that here ferruginous red and pink limestones occur above the
gypseous beds, tending to confirm the suggestion that these beds
represent the deposits of the arid climate of the Salina epoch.
At Council Bluffs magnesian limestones referred to the Silurian
and destitute of gypsum form the chief bed.

Though the Silurian as a whole thins out in northeastern
lowa, it thickens toward central Towa, maintaining a thickness
of more than 300 feet to the southwestern border of the state.

In southeastern Iowa the local upwarp of the lower Ordovi-
cian strata causes a notable thinning of the Silurian beds toward
the dome. Thus the Silurian at Davenport, 345 feet thick, thins
to some undetermined part of the 180 feet allotted to the com-
bined Devonian and Silurian at Burlington and to a probable
60 feet at Keokuk. (See Pl. XII.) At Pella the thickness of
the combined Silurian and Devonian is 420 feet, at Mount
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Pleasant it is about half that measure, and at Burlington it is
compassed within 180 feet. (See Pl. XIII.) The thickness of
the Silurian and Devonian at Centerville is nearly 400 feet (Pl.
X) ; 80 miles east of Centerville, at Fort Madison, it measures
only 142 feet (Pl XII).

DEVONIAN SYSTEM

The Devonian limestones and shales oceupy a wedge-shaped
area whose wide base lies along the northern boundary of the
state from Winnebago county to Howard county. Pointing south-
eastward and gradually narrowing, it comes to an apex in Scott
and Muscatine counties. The Devonian includes rocks formed
during three principal epochs. The uppermost formation, the
Lime Creek shale, which is of Upper Devonian age, is typically
exposed in Cerro Gordo and adjoining counties, where it com-
prises blue and yellow shale (the Hackberry substage of the
Towa State Survey) 70 feet thick, overlain by dolomite and shale
(the Owen substage of the Towa Survey) exceeding 50 feet -in
thickness.

In other parts of the state the uppermost Devonian forma-
tion is known as the Sweetland Creek shale, and in still other
areas it is represented by the State Quarry limestone of the
JTowa Survey reports. These three formations have been re-
garded as more or less contemporaneous. Kach rests uncon-
formably upon the Cedar Valley limestone. The medial forma-
tion of the Devonian—the Cedar Valley limestone—is of Middle
Devonian age, and is the most widely distributed of the three.
It comprises an assemblage of limestones varying widely in
color and texture and argillaceous content, and in the northern
counties includes dolomitic beds, but over most of the area the
magnesian content falls far short of that requisite for dolomite.
The thickness of the Cedar Valley limestone in Johnson county
is estimated at 104 feet by Calvin. The lowezt Devonian forma-
tion—the Wapsipinicon limestone—is also of Middle Devonian
age. It consists of blue and yellow shales, cherty argillaceous
limestones, local beds of coal and coaly shales (the Independence
shale), gray lithographic limestones and breccia beds along
with limestones of other types. The lowest beds of the Wap-



GEOLOGY ' 93

sipinicon are dolomitized and can not always be distinguished in
drillings from the Silurian dolomites.

These Devonian formations can be distinguished from each
other in some deep wells, but as a rule they can not be separated,
and it is with considerable difficulty that even the limits of the
Devonian as a whole are drawn. Thus the highest shale of
the Devonian may be immediately overlain by shale of the Kin-
derhook group. Where this occurs and fossils are absent, the
disecrimination has been found impracticable even in outerops.
Certain shales in a well at Hampton are classified as Devonian
rather than Kinderhook, owing to their stratigraphic corre-
spondence with certain heavy shales, apparently Devonian, that
outcrop at Sheffield. At Belle Plaine the highest shales of the
section are placed with the Devonian only because of the general
dip of the strata of the region. (See Pl. XI.) Apparently there
is in central Towa a strong development of the Lime Creek shale,
but it can be separated from the Kinderhook only by more or
less arbitrary lines, drawn by the accepted areal distribution
and the supposed dip of the strata.

In discriminating the dolomitic beds of the Devonian from
those of the Silurian, the Silurian beds, except those of north-
eastern Iowa, are generally considered the more persistent and
the heavier. Though the area of outerop of the Devonian is
wide, measuring about 75 miles on the north from east to west.
the thickness of the terrane at any point on the area of outcrop
is not large. At Waverly (PL VII) a well section shows a total
thickness of only 70 feet of Devonian rocks, above which the
natural outerops rise some 50 feet higher.

The greatest thickness attributed to the Devonian is at Mar-
shalltown (Pl. XI), Ackley (Pl. VI), and Hampton, where it
seems to reach 300 feet. At Grinmell (Pl. XV) it is given as
about 200 feet and is largely shaly. At Homestead (Pl. XV)
heavy shales below the drift lie at the Devonian horizon, but if
there is here a downwarp, the shales may be Kinderhook in-
stead. In southeastern Iowa the Devonian nowhere reaches.
more than 175 feet in thickness. At Washington (Pl. X) 100
feet can be as:igned to it with some certainty. At Letts (Pl
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XIV), Mount Pleasant (PIl. XIII), and Burlington the Devonian
somewhat exceeds 100 feet, and at Pella and Sigourney (PL
X1IV) it reaches about 170 feet. In several instances, however, the
rocks ascribed to the Devonian may include more or less of the
basal portion of the heavy shales whose main body is unques-
tionably Kinderhook.

CARBONIFEROUS SYSTEM
MISSISSIPPIAN SERIES.

OUTCROPS AND SUBDIVISIONS.

Mississippian (Lower Carboniferous) rocks outcrop along a
belt of varying width extending from Kossuth and Winnebago
counties on the north to Missizsippi river on the southeast, and
along the river from Louisa county to the Missouri state line.
The series embraces a wide variety of rocks. With two or three
exceptions its formations are not thick. and in well sections
lithologic change is comparatively rapid.

The Mississippian of the Iowa State Survey reports, and ‘as
used in this report, comprises three major subdivisions which,
from the base upward, are known as the KKinderhook stage, the
Osage stage, and the Saint Louis limestone. The Osage stage
of this report, however, is not exactly the same as the Osage
stage of the United States Geological Survey. since, for con-
venience, the former inclndes at the top the lower part of the
Warsaw limestone, the upper part of the Warsaw being in-
cluded in the overlying Saint Louis limestone, as that formation
is defined in this report.

-

KINDERHOOK STAGE.

The Kinderhook stage embraces a median heavy shale with
limestones above and below. In central Towa the upper non-
argillaceous beds are strongly developed and furnish the white
oolitic and buff magnesian limestones of Tama, Marshall, Frank-
lin, and Humboldt counties. In well sections it is quite impossi-
ble to discriminate any basal limestones from those of the De-
vonian, and it is in many places equally impracticable to dis-
criminate the upper limestones of the Kinderhook from the
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overlying Osage limestones. The main body of shale, however,
is one of the best defined in the state, especially in southeastern
Towa. At Burlington, Mount Clara, and Mount Pleasant it runs
from 300 to 370 feet in thickness; at Fort Madison it is 268 feet
thick, and at Keokuk about 225 feet. (See Pl. XII.) North
and west from its outerop in the extreme southeastern part of
Towa, the shale thins somewhat. At Ottumwa (Pl. X) it
measures 165 feet, at Grinnell (P1. VIIT) 170 feet, at Sigourney
(Pl. XIV) 198 feet, at Pella and at Oskaloosa less than 125 feet.
(See PL. XIII.) In central and northern Iowa, as on the up-
lands of southeastern Iowa, the shales of the Kinderhook gen-
erally fail of exposure, as in preglacial time their outcrop
formed a belt of weak rock wasting to lower levels than the
area of stronger rock adjacent, and during the Pleistocene this
trough was deeply filled with drift. The absence of rock ex-
posures along a belt of considerable width bordering the line
of the westernmost Devonian outcrops may thus be explained.

In central Towa the chief beds of the Kinderhook which reach
the surface are limestones. The section at Marshalltown (PL
XTI) discloses a thickness of 145 feet for this division of the
Kinderhook and of 175 feet of underlying shales. At Ackley
(P1. VI) 207 feet of shale seems to belong to the Kinderhook.
At Hampton the 108 feet of shales immediately below the drift
falls into two divisions and, according to Williams," the same
beds occur at several points in the eastern part of the county,
giving rise to a line of springs.

West of a line passing through Marshalltown, Ackley, and
Hampton the shales of the Kinderhook greatly diminish in
thickness. They are so scant at Ames, Boone, and Fort Dodge
that the boundaries of the Kinderhook are drawn with greatest
difficulty. At Dayton they are wholly absent so far as the record
shows, although it is possible that the well may have failed of
reaching them by a few feet. Both at Boone and Fort Dodge
the base of the Kinderhook is arbitrarily drawn at a bed of thin
shales lying underneath argillaceous limestones. (See P1. XVI.)

In southwestern Towa, at Glenwood, shales 134 feet thick occur
at the supposed base of the Mississippian, and at Bedford shales
thirty feet thick are found at this horizon. (See Pl. XVIIL.)

Williams, I. A.,, Ann. Rept. Towa Geol. Survey, vol. 16, 1906, p. 482.
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OSAGE STAGE.

The rocks of the Osage stage immediately overlie the Kincer-
hook. The basal limestones of the Osage are well known to all
drillers in southeastern Iowa as the Burlington limestone.
Under the drill they break into flaky chips, many of which are
intensely white. Close examination shows that the apparent
crystalline structure of many specimens is due to the erystalline
cleavages of the broken plates and stem joints of crinoids. In
places the stone is made up almost wholly of ecrinoidal frag-
ments, and where finer cementing material is wanting the rock
becomes full of interstices and permeable to water. The lower
strata of the Burlington are somewhat thickly hedded with thin
partings. Toward the top they inclnde chert and brown sili-
ceous shales. The overlying beds of the Burlington are less
massive and in many places parted by shaly layers. These
beds pass upward into cherts (the Montrose Chert of the Iowa
Geological Survey), which form the top member of the Burling-
ton and which outerop along the bed of the Mississippi, giving
rise by their hardness to the Des Moines Rapids, which extend
from Montrose to Keokuk. Hard and resistant to the weather
as these cherts are, they prezent no special diffienlty to the ex-
perienced driller, for theyv are britfle, breaking easily under
the stroke of the drill. and their angnlar white chips do not pack.
They occur either irregularly bedded in shattered seams or so
disposed in nodules that the solution of the limy content of the
strata leaves them highly permeable and serviceable as water
beds.

On account of their purity the limestones of the Burlington
ave highly seluble. Sink holes along the outcrops indicate where
the run-off flows rapidly down to subterranean channels exca-
vated by solution along bedding planes and joints.

Above the Burlington limestone the Osage stage includes
chierty coarse-grained limestone and limy shales (Keokuk lime-
stone), which at their outerop abound in geodes—hollow shells
of chaleedony or of lime carbonate lined with erystals of quartz
or calcite. The presence of this formation is in some places in-
dicated to the driller by chips of milky chalecedony and pieces of
broken crystals of clear quartz brought up in the slush bucket
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in some abundance. Ior convenience the lower part of the War-
saw limestone is included in the Osage stage of this report.

SAINT LOUIS STAGE.

The Saint Louis limestone, the nppermost division of the Mis-
sissippian as here differentiated, forms an important part of
the country rock over Keokuk, Washingten, Henry, and Lee
counties, over minor areas in adjacent connties, and over Story,
Webster, and Humboldt counties. Its lowest division consists
of shale and shaly limestones, which properly helong to the War-
saw limestone, but which for convenience are included in the
Saint Lonis, A median division consists of gray sandstones,
shales, and brecciated limestones, the sandstones predominating.
The upper division is made up largely of heavily bedded, im-
pure magnesian limestones with some marls. These different
subdivisions are distingnished in the shallower wells of the
‘region of outerop, but have not been traced to any distanee from
their outerop by means of the deeper wells.

THICKNESS OF OSAGE STAGE AND SAINT LOUIS LIMESTONE.

The geologie sections (Pls. V-XVIII) show that the combined
thickness of the Osage stage and Saint Louis limestone as dif-
ferentiated in this report varies within wide limits. The upper
surface of the Mississippian is everywhere a surface of erosion,
not only along its oufcrops, but also where it is parted bv a
strong unconformity from the overlying Pennsylvanian, and for
this ‘reason inequalities of hundreds of feet are not unexpected.
The change of the Kinderhook from shale to limestone in passing
north and northwest from its outerops in southern Towa in-
ereases the thickness of the Mississippian above the shales, but
here the upper limestones of the Kinderhook can seldom be
diseriminated from those of higher terranes. Along the east-
ern part of the belt of outerop the terrane is naturally thin be-
caunse of the absence of the superior members.

The thickness of the Mississippian above the Iinderhook
amounts to about 300 feet in the sontheastern part of the state
(Pl. XTV), where it passes beneath the Pennsylvanian rocks,
measuring 270 feet at Pella, 300 feet at Newton. 306 feet at

i
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Sigourney, and 320 feet at Dayton. Farther wast it apparently
thickens, and at Centerville (Pl. XVI) it measures a little more
than 500 feet. A like thickening is observed in central and
north-central Towa. At Ames a thickness of 445 feet is assigned
to the Osage and the Saint Louis, at Boone (Pl XI) 485 feet,
and at Fort Dodge 500 feet, although at each of these places
the base of the Osage is by no means certain. In northwestern
lowa the Mississippian maintains a thickness of more than 200
feet at Cherokee. In southwestern Iowa (Pl. XVIII) it is given
355 feet at Bedford and 280 feet at Glenwood. At Lincoln, Ne-
braska, it seems to have nearly or quite disappeared.

PENNSYLVANIAN SERIES,

SUBDIVISIONS.

Rocks belonging to the Pennsylvanian series or Coal
Measures lie at the surface or immediately beneath the drift
in most of southern Iowa and immediately beneath the Creta-
ceous rocks in western JTowa. (See fig. 6.) The series is
divided into two stages, the Missouri and the Des Moines. The
Missonri stage (Upper Coal Measures) occupies the southwest-
ern part of the state and consists of shales and limestones. The
Des Moines stage (Lower Coal Measures) outerops to the east
of the Missouri stage, and is composed predominantly of shales,
with some sandstone and a few beds of limestone. Drill cores
and natural sections show in each group a rapid vertical litholo-
gic alternation, and not infrequently the slush bucket brings
up from the cutting of the churn drill samples of thin alternating
layers of several different kinds of rock. Field exposures show

rapid horizontal changes in the strata. Thick lenses of sand-
stone, for example, thin out in a few miles and are replaced

by argillaceous beds.
DES MOINES STAGE.

The Des Moines stage occupies a belt 50 to 80 miles in width,
extending from the southern part of Humboldt and Wright
counties southeastward to the eastern half of the Missouri state
line. An outlier of about 80 square miles overlies the Devonian
along Mississippi river in the southern part of Muscatine and
Scott counties.
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At the base of the Des Moines is a sandstone which though
not everywhere present deserves special mention. In the deep
wells of eastern Towa as far west as Des Moines this sandstone
is absent from the deeper wells; in southwestern Iowa it occurs
in all wells which reach its horizon. At Atlantic it is 50 feet
thick, the uppermost half being a gray sandstone of finest grain,
succeeded by five feet of sandy limestone, six feet of brown sand-
stone, and 15 feet of gray sandstone. At Glenwood gray sand-
stone of imperfectly rounded grains 107 feet thick, including
25 feet of chert and shale, lies immediately upon the cherts of
the Mississippian. At Bedford the sandstone attaing 160 feet
in thickness. (See Pl. XVIIL.)

The Des Moines stage in southeastern Towa. consists at the
base of shales with some sandstones and singularly persistent
thin limestone beds rarely exceeding one or two feet in thickness.
These beds are overlain by a series of persistent limestones
with shales and coal seams. At the top is the conglomerate, to
which Bain applied the name Chariton. On the whole, the well
sections of the Des Moines show a large predominance of shales,
for the most part gray or blue in color, though heavy beds of
dark drab and blackish shales are not uncommmon, and red shales
occur in many places. In composition they range from pure
clay shales to limy, or sandy, or carbonaceous shales, and these
may shade off horizontally into limestones, sandstones, or coal.

MISSOURIL STAGE.

The upper stage of the Pennsylvanian, known as the Missouri,
occupies the southwesi corner of Iowa, extending from the mid-
dle of the southern boundary to the middle of the western, but
the hypothenuse of the triangle thus formed is overlain in the
north-central part by a very broken and irregular extension of
the Cretaceous. The sediments are chiefly calcareous shales in-
terbedded with heavy and persistent beds of limestone. The
latter are remarkably evenly bedded and extend over wide areas.
Individual beds of limestone are much thicker than those of the
Des Moines stage, in places reaching a thickness of 50 feet or
more. About 11 divisions of the Missouri stage have been plau-
sibly discriminated by students in the field, but as no attempt
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has been made to identify them in the deep-well records they need
no detailed mention. :

PEERMIAN SERIES.

The strata tentatively referred to the Permian occupy so small
an area that their effect upon the distribution and quality of
underground waters is insignificant. The gypsum deposits in
the vicinity of Fort Dodge and the associated red sandstones
and shales which have been tentatively referred to the Permian
on lithologic and stratigraphic grounds are unfossiliferous.
They lie unconformably upon strata of the Des Moines stage, or
where these have been removed by erosion, upon the Saint Louig
limestone. An erosion interval of considerable length thus sep-
arates the period of their deposition from the Des Moines epoch.

CRETACEOUS SYSTEM
DAKOTA AND COLORADO STAGES.

The latest terranes of the country rock of Towa belong to the
Upper Cretaceous. They cover the northwestern part of the
state and extend a ragged and broken arm southward almost
to the Missouri line in Page county. Over much of the area
they occur in more or less isolated patches whose borders can
seldom be determined on account of the heavy cover of drift and
the infrequent outcrops. On the geologic map of the state the
Cretaceous is indicated as a continuous formation over the area
embraced by its scattered outcrops.

The Cretaceous rocks of western Towa belong to the Dakota
and Colorado stages. They overlie the Paleozoic formations
with pronounced unconformity. The Dakota is a coarse-grained,
ferruginous sandstone, very poorly cemented and locally inter-
bedded with seams of clay. In places it includes beds of very
fine incoherent sand. It is of the same age as the great aquifer
of the South Dakota artesian slope, but being separated from
that area by outcrops of the Sioux quartzite it does not show
the high artesian pressure which characterizes the formation
in the South Dakota field. ‘
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Overlying the Dakota sandstone occur shales and calcareous
beds of the Colorado stage. Drillers in western Iowa should
take special pains to discriminate these from the pebbly clays
of the drifts.

TERTIARY SYSTEM

In a few localities patches of gravel and sand discovered be-
neath the drift have been tentatively referred to the Tertiary
system.

In Tertiary and other preglacial periods the long disintegra-
tion and decay of the country rock produced a deep mantle of
residual material, which was not wholly swept away by the in-
vasions of the Pleistocene ice sheets. Over the driftless area
residual clays remain continuous and heavy. Elsewhere they
have been largely removed by glacial erosion and are now found
in thin and scattered patches occupying depressions in the rock
surface underneath the drift. Formed of the insoluble constit-
uents of the country rock, they spread over the limestone and
shale areas of the state as stiff, plastic, and impervious clays
colored deep red or brown by iron oxides. Where cherts are
present in the parent rock their insoluble fragments may form
a large part of the deposit.

Decay and disintegration, no doubt in large part preglacial,
have affected the country rock in another way which directly
concerns the distribution of ground water. Sandstones have
been broken down into beds of incoherent sand by the removal
of their cements, and heavily bedded limestones have disinte-
grated into a surface zone of thin spalls by the detachment and
fracture of their constituent laminz. Thus has been opened up
beneath impervious residual clays and till sheets a zone of ready
passage for ground water.

OQUATERNARY SYSTEM
PLEISTOCENE SERIES.

The Pleistocene series in Towa comprises the deposits of five
distinet glacial stages and of four interglacial stages. The de-
posits of the glacial invasions consist of stony clays—the ground
moraines of ancient ice sheets—together with beds of sand and
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gravel sorted and laid by the waters of the melting ice. The
stratified and unstratified deposits together constitute the drift.
The deposits of the interglacial epochs include old soils, marsh,
and forest beds, and sands and gravels laid by the rivers of the
time. (See Pl. ITI, in pocket.)

NEBRASKAN DRIFT.

The oldest and lowest glacial deposit is that of the Nebraskan
stage. It embraces both sands and gravels laid down on rock
by streams deploying in front of the advancing glacial ice, and
also a ground moraine of blackish till bearing a large number
of greenstone pebbles.

| AFTONTIAN GRAVEL.

The Aftonian interglacial epoch derives its name from Afton
Junction, Union county, Iowa, where heavy deposits of sands
and gravels were found lying between the Nebraskan drift and
that of the succeeding glacial stage—the Kansan. These type
deposits were at first supposed to have been laid down by floods
of the melting ice of the Nebraskan glaciers, but the recent dis-
covery at a number of localities in western Iowa of Aftonian
gravels carrying a rich mammalian fauna proves that they were
laid down during an interglacial time whose climate was far
from boreal.!

On the uplands these gravels are generally thin and in places
are entirely wanting; in the lowlands they form extensive beds,
in many places filling the preglacial valleys to depths of 50 to
60 feet. To the same stage belong old soils and forest beds
developed on the Nebraskan drift sheet. In the southwestern
part of the state these layers bear decaying organic matter
known by drillers as ‘‘sea mud,’’ ‘‘stinking clay,”’ and ‘‘black
muck,”” which not infrequently renders the waters of deep-bored
wells obnoxious.

KANSAN DRIFT.

The deposits of the second ice invasion consist largely of a
clayey till, dense, tough, and difficult to excavate, charged with
many small pebbles and sparse bowlders. Little stratified ma-

ICalvin, Samuel, Bull. Geol. Soc. America, vol. 20, pp. 341-356.
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terial is intermingled or associated with the Kansan drift. The
till is blue-drab in color where unweathered, but so great is its
antiquity that it is reddened by oxidation to a considerable
depth. The Kansan drift was spread over all the state ourside
of the driftless area, and to it belongs the larger part of the
stony clays pierced by the drill in any county.

YARMOUTH STAGE.

In eastern Iowa, where the Illinoian drift sheet overlaps the
Kansan, there are found old soils and weathered surfaces be-
longing to the interglacial stage called the Yarmouth, from the
village of that name in Des Moines county. The gravel that is
- widely spread over the Kansan drift in Buchanan and other
counties of northeastern Iowa overrun by the Iowan ice and
hence termed the Buchanan gravel, was probably laid downu in
Yarmouth time. Two phases are discriminated by the Iowa
State Survey—an upland phase, heavily rusted and decayed,
and a valley phase of sands and gravels more quartzose in
character.

ILLINOIAN DRIFT.

Within the narrow belt of its occurrence along Mississippi
river in southeastern -Iowa the I]linoian drift consists mainly
of a clayey till differing from the Kansan till in the larger pro-
portion of dolomite pebbles which it carries, in a slightly less
compact structure, and in a weathered zone of lesser depth. The
upper surface of the drift sheet underneath its cover of loess
is marked by a leached gray soil and vegetal deposits of the
Sangamon interglacial stage.

IOWAN DRIFT.

The Towan drift, as diseriminated by Calvin, is recognized most
readily by the characteristic topography already described (p.
56). Itis exceptionally thin. It consists of a light yellow clayey
till and numerous large superficial bowlders, generally of
. granite.

WISCONSIN DRIFT.

The latest ice invasion of the state laid down a ground mo-
raine of clayey till containing a notably large proportion of
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limestone pebbles. The slight extent to which it has been oxi-
dized and leached of lime marks its recency. The drainage of
Wisconsin time was exceptionally vigorous. Gravel hills called
kames mark the places where glacial streams reached the
margin of the ice and threw down their loads. Outwash sands
and gravels cover whole townships in continuous sheets, and
deep gravel deposits were laid down by swollen rivers along all
waterways leading outward from the area of this drift.
LOESS.

Loess is a gritless loam intermediate in size of particles be-
tween sand and clay. Because of its loose texture it is highly
permeable. Much of the surface yellow loess is underlain by a
blue-gray loess supposed by some to be of greater age. In
other places it may graduate into a reddish loam intermediate
in texture and color between loess and the red residnal clays or
the red weathered clays of the drift on which it rests.’

About the Towan border and also over wide areas of the Tlli-
noian drift the loess passes downward into sand by interbedded
alternate layers of the two deposits. Such deposits are some-
times referred to as subloessial sands. Loess is widely dis-
tributed in Iowa, covering practically all the state except the
areas of the Iowan and the Wisconsin drift sheets, and being
found even upon these in some small patches.

ALLUVIUM.

Alluvial deposits consisting of many feet of sand and gravel
alternating with clay and covered with silt and loam fill the
valleys of most of the larger streams to a considerable depth.
Much of this material belongs to deposits already deseribed, but
is indistinguishable from the more recent beds.

INorton, W. H., Geology of Scott County; Iowa Geol. Survey, vol. 9, pp. 486-487.



GEOLOGIC OCCURRENCE OF UNDERGROUND WATER 105

CHAPTER III.

GEOLOGIC OCCURRENCE OF UNDERGROUND WATER.

BY W. H. NORTON, HOWARD E. SIMPSON, AND W. S. HENDRIXSON.

CLASSIFICATION OF UNDERGROUND WATERS

In a prairie region of uniform and abundant rainfall, such as
prevails throughout Iowa, the permanent ground-water level
may be found at no considerable distance below the surface,
and water suitable both in quality and quantity for domestic,
farm, and village supplies may generally be obtained from shal-
low wells. Many such shallow waters are too meager or too
liable to pollution to meet the needs of industrial plants and of
towns and cities. Where large supplies of the purest ground
water are needed it has been necessary to resort to artesian
waters of the deeper zones of flow reached by wells hundreds
and in some places thousands of feet in depth.

The underground waters of Iowa, therefore, fall into two
groups. The first group, comprising those available for home,
farm, or village supply, commonly lie less than 100 feet and
rarely more than 500 feet below the surface, and are usually
obtained from bored, driven, or drilled wells, or in a few dis-
tricts where the valleys are cut beneath the ground-water table,
directly from springs. These waters are frequently termed
shallow or local waters, as they are fed directly by local rain-
fall absorbed threugh the soils above. Wells drawing their sup-
ply from these sources penetrate only the drift or superficial
deposits and the country rock—the rock terrane outcropping
in the area or immediately underlying the superficial deposits.

The second group of waters, those belonging to rock strata
buried below the country rock and circulating through the more
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permeable layers under greater or less pressure, are termed
artesian waters, and wells deriving their supply from such
waters are termed artesian wells whether they flow at the sur-
face or not. Many cities and industrial plants resort to these
waters, while others utilize groups of shallow wells in alluvial
deposits or the surface waters of streams.

The line of separation between the country-rock waters and
the artesian waters can not, however, be sharply drawn. In the
driftless area in northeastern Iowa the deep artesian rock sys-
tems rise and become country rock, and practically all the com-
mon wells are of the artesian class, though few exceed 500 feet
in depth. Artesian wells are also found in both the drift and
the country rock immediately under the drift, many of them at
depths much less than 500 feet. And again in some portions
of the state ordinary wells pass through the shallow drift and
country rock into formations not exposed near the surface.

WATERS OF THE ROCK FORMATIONS

ARTESIAN FIELD.

OCCURRENCE OF WATER.

The artesian field of Towa is but a part of an extensive area
of the upper Mississippi valley where artesian conditions pre-
vail—an area embracing southern Wisconsin and Minnesota,
northern Missouri, and a large part of Illinois. The chief water
beds, or aquifers, of the artesian system of this large area out-
crop in southern Wisconsin and Minnesota, so that these states
include the gathering ground from which the artesian waters
are collected. On account of the very gentle inclination of the
strata and the thickness of the chief aquifers, the collecting area
is exceptionally large, and this, together with the abundant rain-
fall of the region, insures the artesian field, as a whole, against
exhaustion.

From the intake area, or area of outcrop, the strata of the
artesian system have a general southward inclination. They
do not, however, show a uniform artesian ‘‘slope,’’ but lie in
the form of a shallow trough open to the southwest. The axis
of the trough enters the state from the north about midway
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between the eastern and western borders and leaves it at the
southwest corner. In southeastern Towa the lower beds of the
Paleozoic rise in a dome now covered and concealed by later
Paleozoic formations. It is possible also that in southern Iowa
begins the upward rise of the lower Paleozoic strata disclosed
in deep wells in north-central Missouri. As the strata of south-
eastern Nebraska dip also toward the axis of the trough, the
Towa field is somewhat spatulate, and needs only to be closed
by a rise of strata to the southwest in order to form an artesian
basin.

So gentle is the inclination of the strata that the Cambrian
and Ordovician water beds remain within reach of the drill and
may be profitably exploited over all except the southwestern
part of the state, where the dip of the trough carries them so
deep that so far no well has reached them. Here, however,
higher water horizons of the same system are able in part to
take their place.

The map (Pl I, in pocket) showing the distribution of arte-
sian wells in Towa roughly indicates the nearness of the chief
aquifers to the surface. Thus, in eastern and northern Iowa,
where wells are numerous, the depth to the aquifers is slight,
and toward the southwest, where they are fewer, the distance
to the water beds is steadily increasing.

The Cambrian and Ordovician systems contain a number of
thick water-bearing sandstones which supply the deep wells in
the northeastern part of the state. These are, in downward
succession, the Saint Peter, New Richmond, Jordan, Dresbach,
and the older Cambrian sandstones. The Paleozoic formations
above the Saint Peter also contain water-bearing members,
chiefly limestones and sandstones, but these can scarcely be com-
pared with the sandstones already mientioned for the quality
and quantity of their water.

The Cretaceous system contains considerable water in the
Dakota sandstone, which is its basal formation, and supplies
many wells in the western part of the state.

The Pleistocene deposits, especially the beds of sand and
gravel, yield supplies to innumerable shallow wells in nearly
all sections and are the most important source of water in the
state.
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QUALITY OF WATER AS RELATED TO GEOLOGIC SOURCE,

To determine with accuracy the quality of water supplied by
the different geologic formations seems well-nigh impossible
from the data at hand. This is due to several facts:

In very few, if any, deep wells are the waters known to be
derived from a single stratum. Many wells from 1.000 to 2,000
feet deep are cased only to rock. Some are cased for a few
hundred feet; few are cased more than 1,000 feet; scarcely a
single very deep well is cased to the lowest water-bearing forma-
tion. It i1s evident that the output of most of the deep wells,
therefore, represents a mixture of all flows below the casing.
This is true, for example, of the wells at Cedar Rapids, cased
to 85 feet; of the well at Hampton, cased to 200 feet: of the
well of the Murray Iron Works at Burlington, whose water,
according to the owner, represents all flows; and the same may
be said of many others.

Casings in many Iowa deep wells are short-lived. The casings
of well No. 1 at Grinnell, of No. 2 at Centerville, and of the
wells at Cedar Rapids illustrate the destructive action
of the upper waters on iron tubing. It seems probable that the
life of such casing when exposed to the action of the heavily
mineralized waters of the Carboniferous may be only 5 to 10
vears, and therefore waters shut out when the well is drilled
may later enter the well.

(C'asings are often faultily put down and do not shut out the
waters they were intended to exclude. Though the wells at
Grinnell have been cased with as much care as others, they are
good illustrations of faulty casing. In well No. 1 there was
known to be a break in the casing at about 400 feet, and the well
always yielded water containing about 2,000 parts per million
of solids. The water had the characteristics of the water from
several shallower wells in the neighborhood, which are known
1o derive their waters from the drift just above solid rock and
from the Carboniferous. Well No. 2 was provided with a con-
tinuous casing for about 840 feet, and while the casing remained
in good condition its water contained less than half as much
mineral matter as well No. 1, the best analysis showing 881
parts total solids, though even then a small flow of very hard
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water surely entered at about 1,530 feet. Several years after
it was drilled it was found that the shale had caved, filling the
well to 1,700 feet, or just above the Saint Peter sandstone, and
an analysis at the time, mainly of the flow at 1,530 feet showed
about 5,000 parts of solids. Though several analyses have been
made of water from well No. 3, which was drilled and cased to
the same depth as well No. 2, none of them have been as low in
solids as the 881 parts found in No. 2, the lowest for No. 3 being
1,147 parts. It is probable that the casing of this well is not
perfect as far as it goes, and it is certain that none of these wells
have yielded water from only the Saint Peter and the New Rich-
mond sandstones.

The water in one stratum may find access to another through
fissures or more slowly by seepage. The similarity of the waters
from the sandstone strata of the Cambrian and the Ordovician
giveg some support to this view.

Though the stratum supplying the greater part of the water
can be determined in many wells, the entrance of a small amount
of water from another stratum may render such information
valueless in a region like Iowa, where many waters are so highly
mineralized. For instance, 90 per cent of a well’s yield might
come from a formation supplying excellent water, but the other
10 per cent, coming from a formation furnishing salt water,
might render the supply nonpotable.

Though the characteristics of the waters from the several
aquifers cannot be made out with scientific accuracy in all parts
of the state, much may be learned of these waters from the data
at hand, and there is little doubt as to their quality in general.

WATER IN PRECAMBRIAN ROCKS.

SIOUX QUARTZITE.

The close joints which appear in the Sioux quartzite at its
outecrops and some little-indurated sandy layers which it in-
cludes permit it to contain a considerable quantity of ground
water. 'These joints, however, may be expected to decrease
rapidly with inecrease in depth. It should be clearly under-
stood, then, that the drilling of deep wells below the summit
of the pre-Cambrian of Iowa is not only difficult and costly, but
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also futile. In no place within the limits of the state can it be
encouraged. When the drill reaches these erystalline rocks the
work should cease. But the question whether the pre-Cambrian
rocks have really been reached can not be left to either the work-
man or to the citizen untrained in the determination of rocks.
It must be decided by an experienced geologist.

The Sioux quartzite is knmown to yield small quantities of
water,” and at Sioux City about three gallons a minute is re-
ported to be obtained from schist at a depth of 1,480 feet, but
it is needless to say that sueh small supplies do not repay deep
drilling through hard rocks. '

WATER IN CAMBRIAN AND ORDOVICIAN ROCKS.
CAMBRIAN SYSTEM.
DRESBACH SANDSTONE AND UNDERLYING CAMBRIAN SANDSTONES.

Wells.—The porous saccharoidal Dreshach and underlying
Cambrian sandstones yield freely an excellent water in north-
eastern and eastern Towa. It is these sandstones which supply
the many flowing wells of the valley of Upper Iowa river and
furnish a large part of the flows of the deeper wells of the imme-
diate valley of the Mississippi as far south as Davenport. West
of the Mississippi it has seldom been necessary to drill to these
horizons. No water was reported in these sandstones at Cedar
Rapids and Anamosa, although this fact does not make it cer-
tain that none was found. At Boone these sandstones supply
the major portion of the flow. With increasing depth to the
west and southwest they become less and less pervious as their
pore spaces are increasingly filled with cements, and the water
which they contain becomes more and more highly mineralized.

Springs—These sandstones outerop so slightly as to produce
few springs. The high artesian pressure, however, supplies
water for a goodly number which flow from joints in the over-
lying Saint Lawrence formation.

WATER IN THE SAINT LAWRENCE FORMATION.
The shales and, as a rule, the calcareous beds of the Saint
Lawrence formation are dry. At Waterloo, however, the latter

1Hall, C. W., and others, Geology and water resources of southern Minnesota;
Water-Supply Paper U. 8. Geol. Survey No. 256, 1911, pp. 48, 56.
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are said to yield water. In general, the impermeable beds of
this terrane serve to separate the water of the Dresbach and
underlying sandstones trom that of the Jordan sandstone, allow-
ing each to maintain its individual characteristies.

As stated above, many springs originating in the Dresbach
and underlying sandstones find exit through the shales of the
Saint Lawrence formation.

WATER IN THE JORDAN SANDSTONE.

Wells.—The Jordan sandstone is one of the chief, if not the
chief, of the aquifers of the Iowa artesian system. It is re-
ported as a water bed at Dubuque, Clinton, Davenport, Waver-
ly, Waterloo, Vinton, West Liberty, Ames, and Ottumwa. It
no doubt furnishes large yields in many other wells whose water
liorizons are not recorded. The rather coarse, smooth, well-
rounded uncemented grains of quartz afford large pore spaces
which permit the ready percolation of artesian water, and the
absence of soluble constituents leaves the water with compara-
tively low mineral content. At few places have any accurate
tests been made of the capacity of the Jordan as compared with
that of other water beds. At Ames the ability of the Jordan
to contribute to the general supply was found to be nearly four
times that of the New Richmond and fifteen times that of the
Saint Peter.’

In the valleys of the main rivers and their tributaries where
the Jordan outerops it supplies many ordinary wells, some of
which give constant flows, but the head is not strong because
of the leakage through the many outerops along the valley walls.
The formation is tapped by many upland wells in the northern
and eastern portion of Allamakee county, but the head is so low
that the wells are commonly continued down into the Dresbach
or underlying sandstones, where no better water is found but
where a stronger head is obtained, owing to the presence of the
overlying shaly limestones of the Saint Lawrence formation,
which prevent the upward dispersal of its artesian waters, and
the very small area of outecrop from which leakage in the form
of springs may occur. Farther from the numerous outerops
the head of the Jordan rises, and many wells in the northeastern

1Beyer, S. W., Towa Agricultural Coliege water supply, 1897, p. 11.
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portions of Winneshiek and Clayton counties pass through the
Oneota limestone to procure the excellent water of the Jordan.

Springs—Springs are very numerous in the Jordan sand-
stone owing to the large pore space between its grains and the
lack of interstitial filling. Many flow freely from the rock where
it overlies the limestone of the Saint Lawrence formation and
from above the scattered shaly or limy bands.

Wherever the Jordan outerops on the valley walls its waters
drain away freely in seeps and springs, and wherever its con-
tact with the underlying shaly limestones of the Saint Lawrence
is exposed the water collected over this impervious floor flows
out, frequently in powerful streams.

WATER 1N THE ORDOVICIAN SYSTEM,

PRAIRIE DU CHIEN STAGE.

Wells—The Prairie du Chien stage is one of the most im-
portant of the aquifers of Iowa. Underground waters have no
doubt opened passages along joint and bedding planes through
their solvent action on the limestone. The sandy intercalated
layers, although neither thick nor persistent, offer easy paths
for ground water, and communicating as they must with the
channels of solution, form water beds which the drill seldom
fails to tap. The New Richmond sandstone especially is a water
carrier and adds materially to the supply at Dubuque, Water-
loo, Vinton, Grinnell, West Liberty, Ames, and Des Moines. A
still larger number of wells find water in the lower limestone,
the Oneota dolomite, these being so far as reported, the deep
wells at Waterloo, Clinton, Summner, Anamosa, Cedar Rapids,
Homestead, West Liberty, Ottumwa, Des Moines, and Center-
ville. A few wells, such as those at Waverly, Waterloo, and
Grinnell, ave reported to obtain water from the Shakopee dolc-
mite, and as this formation has many sandy layers the number
of wells which receive accessions to their supply from this
source is probably larger than the records show,

The Prairie du Chien in many places seems to offer no im-
pervious floor to the Saint Peter, and there appears no reason
why the waters of the two should not in general freely mingle;
some wells, however, have found shaly beds which lie between
the two terranes and locally keep their waters separate.
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Springs.—Owing to its many open joints and bedding planes
and even large solution caverns, the Oneota produces many large
springs. The strongest of these are near the base, where its
openings permit the escape of artesian water from the Jordan
sandstone. From this horizon flow many of the powertul springs
of the Mississippi and Oneota valleys in Allamakee county.

The New Richmond sandstone gives rise to many small flows
and much seepage along its contact with the underlying Oneota.

WATER IN THE SAINT I'ETER SANDSTONIL.

Wells—The Saint Peter is easily distingnished by drillers and
1s perhaps the best known of lowa’s geologic formations. It
never fails to yield some water and in many places yields abun-
dantly. The head of the water differs from that in overlying
terranes, so that the inflow of water into the tube at this horizon
is readily marked, whereasz lower flows, with about the same
Liead as that of the Saint Peter, may either escape the observa-
tion of the driller or be thought not worthy of record. The
list of wells which are reported as drawing water from the Saint
Peter is too long for mention, including as it does a large num-
ber of the deep wells of the state.

The pore spaces of the Saint Peter are large, owing to its
“millet-seed?’” strueture, and the moderately large, well-rounded
graing, fairly uniform in size, do not pack so closely as do sand-
stone grains more diverse in size and in shape. The pore spaces
are unfilled. No clay was laid down along with the gnartz
grainsg on the ancient sea floor. Since the uplift of the forma-
tien ground water has seeped freely through it, and, if inter-
stitial depozits were ever made by mechanical or chemical
processes, they have long bheen dissolved and washed away. The
smoothness of the grains brings the frietion of water in trans-
misgsion to a minimum. For all these reasons the capacity of
the Saint Peter for storage and transmission of water must
equal that of a bed of ordinary incoherent sand.

On account of the well-nigh complete absence of soluble ma-
terials in both the constituent grains and the interstitial cements
of the Saint Peter, the water seeping throngh it has little oppor-
tunity to take minerals into solution, and it therefore remains

of exceptional purity for long distances from its sources.
8
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The Saint Peter is within reach of farm wells in all of Clayton
county, the southern and western portions of Allamakee county,
the northern and eastern portions of Winneshiek county, and
the eastern portion of Dubuque county. (See PL I, in pocket.)
Throughout this area one of its striking characteristies is its low
head in comparison with overlying terranes, especially near the
area of outcrop. Wells sunk through overlying strata with a
high head of little water immediately lose 100 or 200 feet of
this head on penetrating the Saint Peter but find at the same
time an abundance of water. The reason may be found in the
freedom with which water flows through this very permeable
rock both to outerop and to well holes giving a constant supply
but little pressure; whereas in the overlying rocks with small
storage and transmission capacity the pressure is relieved and
the water is drawn away immediately on pumping.

Springs—The massiveness and the lack of stratification
planes and crevices are not favorable to the gathering of the
abundant water of the Saint Peter into definite channels and
its discharge in copious springs. Nevertheless small springs
from it are common and seepage universal, and it is an important
contributor to the flow of all streams over its area of outerop.

WATER IN THE PLATTEVILLE LIMESTONE AND DECORAH SHALE.

The shale of the Platteville limestone and the Decorah shale
vield no water and in many borings must be cased to prevent
caving. They serve an important office in maintaining the head
of the waters of the Saint Peter sandstone, whose upward leak-
age they prevent, and also in separating them from the waters
of the Galena dolomite.

WATER IN THE GALENA DOLOMITE.

Wells.—Sealed between two shales, either the Decorah shale
or the shales of the Platteville limestone below and the Maquo-
keta shale above, the Galena forms a water bed of no little value.
Where dolomitized and nonargillaceous, it is porous, not indeed
sufficiently to permit free percolation but enough to give
rise to incipient waterways along joints, bedding planes,
and specially porous layers, and these have developed by
solution into definite channels capable of a large yield to wells.
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Though no assurance can be given that the drill will strike
one of these channels, it has done so in a good many of the
Iowa wells, as at Clinton, Davenport, Fort Madison, Sumner,
Osage, Mason City, Hampton, Webster City, Holstein, Grin-
nell and Pella. At Davenport the Galena water is so nearly
identical with that of the Saint Peter in quality and head
that a rise of the latter through the crevices of the Galena 1is
strongly suggested. The yield from the Galena and Platteville
is In some places abundant, amounting in some of the wells in
Davenport and Rock Island to 300 or 400 gallons a minute. At
Mason City the entire city supply is drawn from these forma-
tions.

In shallow wells the Galena affords excellent water through-
out its area of outerop. Its base at least is saturated, and south-
ward and westward, where it dips under the Maquoketa shale,
it continues water-logged. Thus it remains the chief source of
farm wells in large areas of Winneshiek, Clayton and Dubuque
counties, where wells penetrate the Maquoketa shale and are
drilled to depths of 300 to 400 feet to reach it. The waters are
hard, from limestone dissolved in passage, and may be in places
contaminated by surface drainage, through the numerous sink
holes opening into fissures which everywhere traverse the rock.
The freedom of circulation and the poteney of the Galena wa-
ters to carry materials in solution for long distances is shown
in the deposits of lead and zinc ores which are found in
abundance in the old crevices, fissures, and caverns of the
Galena about Dubuque. In West Dubuque there is an area
¢o cut up by labyrinthine passages underground and so
full of water that it is known as the McPoland Pond. On one
occasion a small skiff was taken down a shaft and used in ex-
ploring this ground.

Springs—The springs issuing from the Galena dolomite are
among the most copious in the state. This is a direct result
of the many channels, some cavernous in size, that have been
opened by solution along bedding planes and intersecting joints.
The chief horizon is that at the base of the formation, im-
mediately above the impervious Decorah shale. Over the wide
areas where the Galena is the country rock, large numbers of
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sink holes pit the surface and lead the storm waters directly
into the fissures and thus furnish a ready supply of water. In
some places storm waters are led so directly to a near-by valley
that they form a large part of the supply of some spring, which
readily responds to every rainfall by showing a proportional
inerease in volume and turbidity. Such springs, however,
should be avoided, as they are very liable to polution by organie
impurities washed into the sink holes with the water.

WATER IN THE MAQUOKETA SHALE.

Wells—The thick impervious clay shale known as the Ma-
quoketa shale not only prevents the rize of (lambrian and
Ordovician artesian waters into higher terranes but also forms
an impermeable floor for the Niagaran waters above it. In this
respeet it is of especial value over the large area of Niagaran
outerop in eastern Iowa, where, by preventing the downward
leakage, it causes the water of the Niagaran to accumulate suf-
ficiently for the supply of small towns and villages. The dolo-
mites of the Middle Maquoketa, which occur in a few counties
of northeastern Towa, are water bearing, as was found in the
deep wells at Sumner and Green Island.

Springs—Although springs from the contact of the Maquo-
keta and the overlying Niagaran derive their water from the
latter, their value inures almost entirely to the Maguoketa
areas. They ave of greatest importance in Clayton, Dubuque
and Jackson counties, where they supply many perennial
streams with water, such, for instance, as Little Maquoketa
river, which never ceases to bear its contribution to the Missis-
sippi just north of Dubuque, whereas its neighbor, Catfish creek,
which parallels it immediately to the south but is not spring fed,
responds to every drought. Two miles north of Strawberry
Point a mill is operated by a turbine wheel run by a strong
stream piped from a spring of this horizon to the wheel pit.

SPRINGS FROM CAMBRIAN AND ORDOVICTAN ROCKS.

The area over which Cambrian and Ordovician strata form
the country rock is especially noted for its springs. No other
part of Towa is so well supplied, and perhaps in all the other
provinces of the state taken together there will not be found so
large a number of strong streams of pure water flowing from the
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bedrock as are found here. The conditions which are so favor-
able to spring formation in this area are these: (1) Several
heavy, porous beds of sandstone and creviced limestone with
large capacity for both storage and transmission of water; (2)
beds of impervious clay and shale which check the downward
movement of the ground water, causing it to collect in large
quantities; (3) many deeply carved valleys and innumerable
ravines, the hottoms of which are well below ground-water
level; (4) a slight dip, which facilitates the movement of the
water along the surface of the impervious layers to the outerops
on the sides of the valleys; since this dip is to the southwest,
springs are commonly found on the north and east sides of the
valleve; (5) an ample rainfall (over 30 inches annually); and
(6) the exposure of the porous beds over a relatively flat sur-
face unsealed by drift, thus permitting them to absorb the rain-
fall. '

The chief spring horizons in the Cambrian and Ordovician,
named from oldest to youngest, are the contacts of the. Dres-
bach and Saint Lawrence, the Saint Lawrence and Jordan, the
Jordan and Oneota, the Oneota and New Richmond, the Shako-
pee and Saint Peter, the Decorah and Galena, and the Niagaran
and Maquoketa. All except the first and third are contacts be-
tween heavy porous sands or creviced limestone and underlying
impervions shales. The two exceptions, the Dresbach-Saint
Lawrence and the Jordan-Oneota contacts, occur at the base
of heavy limestones that overlie sandstone aquifers, the waters
of which are under artesian pressure, the lower beds not out-
cropping. The open joints of the limestone connect with the
porous sandstone over large areas and admit the waters from
below, and they flow out through crevices in copious and at times
even powerful streams. Owing to the fact that many of the
springs emerge through talus and washed soil at the foot of
the bluffs and on the valley sides, it may be impossible to de-
termine the formation from which they come. Again, many
springs, some very strong, come from local beds lying above
shaly lavers in the heavy aquifers. Many are, however, readily
identified.



118 UNDERGROUND WATER RESOURCES OF IOWA

The economic value of these springs to the residents of the
fertile valleys of northeastern Iowa can hardly be estimated.
The water power of the many small springs which in many
places issuwe a hundred feet above the base of the bluffs and
fall in cascades has been but slightly utilized. Here and there,
however, a mill is operated, and at some of the many farm-
houses whose location has been determined by the presence of
a spring the stream is so piped as to generate power for sepa-
rating the cream, churning the butter, and driving small labor-
saving machinery about the farm. In a few places, too, a por-
tion of the power of the flowing water is utilized in a ram to
drive another portion into a system of waterworks for home
and farm. The possibilities in these lines have as yet been but
slightly developed, but even in its simplest use, where the pure,
clear, cold stream flows through the tanks of the spring house,
giving the most wholesome kind of water for home use, passes
through the simple refrigerator, cooling the milk and preserv-
ing the butter, and then flows through the barnyards and pas-
ture, supplying the stock with water that is cool in summer
and warm in winter, its value in health and comfort is difficult
to estimate in dollars and cents.

Because of the large number and the great size of the
springs of the area of outerop of the Cambrian and Ordovician
rocks in the northeastern counties of the state, the streams of
this area are exceptional in the constancy of their flow and
the purity of their waters.

QUALITY OF THE CAMBRIAN AND ORDOVICIAN WATERS.

The four great sandstone layers of the Cambrian and Ordovi-
cian may be discussed together, since there is generally no essen-
tial difference in the quality of their waters. These layers are the
water bearers for all the deeper wells in the northeast part of
the state within the area of good water, so often mentioned, ex-
tending south and west to about the line of the Mississippian.
With the exception of the very deep park well at MeGregor all
deep-well waters within this area have low solids, rarely ex-
ceeding 500 parts and averaging about 400 parts per million.
In this part of the state there are no formations later than the
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Devonian, and in a considerable portion of it rocks of the Cam-
brian and the Ordovician underlie the drift. Except perhaps
in the drift there are no objectionable waters to be cased out or
to contaminate the waters in the sandstones below.

Some examples may be given to illustrate the fact that the
waters are about the same whether from the Saint Peter or
from lower strata.

On page 168 are given analyses of seven deep waters in Alla-
makee county, six of which are supposed to be derived from the
Dresbach or underlying Cambrian sandstones, and one at Post-
ville from the Saint Peter. The six have about the same total
solids and their average solids are about the same as those
of the water from the Postville well. In Clayton county the
1,006-foot well at McGregor is exceptionally deep and reaches
salt water. A much shallower well at the same place also shows
the influence of the salt. Six other wells in Clayton county
(p. 169) show about the same amount of solids, though their
depths are greatly different, and their footings are believed
to range from the Dresbach or underlying Cambrian sand-
stones to the Galena. In Cerro Gordo county six analyses of
well waters show about the same total solids, though two of
the wells are supposed to draw from the Saint Peter, three
from the Galena, and one from the Devonian (p. 172). The
wells are cased only to rock. No inference can safely be drawn
from the analyses of water from the 1,473-foot well as to the
character of the water below the Saint Peter at this point, as
it is doubtful whether the sample of water was collected while
the well was in active use. The analysis of water from the
well at Hampton shows that the softness of the waters from the
lower sandstones is preserved as far south and west as Frank-
lin county. This well is cased only 200 feet, foots in the Jordan,
and may draw water from all strata from the Jordan to the
Mississippian.

The water of the Saint Peter is soft as far west as Emmets-
burg, for the well at that place owned by the Chicago, Milwaukee
& St. Paul Railway foots in the Saint Peter and gives excellent
water. In the same county two shallower wells in the Dakota
sandstone give hard water. The low solids in the well at Em-
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metshurg may be aseribed to the successful casing out of a strong
flow of hard water from the Dakota sandstone which probably
finds aceess to the deep well at Mallard, also footing in the Saint
Peter. Successful casing to preserve from contamination the
waters of the Saint Peter or lower strata has not been accom-
plished so far as known in wells located where the surface rock
is later than the Mississippian. Owing to the similarity of the
waters of the lower sandstones one might be inclined to infer
that the waters of these strata mingle, and this may be true.
Numerous wells, however, reaching higher levels show. as at
Grinnell and Emmetsburg, that strata not far removed from
one another in geologic succession may contain very different
waters.
WATER IN THE SILURIAN SYSTEM.

NTAGARAN DOLOMITE.

Wells—The Niagaran dolomite, like the Galena dolomite, is
traversed by irregular channels of solution through which water
flows with considerable freedom, and includes porous beds
through which it seeps with some difficulty. The ground water
which the formation receives over its outerop area is held within
it by the impervious Maquoketa shale beneath and passing down
the dip acquires artesian pressure and feeds wells as far distant
as Burlington, Keokuk, Centerville and Des Moines.

The Silurian sandstones in southeastern Iowa largely inerease
its water resources, and these are drawn upon freely at Wash-
ington, at Centerville and probably at Ottumwa.

Throughout its area the Niagaran is the almost exclusive
source of supply for shallow rock wells, as it ranges from 200 to
400 feet in thickness and overlies the Maqguoketa, a bed of im-
pervious shale whose thickness is more than 100 feet. To the
south and west, where the Devounian is the country rock, the
Niagaran is the source of many wells, for the overlving Devonian
limestones feather out eastward.

The Niagaran transmits water very freely, not ouly through
many small cavities, but especially through a large number of
joints, cracks, bedding planes, and open crevices formed by
solution in the soluble rock, through which an active circulation
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obtains. In number and size, however, the open cavities are
small compared with those of the Galena.

The water absorbed over the large intake area of this forma-
tion is held by the impervious shale beneath from passing down-
ward, so that at least the base of the limestone is water-logged
and the contact with the shale forms a strong well and spring
horizon.

The margin along the bold eastern escarpment is so well
drained that in many places it is difficult to secure good wells.
Farther back the ground-water level rises until along the margin -
of the overlying Devonian the formation is almost entirely sat-
urated and wells obtain an abundance of water soon after pene-
trating it. Though rarely dry at the base, it is subject to the
disadvantage common to other limestones—the possibility that
the drill may go a long distance, even through the formation to
the shale, without striking one of the crevices or water passages.
Perhaps the most constant water-bearing bed of the formation is
an especially porous, granular stratum lying some distance above
the base.

The Niagaran is commonly saturated immediately below the
drift and it is from this part of the formation that many of the
large farm-stock wells of its conntrv-rock area draw their sup-
ply. The upper portion of the rock is very generally broken and
shattered by the glacial ice and the fragments are mingled with
the old residnal soil and with gravels deposited by waters flowing
out in front of the advancing ice. The whole makes a good wa-
terway and a remarkably strong source for wells. The water is
perhaps more trnly that of the drift than that of the rock. but
all drilled wells which draw from it shonld have casings driven
into the rock and should draw from the many crevices therein.

The water from the Niagaran is usunally copious enough for the
public supply of towns of 1,000 or 2,000 population or for minor
industrial purposes, though in some places it may be unsatis-
factory as a hoiler water on account of its hardness. Unless it is
desired to seek the deep artesian supplies it is not advisable to
attempt to drill below the base of the Niagaran, as the Maquo-
keta shale is dry. If the shale is reached without the drill hav-
ing found a water crevice and it is decided not to penetrate the



122 UNDERGROUND WATER RESOURCES OF IOWA

artesian aquifers an attempt may be made to open the drill hole .
to a water-bearing crevice by torpedoing the well with nitro-
glycerin. This, however, should be done only after it is fully
decided to abandon the hole if water is not found in this way,
as drilling can not be resumed after the shooting. The drill hole
should be filled up to the base of the Niagaran, and the shot fired
on top of this filling. If this course fails it will be necessary to
try a new hole.

Springs.—Springs are very numerous along the base of the
Niagaran escarpment and in the heads of the narrow ravines
which deeply notch it all the way from the headwaters of Tur-
key river in Winneshiek county along the bluffs overlooking
Volga river and those facing the Mississippi river as far south
as Clinton. Owing to the numerous thin shaly layers inter-
bedded with the limestone, springs are abundant well up within
the formation. Many are found in Delaware county along Ma-
quoketa river and all its fributaries, which have cut their chan-
nels well into the limestone. Among the most notable are the
group about the ‘‘Backbone,”’ in Richland towmnship, and the
many that supply Spring creek, in Delaware and Milo town-
ships. The purity and abundance of the waters poured into
Spring creek are attested by the location here of a large Gov-
ernment fish hatchery controlled by the United States Bureau
of Fisheries.

QUALITY OF SILURIAN WATERS.

A number of wells of very moderate depth foot in the Silurian
where it is overlain only by the drift or by the Devonian and
the drift. Examples are wells at Covington, Mount Vernon and
Lisbon, in Linn county; Morley and Onslow, in Jones county,
and Grand Mound, in Clinton county. All except the Covington
well have lightly mineralized waters, and that well contains only
about 700 parts per million. All other wells footing in the
Silurian are deep, such as Mrs. Huber’s at Tama and the city
wells at Farmington, Centerville, and Bedford. They penetrate
water-bearing strata above the Silurian, which are probably
not cased out, and their waters can give little indication as to
the real character of the Silurian water at those places.
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WATER IN THE SALINA (%) FORMATION.

The Silurian beds which are tentatively regarded as repre-
senting the Salina formation are, wherever found, distinctly de-
leterious to underground waters owing to their content of lime-
sulphate minerals. The presence of sulphate in the form of
anhydrite indicates that it has been hermetically sealed from all
underground waters since its deposition and can increase their
mineralization only when new channels are opened by the drill.
But the high content of lime sulphate in deep-well waters when
these strata are penetrated indicates that much of the gypsum
lies in the path of artesian waters. The analyses of the water
of the deep city well at Pella show that it contains 4,678 parts
per million. of SO, and 444 parts per million of calcium
and is entirely unfitted for municipal supply. At Nevada the
very heavily sulphated water suggests that the Silurian here,
as at Marshalltown, twenty-eight miles east, is gypsiferous, al-
though this can not be proved as no samples were preserved.
At Mount Pleasant any seleniferous waters from the well-
marked gypsum beds were successfully cased out from the later
wells drilled at the State Hospital for the Insane. At Grinnell
the first well drilled for the city showed an abnormally high lime-
sulphate content, but with better casing the quality of the waters
of the later wells was very much improved. At Glenwood the
water veins occur above the gypseous beds, which are apparently
dry, as the water contains little caleium sulphate. At Bedford
the waters from the supposed Salina horizon showed an enor-
mous increase in lime sulphate and were pronounced unfit for
city supply. The presence of these strata in southern Iowa
constitutes a distinct discouragement to artesian drilling in that
part of the state, though otherwise the Silurian might prove
valuable, for it is much more accessible than the Cambrian and
Ordovician beds.

WATER IN THE DEVONIAN SYSTEM.

ARTESTAN CONDITIONS.

Wells—The Devonian rocks can not be classed among the
iznportant water beds of Towa, although they contribute some-
what to the general deep-well supply in several places, as at Vin-
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ton, Cedar Rapids, Davenport, Webster City and Ottumwa. In
many places they yield sufficient water for hotel and small fac-
tory wells, but they can not be relied on to furnish public sup-
plies. In deep wells the Devonian waters should be cased out
because their head is lower than that of the Cambrian and
Ordovician artesian waters, which will otherwise leak out
through the channels opened by solution in the Devonian lime-
stones. :

In the southern portion of the Devonian area large fissures and
crevices exist in many of the heavier layers. Though the lime-
stone itself is compact and impervious, the drill usually reaches
some one at least of the many openings which bring the well into
communication with the entire svstem of circulation and supply
it with fresh water at a rapid rate not affected by any drought.

Throughout the larger northern portion of the Devonian area
the overlying drift is generally thin, and very many of the
best wells end in the lime rock. Plenty of water of the best
quality may be obtained by going a short distance into the
rock for it, and a driller should not stop bafore limestone is
reached unless the supply coming from the drift is satisfactory
in every respect. The rock water of the whole area is under
some (legree of artesian pressure and rises within easy pumping
distance. The expense of pumping and maintenance is slight,
and more persons are resorting to it for a pure and permanent
supply.

Springs.—The Devonian area is so heavily mantled with drift
that springs from the country rock are of little importance.
They are not uncommon in the rock-cut valleys in the limestone,
but are rarely utilized except for watering stock in the pastures
that occupy most of the valley land. For such purposes some of
them have been walled and piped out to a tank, but even this
care is seldom exercised. Probably the strongest springs of this
region are found in Howard and Winneshiek counties, where,
owing to the absence of the Niagaran, the Devonian limestones
overlap on the Maquoketa shale (p. 88). giving vent to
many good streams that feed the headwaters of Oneota and Tur-
key rivers.
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A spring from the Devonian which is worthy of speecial men-
tion is that from which the public water supply of Cedar
Falls was until recently derived. It is located just south of the
city in the valley of Dry Run, a small intermittent tributary of
Cedar river. It flows perennially from oue of the open chanuels
in the rock common to the Devonian in this region, and was suf-
ficient to meet all the demands of the city, with a waste of many
times the amount used. Marion is another city similarly sup-
plied by a spring from the Devenian. Water from springs from
the Devonian is sold to customers in Cedar Rapids.

QUALITY OF DEVONIAN WATERS.

- Perhaps the best evidence of the good quality of the Devonian
water is the fact that many wells located where the Devonian
immediately underlies the drift and deriving their main supplies
from lower strata do not require casings to shut out the hard
water of the Devonian. In fact, the Devonian water, as separate-
ly known, differs very little from the waters of the deep-lying
sandstones (p. 118). Several wells footing in the Devonian, as at
Jesup, Lake Mills, and Hanlanton, supply water of good qual-
ity. They are, however, shallow and probably reach only short
distances into the Devonian and may derive their waters largely
from the drift. Farther south wells in the Devonian yield hard
waters, as at Gowrie, Grundy Center and Burlington. At all
these places the Devonian is deeply overlain by later formations,
which may supply the major portion of the hard waters. This
source is direetly indicated for the city well at Gowrie by the
fact that it supplies essentially the same quality of water as the
well at Dayton, which is located only a few miles south and foots
in the Mississippian. It is not certain that the well at Grundy
Center reaches below the Mississippian. Regarding the water
from the Devonian, therefore, it may be said, as of the water
from the Silurian, that there is little or no evidence to show that
it i3 essentially more heavily mineralized than that of the great
sandstone layers of the Cambrian and Ordovician.
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WATER IN THE CARBONIFEROUS SYSTEM.

MISSISSIPPIAN SERIES.
GENERAL CONDITIONS, .

The limestones of the different formations of the Mississippian
series no doubt absorb large quantities of ground water along
their wide belts of outerop and carry these beneath the cover of
the Coal Measures as they sink toward the west.. Thus, confined
between thick beds of shale, the. water is under artesian pres-
sure sufficient in places to bring it to the surface. The
flow, however, is meager, and, as with all limestones, is not re-
liable. The drill may strike or it may fail to strike the water
channels. The white limestones of the Burlington, the lower
formation of the Osage stage, seem to yield the greatest quan-
tity of water. The only deep wells which report definite water
beds in the Mississippian are at Cherokee, Ottumwa, Mount
Pleasant, Mitchellville, Des Moines, Bedford, Council Bluffs and
Logan. The two cities last named are situated in an area where
the Mississippian yields an exceptionally abundant supply.

WATER IN THE KINDERHOOK STAGE.

Over the entire north end of the area in which the Missis-
sippian series forms the country rock the Kinderhook is a fine-
grained, heavy-bedded limestone, an excellent water carrier in
which all rock wells end and in which they rarely, if ever, fail
to secure a large quantity of excellent hard water under suffi-
cient artesian pressure to place it within easy pumping dis-
tance of the surface. In some counties, as Kossuth, Humboldt
and Wright the artesian head in the Kinderhook is so well de-
veloped beneath the impervious clay of the drift that many of
the wells flow. The shale beds of the Kinderhook, so
unpromising for wells along their outerop, are of distinct ad-
vantage, as they sink below the surface and form part of an
artesian system. They prevent the upward escape of waters
from the underlying strata and conduct down their dip the wa-
ters of the limestones of the Mississippian along their im-
permeable floor.
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WATER IN THE OSAGE STAGE.

Wells—The drill on penetrating the Osage stage (Keokuk and
Burlington limestones) rarely fails to find water in some crevice,
especially near the base, before reaching the dry shales of the
Kinderhook. Should the driller reach the latter he has the al-
ternative already presented in the discussion of the Niagaran-
Maquoketa contact (p. 121). He may continue to drill in search
of the deep artesian supplies, though this is impracticable for
the ordinary farm or village well, or he may make another bor-
ing some distance away in the hope of better success in strik-
ing some crevice in the limestone. Before beginning a new bor-
ing it is advisable to fill the hole to the base of the limestone
and shoot the well with nitroglycerin in an attempt to so shat-
ter the rock that connection may be made with water-bearing
crevices and to enlarge the area of intake. Xxcellent wells have
been secured from practically dry holes in the Osage by such
means.

Springs—Springs are not uncommon throughout the Missis-
sippian area where the valleys have been cut into the country
rock. They are commonly small and are unimportant except
for watering stock in the valley pastures. The most important
in southeastern Iowa come from the base of the Burlington lime-
stone, of the Osage stage, where the impervious shales of the
underlying Kinderhook check the downward movement of the
circulating water and cause it to collect in large quantities in the
open spaces in the limestone, whence it flows through some pas-
sage to an outcrop. Such springs are common along the base
of the Mississippi bluffs in Des Moines and Lee counties and om
the lower course of Skunk river, and are of still greater impor-
tance farther south in the vicinity of Louisiana, Missouri. These
springs are frequently used for household and stock purposes..

WATER IN THE SAINT LOUIS LIMESTONE.

The median bed of the Saint Louis limestone is an im-
portant water carrier in Keokuk, Washington, Henry and Lee
counties, where it forms the country rock, and in Monroe, Ma--
haska, Wapello, Jefferson and Van Buren counties, where it is-
reached by the drill after passing through Pennsylvanian rocks
at depths ranging from 200 to 500 feet. It is penetrated im
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many places in the Pennsylvanian areas on account of the dry-
ness of the Coal Measures or the mineralized condition of their
waters. It is in this area that it is known as the ‘“white-water
sand rock’’ and is sought for by all drillers of deep farm wells
when a satisfactory sandstone water is not found above. Farther
north it is drawn on by a few wells in Hamilton, Webster and
Story counties. TLocally it produces flowing wells. The upper
and lower portions of the Saint Louis are, ¢n the whole, very
indifferent water carriers.

WATER IN THE PENNSYLVANIAN SERIES.
DES MOINES STAGE.

Wells—Owing to the presence of impermeable chales the
Pennsylvanian is almost dry. Water is commonly found in the
seams of coal but, owing to the abundance of iron and sulphur
compounds it carries in solution, is never potable. In fact, it is
characteristic of the waters of this division that they are strong-
ly impregnated with mineral matter and in most places are un-
fit for use.

The chief water bed of the Des Moines stage is the basal sand-
stone, which has its greatest development in southwestern Towa.
At Council Bluffs it is apparently this terrane which supplies the
deep wells of the city, but the vield of these wells is by no means
large compared with that of wells tapping Cambrian and Ordo-
vician water-bearing bheds in eastern Towa. At Glenwood water
from this sandstone rises to a lhieight of 1,006 feet above sea
level. and overflows at the surface in the lowest parts of the
town, but the yield is not large. ¥At Bedford the water from
the same terrane rises to 1,008 feet above sea level. On the
whole, it can not be recommended that deep wells be sunk to
this sandstone with the expectation of obtaining any consider-
able amount of water. such as would be required by even a
small town.

Small amounts of water may also be found in the sandstone
lenses of the Des Moines and Missouri stages, but as these lenses
are not continuous over any considerable area, and as their ver-
tical position can not bhe predicted, no local forecasts can be
based on them. They give rise to numerons small flowing wells.
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One of the best known lenses of this type is the Red Rock sand-
stone, which outcrops at the village of Red Rock, in Marion
county, in a brilliant red cliff 100 feet in height overlooking Des
Moines river. This sandstone occupies less than thirty square
miles, but within this area it lies near the surface and furnishes
an abundance of good water to all wells penetrating it. It is,
however, missed in many wells where it might be reasonably
expected, owing to the effects of erosion, which is in part,
at least, contemporaneous.

The rapid alternation of impervious shales and porous sand-
stones underlying heavy drift clays produces conditions favor-
able to the formation of small artesian basins which frequently
give rise to flowing wells. Especially in the larger and deeper
valleys like the Des Moines and its major tributaries where the
“‘hbottoms’’ are depressed well below the upland surface, flowing
wells with a head of but a few feet above the surface and a de-
livery of but a few gallons a minnte are not uncommon. Stronger
flows may be had from the Saint Louis and the Kinderhook. The
most notable wells of this type are the Colfax Mineral Springs
of Jasper county. These are supplied by a Saint Louis aquifer.

Springs—Throughont the area where the Pennsylvanian
forms the conntry rock, springs are of little importance. Seeps
from shales are common but are small and highly mineralized.
A few crevices in outerops of sandstone lenses produce small
springs of exeellent water for domestic purposes, but these are
rarely strong.

WATER IN THE MISSOURI STAGE.

Wells.—In some places in the area where the Missouri stage
forms the country rock a scant supply of hard water is found
in the limestone helow 100 to 300 feet of drift. The risk of a dry
Lole is probably greater than in any other area. since below
the Missouri stage lies the very uncertain Des Moines stage,
and rock wells in this area are therefore comparatively few.
There are some excellent exceptions to these general conditions,
but the wells of the region are chiefly in overlying drift. The
beds of shale are invariably dry. The heavy limestones carry a
scant supply of water between the shale beds and this is always
hard. The overlying drift is very deep over much of the area,

9
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especially on the great Mississippi-Missouri divide, and com-
paratively few wells reach bedrock.

Cities and towns in the western portion of the province are
largely located in the broad river valleys, where an abundance
of water may be found at slight depths in the gravel. In the
eastern part the interglacial gravels furnish water most copious-
ly. There is little need to resort to the deeply buried rock save
on the Great Divide itself, where in many places any ground
water is hard to secure.

Springs.—Small springs are common along the deeper val-
leys at the contact of limestone and shale, but the only rock
horizons of importance noted in the Missouri stage area lie
along the ragged eastern edge, where the limestone rises almost
in an escarpment and is thickly overlain with drift. Here in east-
ern Madison and Clarke counties good stock springs are numer-
ous.

QUALITY OF CARBONIFEROUS WATERS.

No general statement can be made as to the quality of the
waters from the Carboniferous or any of its divisions, save that
the quality seems to vary greatly from one locality to another.
In a general way it may be stated that the waters of this sys-
tem are usually more highly mineralized than those of lower
ones, and that the mineral matter is greatest in the upper beds
of the Carboniferous. A reason for the want of uniformity may
possibly be found in the fact that no extensive sand layers or
other strata with high power of transmission of water are found
in the Carboniferous. It follows that the waters of this sys-
tem are more local in origin; they are not transmitted from far-
away sand plains, as in the lower sandstones, but are derived
from the Towa rainfall, perhaps from the immediate vicinity, and
must pass through the drift, in some localities through hundreds
of feet of it. There is thus every opportunity for the water to
take up any soluble matter that may exist in the drift or im-
mediately under it.

In the area where the Mississippian is the surface rock all
wells footing in this series supply soft to only moderately hard
water, as far south as Grundy county. Even those in Hardin
county, to the west of Grundy, give lightly mineralized waters,
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though in Hardin county the Mississippian is overlain by the
Pennsylvanian. Farther south, however, well waters from the
Carboniferous are hard to very hard. Several good examples
are found in Tama county. Their waters are not very different
from those of the flowing drift wells of the Belle Plaine district,
but the hardness of their waters can hardly be credited to the
drift, since the mineral content seems to increase with the depth.
Near Grinnell, in Poweshiek county, all the wells in the Carbonif-
erous which have been investigated supply hard water contain-
ing about 2,100 parts per million of total solids. There are other
centers of hard water from this system in Jasper and Polk coun-
ties. Wells footing in the Carboniferous in other parts of the state
apparently always yield hard waters. It is apparent that with
the exception of those in Tama county, wells footing in or pass-
ing through the Pennsylvanian yield more highly mineralized
waters than those which enter only the Mississippian, and it
seems fair to conclude that the waters of the Upper Carbonifer-

ous are, on the whole, harder than those of the Lower Carbonif-
erous.

WATER IN THE CRETACEOUS SYSTEM.

DAKOTA SANDSTONE.

Wells.—The Dakota is everywhere a good water carrier, yield-
ing copious and permanent supplies, but the water is commonly
mineralized—as a rule highly mineralized. In the northwestern
portion of the province the overlying drift is very deep and the
sandstone water head, though under slight artesian pressure, is
so far below the surface as to make pumping difficult. General
difficulty throughout the northern end of the Dakota area is
found in the very fine incoherent sand which enters the well,
cements itself in the screens and wears out the pumps. In the
central and southern portions, however, no such difficulties have
been reported, and on the whole, the Cretaceous sandstone may
be regarded as the best shallow-rock water carrier in the west-
ern part of the state.

Slight artesian pressure is common throughout the Cretaceous

area and in the deeper valleys weak flowing wells are not un-
common.
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Springs—Sand-rock water strata like the Dakota are pro-
lific sources of seeps and springs wherever outcrops are found,
but as there are few outerops in the Cretaceous area, because of
the deep drift, springs are correspondingly scarce. The most im-
portant spring horizon is at the base of the sandstone formation
where it overlies the shales of the Missouri stage. The contact is
exposed in places in the deep valleys which trench the arca in
the southwest. It gives rise to strong springs in the vicinity of
Lewis, in Cass county, and of Red Oak, in Montgomery county.

QUALITY OF CRETACEOUS WATERS.

Of the Cretaceous little need be said. Apparently all wells
penetrating it deeply yield hard waters. A few wells in the
northwestern part of the state which penetrate the Cretaceous
for a few feet yield fairly good water, but this water is prob-
ably from the drift. As a matter of fact, it has been stated and
reiterated by those who have been over the ground that experi-
ence does not encourage drilling deeply into the rock in the
northwestern part of the state.

WATERS OF THE QUATERNARY SYSTEM.

The water-bearing beds in the Quaternary are numerous and
their positions are extremely variable. Yet many localities have
what the drillers recognize as ‘‘first water bed,”’ ‘‘second water
bed,”” and in some places even ‘‘third water bed,”” above the
country rock. These water beds may in some places be identi-
fied by certain well-known sand or gravel beds in the drift, but
they vary greatly with locality and in many places are either
dry or wanting. ;

The Quaternary water carriers most frequently recognized
and reported are as follows, in order of age from the top down-
ward: Allavium, Wisconsin drift, loess (including subloessial
sands), lowan drift, Illinoian drift, Buchanan gravel, -Kansan
drift, Aftonian gravel, Nebraskan drift, and preglacial residual
soil.

WATER IN PRE-KANSAN DEPOSITS.
RESIDUAL SOILS.

The residunal soil, which occurs in the driftless area and which
immediately overlies bedrock in the drift area, is not a good
water bearer, but is drawn on in some places on the broad, flat
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uplands as a source of shallow wells. The supply of water is
scant and uncertain and is probably derived in part from the
sandy base of the overlying loess.

NEBRASKAN DRIFT.

The Nebraskan (pre-Kansan) till is of no particular value as
a water bed and the old soil and forest beds that accompany it
render the waters offensive in some places. The sand and gravel
layers, however, buried many feet beneath the surface of the
ground, form very valuable aquifers, the water being under ar-
tesian pressure beneath the relatively impervious till.

- AFTONIAN GRAVIEL.

The water of the Aftonmian gravel is generally pure, whole-
some and abundant. In some local areas the presence of decay-
ing organic matter in the old soil and peat beds associated with
the gravel imparts a disagreeable odor and taste to the water;
in other areas, as in the Belle Plaine artesian basin, the water
carries sulphates and other salts in solution in such quantities as
to be unsuitable for either boiler or domestic use; such occur-
rences, however, are exceptional. Wherever the gravel outerops
in the valleys, as in the vicinity of Afton, it gives rise to springs
of no mean proportions. On the whole the Aftonian gravel is
probably the strongest Pleistocene water bearer in the state.

WATER IN THE KANSAN DRIFT.

The great thickness of the Kansan drift over large areas nec-
essitates its use for domestic and farm wells and it probably
supplies more wells than any other water bed in the state,
whether of the drift or of the country rock. The supply of many
of the shallower wells comes from the sands at the base of the
overlying loess and from the gravelly phase in the upper por-
tion of the Kansan, but this supply is extremely uncertain in
quantity and generally fails in dry weather. The deeper wells
are supplied by the many small sandy lenses and layers and the
““‘veins’’ in small, more or less open tubular channels scattered
through the heavy till. The deep-well water is of good quality,
provided care is taken to prevent surface contamination, but it
is variable in quantity. Though deep wells in the Kansan are
not likely to be affected by drought, neighboring wells may differ



134 UNDERGROUND WATER RESOURCES OF IOWA

very greatly in yield. On the flat divides of the Kansan, where
ground water stands high, dug wells are not uncommon, and
these are constructed of so large a diameter that a large surface
for seepage and an ample reservoir for storage are secured.

Over the much more extensive area of the dissected Kansan
dug wells have been superseded by drilled or bored wells, the
greater depth more than compensating for the smaller diameter.
The windmill or the gasoline engine forms part of the necessary
equipment of every farm.

WATER IN THE ILLINOIAN DRIFT.

The Illinoian drift is penetrated by many wells but is not
clearly distinguished from the Kansan, which it resembles in
its water-bearing qualities.

WATER IN THE BUCHANAN GRAVEL.

‘Within the area of the Iowan drift the Buchanan gravel lies
between the Iowan and Kansan drift sheets and forms a most
valuable water carrier, supplying innumerable shallow wells
and giving rise to numerous springs wherever it outerops. Its
greatest importance, however, is in the lowlands and in the old
filled valleys. On the uplands it is thin and scattered.

The Buchanan gravel has been of great importance in the de-
velopment of manufacturing in the northeast quarter of the
state. Owing, however, to its slight depth and its open texture
its waters are easily polluted by organic matter from the sur-
face. They frequently have a slight taste and leave a brown
stain due to compounds of iron in solution.

WATER IN THE IOWAN DRIFT.

Water occurs in the Towan drift in small sandy layers and
lenses and in the small ‘‘veins’’ of the till. From these it seeps
into the wells slowly but constantly, supplying them with a mod-
erate amount of hard water, which will be pure provided care
is exercised to prevent the entrance of surface water and its ac-
companying contamination. Owing to the thinness of the drift
and the strength and purity of the country-rock aquifers below,
rock wells are very commonly replacing wells in the Towan drift.
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WATER IN THE LOESS.

The loess was formerly an important source of supply for
farm wells throughout the state, but drainage and cultivation
have so lowered the ground-water level as to greatly lessen its
importance. The subloessial sands lying beneath the loess and
over the till near the Jowan margin yield a somewhat more
plentiful but very uncertain supply. Many shallow wells dug
in sloughs and other moist places still utilize this source for
stock water. Both the loess and the subloessial sands are ex-
tremely liable to contamination from surface waters, cesspools,
etc., and should be avoided for domestic purposes, especially in
towns or villages and in the neighborhood of barnyards on the
farms.

WATER IN THE WISCONSIN DRIFT.

In the Wisconsin drift shallow wells are general, the supply
being obtained, as in the other drifts, from sandy layers and
‘‘veins’’ in the till, but they are especially liable to pollution
owing to the prevalence of surface waters. The better drift
wells go below the base of the Wisconsin and draw their supply
from underlying beds of the loess or lower horizons.

WATER IN ALLUVIUM.

The sands and gravels of the alluvium yield an inexhaustible
supply of good water at depths ranging from 15 to 100 feet.
They may be reached throughout the ‘‘first bottoms’’ and in
places on the ‘‘second bottoms’’ of the larger rivers and tribu-
taries. Water is generally obtained at slight cost by means of
open or driven wells and in larger quantities for city supplies
through infiltration beds and collecting galleries. These deposits
furnish the chief underground water supply for several large
cities within the state.

In towns and cities these alluvial waters are generally con-
taminated from the surface or through cesspools. The public
supply should always be taken at some point above the city and
private wells should be closed. All such supplies, when used for

' drinking or domestic purposes, should be carefully tested and

guarded. :
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UNDERGROUND-WATER PROVINCES OF THE QUATERNARY.

The regional differences between the waters of the different
drifts are not so characteristic as to form well-defined provinces.
The limits of the several water-bearing strata are, however, de-
termined by the limits of the drift sheets to which they belong or
are related as interbedded deposits. These limits do not coincide
with those of the distriets into which the state has been divided
and for specific consideration of drift waters it seems advisable
to redivide it on the basis of drift sheets coextensive with the
topographic areas already deseribed (p. 49), and known as the
‘Wisconsin, lowan, Illinoian and Kansan drift provinces and as
the driftless province.

DRIFTLESS PROVINCE.

In the driftless province water is obtained from the allnvium,
the loess, and the residual soil. The loess and the residual soil
supply shallow wells on the broad, flat uplands, but the yield of
both is so scanty that most good wells are sunk to one of the
numerous and excellent country rock horizons, which may there
be reached at comparatively little expense. On the flat valley
floors shallow wells draw an abundance of good water from the
gravel and sands underlying the alluvimm. Springs from the
outeropping rocks of the valley sides are so nwmnerous as to
greatly decrecase the number of wells necessary.

KANSAN PROVINCE.

In the Kansan drift province water may be obtained from the
alluvium, the loess, the KKansan drift, the Aftonian gravel, and
the Nebraskan drift. The great thickness of the Kansan drift
and the presence of Pennsylvanian rocks immediately under-
neath a large part of this area cause the Kansan drift to be
one of the most fully utilized water beds of the state, even though
its yield is scanty. Owing to the depth of the drift and the scanty
yield, deep-bored wells are now becoming common, especially in
the vieinity of the Mississippi-Missouri divide. Many wells in
the southeastern district penetrate the Aftonian gravel and are
abundantly supplied. The base of the drift, where this is suf-
ficiently shallow to be reached by ordinary farm wells, is a fa-
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vorite source of supply; it probably includes the Nebraskan as
well as the Aftonian horizon.

Under the broad floors of the valleys the flow is ample for the
cities of several thousand people located thereon. The waters.
are obtained by wells fitted with drive points and Cook strainers.
On the broader uplands many of the shallowest wells draw a
small supply from the sandy layer in the base of the loess imme-
diately overlying the impervious till.

ILLINOIAN PROVINCE.

In the Illinoian drift provinee water is obtainable from the
loess, the Illinoian drift, the Kansan drift, and the Aftonian
gravel. The Illinoian and Kansan drifts are not clearly dif-
ferentiated in the wells; both are used indifferently by wells,
and even the loess affords a meager supply for many wells. The
better drift wells draw from basal gravels, probably those of
Aftonian age.

IOWAN PROVINCE.

In the Towan drift province water is obtained from the Towan
drift, the Buchanan gravel, the Kansan drift, and the Aftonian
gravel. The Iowan and Kansan drifts are both generally used,
but the strongest wells draw from the Buchanan or Aftonian
gravels. Such wells are generally best developed on lowlands
and in old stream channels. The loess supplies some shallow wells
on thie margin of the area where it overlies the edge of the Towan
drift.

WISCONSIN PROVINCE.

In the Wisconsin drift province water is obtainable from
the Wisconsin drift, the loess, the Buchanan gravel, the Kansan
drift, and the Aftonian gravel. The porous loess is very
generally recognized where present and is the best shal-
low-well aquifer in the area. Owing to the immatnrity of the
topography the ground-water level is high, wells are generally
shallow, and all not well gnarded are liable to surface pollution.
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CHAPTER 1IV.

ARTESIAN PHENOMENA.

BY W. H. NORTON.

DEFINITION OF THE WORD “ARTE‘SIAN”

The word ‘‘artesian’’ has been used with several meanings,
but, in accordance with the usage now prevailing, artesian waters
include not only the water of flowing wells, but also well waters
that rise to a considerable height within the tube under hydro-
static or artesian pressure. Thus, in the deeper river valleys of
Iowa the head of the water from the Paleozoic aquifers is higher
than the valley floors, and the water overflows in natural foun-
tains, many of which are of considerable height. On the uplands,
however, water from the same water beds, rising through the
same strata, under the same driving force and with the same
head, fails to reach the surface of the ground. The important
and definite fact is that under hydrostatic pressure, the water
rises to or nearly to the surface. In classifying ground waters
it is comparatively unimportant whether the surface of the
ground at any given point is slightly above or below the level
to which the water from the deep source rises.

HEAD OF ARTESIAN WATERS.

DEFINITION.

The water beds of the Iowa artesian slope dip southward
from their outerop on the high lands of the states adjacent on
the north. The water confined within these beds is therefore
under hydrostatic pressure, much as is the water in a city’s
mains from the weight of the column of water in the standpipe.
Under this artesian pressure it rises in deep wells far above the
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level of the water bed. It may fall short of reaching the surface
of the ground, or it may overflow and in an open tube connected
with the well may even rise and maintain itself at a consid-
erable height above the well mouth. The height at which ar-
tesian water stands under hydrostatic pressure is called its
static level or head. It may be expressed in its relation to sea
level, to the level of the water bed, or to the level of the well
mouth. As artesian wells may head either above or below the
well mouth, they are divided into two classes, flowing and non-
flowing.
MEASUREMENT.

The head of flowing artesian wells may be measured in two
ways. The pressure may be measured at the well mouth, in
pounds per square inch, by means of a gage, and the head may
then be computed in feet. As a column of water 1 inch square
and 2.3 feet in height weights 1 pound, the number of pounds
pressure at the well multiplied by 2.3 equals the head in feet.
Somewhat less conveniently the head of flowing wells may be
measured by tubing, coupled water tight, and carried up until
the water stands at the top but does not overflow. The size
of the tube is immaterial. The test is most easily made with
a hose of any convenient diameter, carried up a ladder or
trestle, since owing to its flexibility, it may be lifted or low-
ered until the exact head is obtained and the cuttings and
coupling needed with metal pipe are obviated.

To obtain the true hydrostatic balance a day or even sev-
eral days may be necessary, and for this as well as for other
reasons the test is most conveniently made with the pressure

gage.
FACTORS AFFECTING HEAD.

ELEVATION OF AREA OF SUPPLY.

The head or static level depends on several conditions, chief
among them being the elevation of the intake area, or area of
supply, where the water bed or beds outcrop and gather their
water from the rainfall. The area of supply of the principal
water beds of the Iowa artesian system—the Cambrian and
Ordovician sandstones—lies for the most part in southern Min-
nesota and Wisconsin, where it comprises about 14,500 square

*
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miles. The area presents a considerable diversity in elevation
but in few places is more than 1,200 feet above sea level. With
a gathering ground whose altitude is relatively so low, the
water beds of Towa furnish only a moderate pressure to their
artesian waters. The enormous pressure of the South Dakota
artesian wells, for example, due to the high gathering ground
on the flanks of the Black Hills—pressures which equal heads
of 400 feet in places, and which can be utilized for power in
manufacturing plants or to supply fire protection for a city—
are not to be expected in Iowa.

ELEVATION OF SURFACE AT THE WELL.

The highest heads, relative to the top of the well, are found.
where the elevation of the ground surface above sea level is
least. From Des Moines river eastward the artesian wells situ-
ated in the deeper valleys aré flowing wells, and the wells of
the deepest valley, that of the Mississippi, register the great-
est pressure. The following table exhibits the maximum initial
head reported from the wells in the Mississippi valley from
north to south.
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On the other hand, on the uplands of the state the water
generally fails to rise to the top of the wells, although it gen-
erally rises higher (above sea level) than it does in the valleys.

i AGE OF WELL.

Owing to various causes, some remediable and some irreme-
diable, the artesian head in any given well commonly decreases
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with lapse of time. Any plans to utilize the pressure for fire
protection, as at Sabula, or for running dynamos for city light-
ing, as at Keokuk, should take account of this faect.

After the first wells are drilled in any locality, it is often
difficult to determine the true head. Leaks are liable to de-
velop by which more or less of the water escapes laterally from
the drill hole, and the head of the water is correspondingly
reduced. As other wells are drilled from time to time and are
left to discharge freely, the head is further lowered, and ut is
difficult to determine the pressure in any given well, unless all
the wells can be closed for the oceasion. In a number of places
the flow of a new well on lower ground has drawn down the
head of other wells in the neighborhood.

HYDRAULIC GRADIENT.

Most water-bearing formations are cut at greater or less
distances from their outerops by river valleys, into which more
or less of their water escapes. Such leakage necessarily re-
duces the pressure, or head, of the water, the effect increasing
as the point of escape is neared. It has been found that, owing
to this and to certain other factors (such as the friction of
the rock particles through which the water percolates), the
height to which artesian water will rise above sea level declines
more or less uniformly from the intake area to the point of
escape. This decline is known as the hydraulic gradient.

HEAD AS AFFECTED BY THE GROUND-WATER LEVEL.

Under certain conditions the height of the ground-water level
of the area and the head of minor and higher artesian aquifers
tapped by the drill may affect the head of a well' The effect
of these agencies is illustrated in the map (Pl I; in pocket). In
Jowa the hydraulic gradient declines from Boone eastward to
Clinton on Mississippi river, 310 feet in 190 miles, the surface
of the ground falling 550 feet in the same distance. (See Pl. XI.)

RELATIVE HEADS OF IOWA AQUIFERS.

When a deep well is being sunk, the question is often asked
whether water under greater pressure, giving a higher head,

1Chamberlin, T. C., Requisite and qualifying conditions of artesian wells; Fifth

Ann. Rept. U. S. Geol. Survey, 1885, pp. 125-173.
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will be found at greater depths or whether the deeper water will
be under less pressure, causing the well perhaps to lose its
flow. It is greatly to be regretted that the data at hand so sel-
dom permit a conclusive answer to this question. When a deep
well penetrates several different water beds, the head of each
bed should be tested as the drilling is in progress, but as this
testing of flowing wells involves considerable trouble and some
expense it is seldom if ever done. In nonflowing artesian wells
the fluctuation of water in the drill hole due to the different
heads of different aquifers can be readily observed, but in few
wells have such observations been made and placed on record.
When the head of a well is given, it is seldom known by what
particular water vein the pressure is determined or to what
extent the head has been lowered by the discharge of other
wells.

The chief aquifers of the Towa water system, the Saint Peter
sandstone, Prairie du Chien stage, Jordan sandstone, and Dres-
bach sandstone and underlying Cambrian formations, afford
considerable evidence that the lowest water beds give the high-
est head. Thus at Dubuque the original heads of the wells
ending above the Dresbach sandstone seem to have been from
700 to 740 feet above sea level, whereas the head of wells which
tapped the Dresbach or underlying Cambrian sandstone reached
perhaps 753 feet. At Waterloo the head of the water from
the Saint Peter is given at 865 feet above sea level, and that
from the water beds between the Saint Peter and the Dresbach
at 867 feet, but at Davenport the beds below the Saint Peter
seem to have a somewhat greater head. In the deep well at
Holstein the waters from the higher formations, including the
Saint Peter and probably the Jordan, stood 325 feet below the
curb; when the Dresbach was struck the water rose to 270 feet be-
low the curb. On the other hand, in some nonflowing artesian
wells, as at Pella, Centerville, Burlington, and Anamosa, the wa-
ter seems to have maintained about the same level while the drill
was passing through the various Cambrian and Ordovician water
beds. At Ottumwa the aquifers of the flowing wells seem to
have a common head at about 700 feet above sea level. At
Boone, on the other hand, the head of the water of the Saint
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Peter is 1,080 feet above sea level, but that of the main vein in
the deeper sandstone is 940 feet above sea level, 140 feet lower.

The head of the water beds above the Saint Peter may be
either higher or lower than that of the Cambrian and Ordo-
vician beds. In upland wells of northeastern Towa the head
of the water from the Niagaran, the middle part of the Maquo-
keta, the (falena, and the Platteville is higher than that of the
water from lower aquifers. Thus at Sumner the waters from
the Middle Maquoketa and the Galena stood 18 feet below the
curb, and those from the Cambrian and Ordovician beds 144
feet below. This difference is especially marked in the extreme
northeastern counties where the main river valleys dissect the
Saint Peter and even the Jordan and permit water to escape.
Thus at Calmar the water from the Galena and Maquoketa rises
76 feet higher and at Postville 170 feet higher than the water
from the Saint Peter. In wells outside of this area and in
valley wells within it the water from the Cambrian and Ordo-
vician aquifers usually rises higher than that from superior
terranes. Thus at Vinton the water from the Saint Peter rises
38 feet higher than that from the Devonian, and at Davenport
it rises 10 feet higher than that from the Galena. At Holstein
the water from the Saint Peter rose 40 feet and at Osage about 10
feet above that from higher water beds.

The head of the Dakota sandstone in northwest Iowa seems to
be higher than that of lower beds, exceeding that of the Saint
Peter at Cherokee by 120 feet. In fact, the reported high head
of a number of deep wells in this part of the state may be
largely due to the Dakota waters.

The map showing artesian head (Pl. I) presents graphically
the scanty data at hand, but forecasts must not be based on it
with undue assurance. The head of any well depends on a num-
ber of factors and is perhaps the least predictable matter
connected with the subjeet. In a number of the wells the head
probably depends on that of waters of drift or country rock.
The map presents, however, the salient facts of the decreasing
head with increasing distance from the area of supply and the
heightening influence of the ground waters of the uplands in cen-
iral and northwestern Iowa.
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YIELD OF ARTESIAN WELLS
MEASUREMENT.

No deep-well data are more unreliable than those relating
to yield. The reported discharge of flowing wells is seldom more

than a loose estimate and often, no doubt, a gross exaggeration.

For pumped artesian wells, the amount delivered by the pump
can and should be calenlated with considerable aceuraey and
may be assmued to he the capacity of the well when the latter
does not exceed the capacity of the pumps. The yield of flow-
ing wells may be estimated by the flow over a weir, by a current
meter set in the pipes or by the time necessary to fill a re-
ceptacie of known capacity. Where the vield is moderate meus-
ures as small as hogsheads may be used for this purpose.
Slichter' deseribes a very simple method of determining the
vield of a flowing well devised by J. E. Todd. Pumping tests
shonld last at least 24 hours and should be conducted with
pumps of adequate capacity.

PERMANENCE OF YIKLD.
FACTORS AFFECTING YIELD.

The length of time which an artesian well may reasonably
be expected to remain in service, the canses which impair or ruin
it, and their remedies are questions of vital importance on which
some light should be shed by the collated history of the hun-
dreds of deep wells of the Towa field, some of which have been
in operation for a quarter of a century.

It may naturally be expected that, like any other mechanism,
this apparatus for bringing water from its subterranean sources
to the surface is liable to deteriorate with age, to need from
time to time repairs of various kinds, and, indeed, to break
down from one canze or another and to become altogether use-
less. To know the points of weakness in this mechanism, which
is not quite so simple as it at first view may seem, and to know
the dangers which threaten it is absolutely necessary if the
well is to be so construeted and so cared for as to insure its
permanence.

ISlichter, C. 8., The motions of underground waters: Water Supply Paper, U. S.
Geol. Survey, No. 67, 1902, pp. 90-93,



ARTESIAN PHENOMENA 145

A deep well drilled in Iowa for a quarter or a half mile,
straight toward the center of the earth, passes through rocks
of various kinds. Some are strong and unyielding; some are
mobile or plastie, creeping under the enormous weight of over-
lying rocks they carry and thus constricting or closing the drill
hole. Some are brittle and fragile, and from such rocks move-
ments of water in the well dislodge fragments which, on falling,
leave cavities along-the bore hole and, accumulating at the bot-
tom, choke the discharge of the water beds situated there. Some
are close-textured, some are spongy and porous, and some are
creviced. Some are dry and some are water-logged, and of the
latter class some contain good water and some water so highly
mineralized as to be unpotable or injurious to the health. Of the
good waters, some may be under so little pressure that another
flow under higher pressure will drive them bhack and escape
through their channels if left free to do so. The main water
hed may consist of loose and crumbling sandstone, which with
time breaks down and forms a chamber, roofed, perhaps, with
shale, which, when left unsupported, caves in and closes the
waterway. ,

For some distance from the surface the well commonly pene-
trates incoherent material incapable of standing in a solid wall.
A casing is therefore inserted and bedded in solid rock. But
unless the juncture of casing and rock is water tight the ascend-
ing water of a flowing well will in time find a way through it out
of the drill hole.

Finally, even if the well is perfectly constructed and the sup-
ply in the water bed is large, the yield may be diminished
through overdraft by other wells put down in the vicinity.

Permanence of an artesian vield, therefore, depends (1) on
the construction and care of the well itself; (2) on the char-
acter of the water bed from which it draws; and (3) on the
combined draft on the water bed by all the wells in the vicinity.

FACTORS RELATING TO THE WEILLS.
CASING AND PACKING.

Heavy iron casing is inserted where the well passes through

weak rocks liable to cave or ereep and where it ‘passes through
10
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- aquifers containing salt or bitter water or good water under so
low a head as to permit lateral escape of the main flow. The up-
per casing is carefully packed at the base to prevent any escape
of water. Where the water bed is of weak rock it is protected
with strong casing perforated to admit the entrance of water.

All these precautions are taken if the job is thoroughly done.
But as casing is costly, as the nature of the rocks to be pene-
trated is in many places not well known, as the heads of the
various water veins are not tested—for all these and for less
excusable reasons it is not seldom that some of these points
of danger are left unguarded. The upper casing is left unpacked
but is simply grounded on bedrock, which in Iowa is usually
limestone. This soluble rock gradually decays about the base
of the casing, a thin thread of water escapes into the surround-
ing overlying sands or shattered rock, and the opening is en-
larged by solution until the leakage is sufficient to stop the flow
of the well.

Uncased shales, although to all appearances at first sufficiently
firm, may yield to the action of the water passing over their
exposed surface and cave within a few years after the comple-
tion of the well. Limestones, although strong enough to stand
indefinitely, may contain crevices, openings, and porous beds of
which the driller is untirely unaware. Water from other per-
vious beds under heavy pressure is driven into these passages
until most of it escapes through these leaks and the well ceases
to flow.

The main water bed may be a loose-grained sandstone, which,
if not cased, gradually breaks down and tends to fill the well
with its detritus. It may be a fine-grained as well as a loose-
grained sandstone, and even when the well is cased the grains
may be fine enough to pass through the perforations of the
casing and the strainers, likewise causing the drill hole to fill.
Where casing is sunk to prevent leakage the pressure under
which it is driven down may split or break it at the joints, and
through these breaks the water may escape.

DIAMETER OF DRILL HOLE.

Very obvious caunses of difference in the yield of artesian wells
are differences in the capacity of the drill hole or its casing.
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The cross section of a tube varies as the square of the diameter;
thus, disregarding other factors, an eight-inch pipe would carry
16 times as much as a two-inch pipe. But the larger the diameter
the less the frictional resistance; hence the difference in favor
of the larger pipe is still greater. Taking into account both
cross section and frictional resistance, the discharge of pipes
varies as the 2.5 power of the diameter.'

The yield of a deep well is controlled, not by the maximum
diameter of the‘bore hole—that at the well mouth—but by the
diameter of the hole at the water-bearing stratum. In sinking
deep wells it is necessary from time to time to reduce the dia-
meter of the drill -hole. The first deep well at Boone, for ex-
ample, which began with a diameter of eight inches, was reduced
four times, and reached the bottom at 3,010 feet with a diamter
of three inches. The Greenwood Park well at Des Moines, 3,000
feet deep, beginning with 10 inches, reached the bottom with
three inches. For this reason and because of the rapid increase
in the cost of drilling with increase of depth, it may be con-
cluded that the limit of profitable drilling lies under rather
than over 3,000 feet. The cost of tapping a water bed at this
distance from the surface with a drill hole large enough to
carry its waters is so great that the outlay is seldom warranted.

Large holes also have an advantage in that they offer a
larger surface of transmission within the water rock, and thus
give a more generous yield, but this increase is comparatively
slight. © Thus, of two wells, each sunk 100 feet in water beds
presenting similar conditions of pore space, pressure, etc., a
6-inch well yielded 36 cubic feet a minute and a 12-ingh well
only 41 cubic feet a minute, although its carrying capacity is
four times as large.* Several small wells will secure a larger
inflow than one large well. Furthermore, to secure the maximum
efficiency of a number of wells, they should be spaced as widely
as practicable so as to interfere as little as possible with one
another. ' ' ‘

1Slichter, C. S., op. cit., p. 84.

*King, F. H., Principles and conditions of the movements of ground water:
Nineteenth Anm. Rept., U. S. Geol. Survey, pt. 2, 1899, p. 285.
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FACTORS RELATING TO THE WATER BEDS.

PRESSURE.

The yield of flowing wells from beds of equal porosity varies
with the pressure of the water at the point of discharge, or with
the difference between the surface level at the point of discharge
and the level to which the water will rise by artesian pressure.
The relatively large yield of the deep wells of the valley towns
of Towa compared with that of upland wells is explained by
their greater head, and the assumption made by some persons
that natural cracks and fissures of great extent coincide with
river valleys is quite gratuitous. The law is well illustrated
in a test made of a flowing well at Hitcheock, Texas, whose
water rose about thirty feet above the curb, the point of dis-
charge being taken at different heights and therefore at differ-
ent distances below the static level. When the point of dis-
charge was 25.35 feet above the curb the well yielded in a given
period 8,022 gallons, and when it was 0.76 foot above the curb
it yielded in the same period 95,000 gallons. This change, which
was equivalent to increasing the head from 4.65 feet to 29.24
feet, increased the flow of the well nearly twelvefold. In the
location of wells this law of pressure variations should be con-
.sidered. Other things being equal, the lowest g'roullcl available
should be chosen as the site of the well, for here the head and
discharge will be the greatest.

To the same law is due the greatly increased flow when
pumps or air lifts are used. Thus, at Charles City, the yield of
the city well, whose estimated natural flow was 200 gallons a
minute, was increased by a vacuum of seven pounds to 900
gallons' per minute. At Mason City, Waterloo and Dubuque
greatly increased flows are obtained by means of air lifts. Ad-
vantage is taken of the same principle when the pumping eyl-
inder is set low in non-flowing wells. At Ames a test made with
the cylinder set 270 feet below the ground gave a maximum
discharge of 7,400 gallons an hour; at 149 feet below the sur-
face it gave 5,000 gallons an hour; and 105 feet below the sur-
face it gave only 3,525 gallons an hour.

Pressure is a controlling factor in the transmission of water
through porous rocks. Experiments have shown that the yield



ARTESIAN PHENOMENA 149

of porous sandstone varies with the pressure, but doubling the
pressure usually more than doubles the amount of water trans-
mitted. The moderate pressures of the Towa artesian basin suf-
fice to overcome the frictional resistance and to drive the water
on its way but are not sufficient to force such immense yields
as are reported from wells of the Dakotas. The moderate
pressure may also result in a comparatively rapid lowering of
the head in any loecal area, for the slower the transmission the
more rapidly will the area be depleted under a given draft.

THICKNESS OF THE WATER BEDS,

Few if any wells yield as much water as would be indicated
by the theoretic capacity of their pipes and the velocities due
to their pressures. This is because the water is delivered to the
pipe through porous rock through which water seeps from dis-
tant sources under great frictional resistance. The yield de-
pends, therefore, on a number of conditions relating to the rock
constituting the water beds. It depends on the amount of sur-
face exposed in the drill hole within the water bed. When the
bottom of the hole barely touches the water bed, or an unper-
forated casing extends to the bottom of the well, this
surface is at a minimum and gives a minimum yield, for it is

then merely the area of the circle whose diameter is the diameter -

of the bore. When the entire water bed is penetrated and the
hole is uncased, the surface of transmission is at a maximum
and gives a maximum yield, for it is then the surface of a cyl-
inder whose height is the thickness of the water bed. Thus a
thick water bed will not only hold and carry more water than
a thin one, but may also deliver more water,to a well. Several
water beds will vield more than a single water bed of less than
their combined thickness. The thickness and the number of
the Towa aquifers therefore constitute one cause of the large
flow of the wells. It follows that a deep well should be sunk
completely through any given water bed, and that the more
water beds it traverses the larger will be its yield, provided of
course that certain beds do not drain away the waters of others
because of difference in head. Several Iowa wells that have
stopped in the Saint Peter sandstone would have obtained a
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much more copious yield if they had been carried through tne
Prairie du Chien and the Jordan.

On the other:hand, there are places where the lower waters
should be left undisturbed even though the yield would be in-
creased by drilling to them. At Cedar Rapids and at MeGregor
the first wells drilled encountered salty and corrosive waters
in the Cambrian sandstones, and wells drilled later in these
towns were, therefore, stopped before they reached the horizons
at which the deleterious waters were obtained. In northeastern
Towa, along the Mississippi valley, the lowest of the aquifers,
the Dresbach and underlying Cambrian sandstones, is drawn
upon freely; but outside of this area the expense of reaching it,
and the probability of finding its waters highly mineralized, are
so great that it is generally advisable to stop the drill at the
base of the Jordan sandstone.

In loose, friable sandstone it may be necessary to case through
the water bed. In such wells the casing shounld be perforated
through the entire thickness of the water bed.

TEXTURE AND POROSITY OF WATER BED.

- Yield depends very largely on the texture and porosity of the
water rock.. Gravel yields its store of water more freely than
coarse sand, and coarse sand than fine sand. Doubling the ef-
fective size of grain quadruples the yield. Stratified rocks trans-
" mit water most readily parallel to their bedding planes, and
this fact gives an additional reason for the large yield of wells
which penetrate water beds deeply and are fed from the sides
by horizontal currents, as compared with the yield of wells
which touch only the upper surface of the water bed and are
fed from the bottom by currents rising transverse to the bed-
ding planes. .

The main sandstone aquifers of the JTowa artesian system
include many highly porous beds through which- water seeps
freely into wells. Their grains are moderately large, aré excep-
tionally smooth- and well rounded, and are fairly uniform in
size, thus increasing the pore space, as few minute grains are
packed in the interstices of the larger grains. Cements filling
the pore spaces to a greater or less extent are practically absent
in many of these water-bearing beds. In consequence of these



ARTESIAN PHENOMENA 151

conditions, the sandstone aquifers of Towa yield exceptionally
abundant supplies.

With increasing distance from outerop and with inereasing
depth and slackening of the ground-water circulation clogging
and filling of pore spaces may be expected in any water-bear-
ing terrane accompanied by restriction of the water channels
to spécial horizons kept open after the remainder of the rock
of the terrane has become impervious by cementation. The
yield of aquifers, such as the Saint Peter and the .Tordan, can
not be expected to be as great where they reach great depths
in central Towa as it is in northeastern Iowa, where they lie
much higher and their circulation is far more active.

CREVICES IN THE WATER BED.

The yield of the artesian wells of Towa is increased by the fact
that the waters flow not only through the pore spaces of sand-
stones and loose-textured limestones but through the fissure
cracks and crevices that are common in limestones and occur
even in many sandstones. The existence of these passages might
be inferred from general considerations and from experience
elsewhere, but in the Iowa field it has frequently been proved by

.the sudden drop of the drill, by the deflection of the drill, and by

the underground disappearance of drillings. Many of these

. passages through limestone are in connection with the sandstone

aquifers.

Between the Saint Peter and the Jordan sandstones lies a
heavy body of creviced limestone, more.or less arenaceous and
In places interleaved with layers of porous sandstone, and below
the Jordan sandstone lie the limestones of the Saint Lawrence
formation. Throughout this entire body of rock, from the base
of the Platteville to the summit of the impervious beds of the
Saint Lawrence, artesian waters may participate in a common
movement. Water sinks or rises from sandstone to limestone,
and vice versa. Where its course lies in the solution passages in
limestone its velocity is greatly increased, and where the drill
penetrates such crevices the flow is proportionately abundant.
Even the delivery of the sandstone is no doubt increased by com-
munication with the more open ways of the limestones.

~ iThe Saint Peter, struck at Nebraska Cily, at a depth of 2,783 feet, although
84 feet thick, was found dry.
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CLOGGING OF THE WATER BED.

The yield of some wells diminishes because the water bed be-
comes clogged. Fine niaterial in the rock is carried little by little
toward the well and accumulates immediately about the drill hole
in the interstices between the larger grains, thus lessening the
porosity and the transmission capacity of the aquifer and lessen-
ing correspondingly the yield of the well. The danger is believed
to obtain especially with incoherent sandstones which have large
diversity in size of grain and contain material of siltlike fineness,
either interleaved or disseminated through it. In the main water
beds of Jowa—the Cambrian and Ordovician sandstones—clog-
ging to any noticeable extent from this cause should be rare.
In the artesian wells at Savannah, Georgia, an effectual remedy
for clogging wagfound in forcing a strong flow down the well
by means of fire engines.

" Clogging may be the result of the growth of microscopic plant
life and gelatinous deposits of iron, as in Linwood Park
well at Dubuque, where the obstruction was a fibrous growth,
probably of Crenothrix, and where churning an iron rod in the
well doubled the diminished flow.

i O__VERDRAFT ON WATER BEDS.

Artesian wells may fail because of overdraft. In many large
towns and cities the fact that a copious supply of water, whose
purity is above suspicion, can be obtained at moderate cost,
leads to the multiplication of wells beyond the local transmission
capacity of the aquifers. The head of old wells gradually
diminishes and that of new wells drilled from time to time fails
to reach the initial head of the wells first drilled. The opening
of a well of unusually large yield, resulting from its exceptionally
large diameter or from its location on low ground, may cause
a sudden fall of pressure in all the wells of the locality.

. Finally, the artesian head in a locality may be so reduced that
all the wells cease to flow and all require pumping. The cause
of this lowering of artesian head is simply that more water is
being drawn from the water beds at this place than can flow in.
The storage capacity of the artesian basin is not overdrawn, nor
is there a deficiency in the rainfall and absorption over the area
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of supply ot the artesian system. The limiting factor is the
transmission capacity of the water-bearing strata at that locality.
For such a condition there is obviously no remedy. The most
that can be done is to gnard against any waste of the water,
either above ground or by leakage below the surface. The real
overdraft may be due not to necessary consumption but to leak-
age from a number of wells.

In the towns and cities of Towa where many wells have
been drilled loss of pressure has been noted too generally to be
accounted for by deterioration of individual wells. Such a loss,
for instance, has occurred at Dubuque, Clinton, Davenport, Bur-
lington, Keokuk and elsewhere (p. 155). In none of these places
has the decrease been sufficient to wholly prevent artesian flow,
though in several pumps are used to increase the yield.

REMEDIES FOR DECREASED YIELD.

" The first step.in remedying decreased yield is to discover
whether the error is not in the well itself. Even when properly
constructed the mechanism of a deep well can not be expected to
last indefinitely. Packing may deteriorate with age and leaks
develop about the lower end of the uppermost casing. Casings
in time rust out, and under the chemical action of certain waters
this deterioration may be rapid. The casing may be attacked at
the joints, the screw threads becoming so rusted that when the
casing is drawn to recase the well each joint has to be lifted
separately; or the water may corrode the sides of the casing,
perforating it with holes as large, sometimes, as a 5-cent piece,
thus causing leakage. The remedy here is to recase the well.

In a number of Iowa wells where this has been done the initial
vield has been restored. Thus the Atlee well, at Fort Madison,
used for a public fountain in the street and for a private foun-
tain on the grounds of the owner, which lost its head of 55
pounds, is said to have had this entirely restored by recasing.
Unfortunately a well may be drilled a little out of vertical and
the insertion of a casing is impossible when a need of repairs
arises. An example is afforded by the deep well at Monticelic,
one of the oldest artesian wells of the state, which fur=izhaed
excellent water but had to be abandoned because the crocksd
bore hole prevented the essential repairs.
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In wells ending in sand the screen at the foot may become in-
crusted and the flow of the water stopped. The remedies for
this are discussed on pages 219-226.

In many oil wells an increase in yield has been obtained by
torpedoing with nitroglycerin. This method has not been at-
tempted with the Iowa artesian wells, nor, indeed, can it be
recommended except as a last resort where drill holes would
otherwise be failures. In close-textured limestones the shatter-
ing of the rock under the torpedo may not extend to any pas-
sageways. It must be remembered that an artesian well is ex-
pected to be far more permanent than an oil well. Torpedoing a
well usually not only makes it impossible to sink it deeper but
also to repair it at any time. ' :

Still less excusable is the use of nitroglycerin in repairing drill
holes. At Vinton in 1910 two adjacent deep wells needed repairs
of the same nature and extent. In attempting to pull a corroded
casing in the north well several shots of high explosives were
fired and the drill hole was so damaged that the total cost of
the repairs exceeded $7,400, whereas the repairs on the south
well made by an experienced company cost but $1,600.

STATISTICS OF DECREASED YIELD.

The following tables present all the information which has
been gathered concerning the deep wells of Iowa which have
been abandoned or whose yield has decreased:
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b j -l - 2,225( 1883 1901 28 2 250 150 (Well plugged at 1,450 feet; loss gradual; casings
‘ [ | | rusted; no repairs.
' W e S e T =1 1,450I 1883 1901 28 2 250 150 |Loss gradual; casings rusted; no repalrs.
No. 3 e 1,450 | 1883 1901 | OF 41 s =i, Oy I el —- | Casings rusted; no repairs; not in use.
Young Men’s Christian Assocla-|
ol tlon  TWall el e Nomr S - 1,450 | 1804 | | Casings rusted; no repalrs.
inton: | | |
Clinton Paper Cooooo oo —___ 1,065 | 1883 1895 42 .083 Loss gradual; casing rusted; recased to depth of 160
Ohi & North West = | feet in 1896, but no improvement noted.
cago or estern Ry.;, .
near station .. __.______ | 1,169 | 1896 1895‘ 12 0 | i 600 |Loss gradual, leaked about old packing; yield in-
J creased by reeasing and repacking in 1905.
Chleago & North Western Ry.; |
South Clinton 1908 —20 Loss sudden on completion of well of Sugar Refin-
| ing Co.; flows as usual when the well of sugar
| | | company is elosed; no repairs.
Amana: g |
Woolen Tl -ocememooeee | 1,640 1888 j 98 % 20 200 450 |Loss gradual; repacked in 1889.
Burlington:
Murray Iron Works __cocooaeo | ss1 1903 | { 92} 46 | wcme—e—wo. | Yield decreased from time to time as other wells were
| | 69 drilled; no repairs.
Iowa S0AD OO0ucmo e ‘ 609 @ 1904 | 1905 a3 Viaie i =l e, Loss sudden when Clinton Copeland well was sunk;
no repairs.
Sanitary Milk CO- oo ‘ 487 | 1906 1905 Head decreased 46 feet when Clinton Copeland well
was sunk; no repairs.
Smith and Palton oo o—_ 460 | 1905 1905 80— QLA Loss sudden, presumably owing to drilling of other
Council Bluﬂ;& 3 | wells; no repairs.
Chicago, Milwaukee & St. Paul 1
Ry. J 750 | I | + 8% Loss gradual and continuous; cause unknown. No
| | ‘ | | repairs.
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School for the Deaf—
AT (gt = s e B 1,080
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_____ 1,500 |
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Independent Malting Co.—
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Somil Cvedll e Ll i 1,308
iy U | R U R 1,306
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Linwood Cemet
No, 1 - — 1,851
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Julier House
Dubugue Packing Co._... ...
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{Loss gradual; increased flow temporarily by deepen-
{ ing, cleaning, and recasing in 1893.
Loss gradual; no repairs.

Casing rusted.

Flow temporarily inereased by recasing in 1895 and in
1901.

Loss gradual.

Loss sudden, due to pumping of other wells.

Do.
Flow ceases when wells of glucose factory are used;
cleaned out and reamed.

Under air lift said now to yield 435,000 gallons per day.

Under air lift said now to yield 1,208,000 gallons per
day.

Deercase caused by interference; flow ceased in 1908.

Pump installed in 1905, when water stood 45 fect be-
low curb.

_ |Water level lowered by unknown amount,

| Original depth, &)6- feet; deepened to 1,660 feet in 1898.
Loss gradual.
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" Duhuyue Brewing & Malting Co.p 1,165 . | ______ .. ol e | MELE | Loss gradual; original depth, 999 feet; repacked, re-

| cased, and drilled to present depth; results bene-

fleial.

B HEMM e e e i 873 I ABgp le=tenntd o el VSRR, M S0 __ |Stopped flowing in 1902, with use of air lifts on Brew-
ing & Malting Co.’s well.

Key Clity Gas CGo.—. = cvvoeece R AU | Sy ey Y L] R o T S I Interference of other wells noted.

Dubugue city well—

Eighth Avenue TRiEGR ISl Tl .. o T0ake o __. |Slightly decreased by use of air lift in Eagle Point wells
Sixth Avenue IO fo e 22 11 .-~ |Decreased to ome-third normal yield by use of alr lft
Fort Madison: in the Eagle Point wells.
Hospital, Atchison, Topeka &
Santa e Ry io—in-toiaa 764 1862 1902 Rl () e e, | Loss sudden; vield slightly improved by deepening and
Keokuk: | recasing in 1903.
Hubinger wells | Loss gradual.
Do Ceasod to flow in 1908.
Ottumwa:

Iron works
John Morrell &

Loss gradual; defective packing.

o PO R AR = - 1,110 1898 1532 261 800 207 \Loss gradual; well filled with sediment; flow increased
3 by reaming in 1892.
No. 2 1892 ol R POy gy RSSO PR ) 214 We][ fllled with sediment.
No. 8 1508 1901 e L 1,500 244 | Do
No. 4 i 1903 an il Ity FREE T 1,450 1,500 Do
Sabula city well __ 073 1805 1803 74 64 720 550 |Loss gradual.

West Liberty city well:
EUE= e o s 1,78 1888 ... 9 e 120 |oee e s Gradual loss; in 1900 water stood 12 feet bclow curb
and pumping eapacilty was 75 gallons.
- |Loss gracual; still flows.
Loss gradual; partly reamed in 1900, without effeet.

T3 i A S 1,594 1900 1| PR S RE e s 225
Wilton city well-- - 1,360 @ 1891 1898 13 20 300

* More or less. $ Few inches, t Small.
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Abandoned artesian wells.

I
i Yield
o L T
= <R |
] o o ;
£ ) 5 S il b
Location B g g & o Remarks
D o o | f
(=] (3] [ (=] Ay
- o 5
3 O Gallons | Gallons
Feet > " |per min. \per min.
Ackiey: |
Olty Well —m e e e me 2,030 { 11893 & 11908 , R e
Boone:

City well—

NG ] o e SN 3,010 1890 1906 (i I Abandoned for cheaper supply from shallower wells.
N s st e o e | 2,914 1897 ; 1806 |  70-80 70-80 Do,
Centerville:
City well No. 1 in public square| 2,496 |- : ________ 200 200? | Drilled before waterworks were installed in 1895; never pumped; aban-
doned in favor of new well at a more convenient location.
Des Moines: ;
Greenwood Park well .. 3,000 1896 POOZHIImE e s | Water mains extended into park; no deterioratlon of yield or head.
Dubuque:

City well on Eighth Street__._. 1,310 1888 . | 2,500? 100 | Original head, 46 feet; head in 1908, 3 feet; loss noted years ago; no

repairs ever made.
Fort Madison:

Brown Paper CO0.o.coooooeem- 689 1888 1902 600 |- Casing gaye way In 1898 and well filled with sand; inside casing was in-
gerted and”well was used a few years, when It again caved and
was abandoned.

Glenwood:
i Asylum for Feeble-minded-. --- 1.910 1897 |- ceeame ‘ 0 60 | Abandoned beeause of scanty supply and infection with typhoid germs.
onticello:

O BV dwelll e L L BT e T 1,198 1876 1900 200 }osvmm s Abandoned beeause of decreased yield; crooked hole made recasing
impossible.

Newton: | |
Clty well— | |
No. 1 1,400 1890 | | .
o B A Y 705 ; \
Sigourney - 1,888 1882 - 1 Poor water; never used.
QOlinton:

Dewitt PATK ooooooooeomeee 1,67 1800 |—aocaee 6251 |Sn e g Original head, 44 feet; flow ceased; diseconneeted from waterworks.
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CHAPTER V.

CHEMICAL COMPOSITION OF UNDERGROUND WA-
TERS.

BY W. S. HENDRIXSON.

INTRODUCTION

NATURE OF ANALYSES.

The analytical work of this investigation has been confined to
determination of those mineral or inorganic constituents that
are commonly found in nearly all ground waters and that have
an important bearing on the suitability of the waters for munici-
pal and industrial uses. The following are the substances de-
termined :

Silica (8i0.). Potassium (K).

Iron (Fe). Carbonate radicle (CO,).
Aluminum (Al), Bicarbonate radicle (HCO,).
Calcium (Ca). Sulphate radicle (S0,).
Magnesium (Mg). Nitrate radicle (NO,).
Sodium (Na). Chlorine (Cl).

In calculating the averages of the analyses potassium has
been included with sodium, as potassium was separately deter-
mined in only a few of the waters. In most of the analyses not
made