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CHAPTER XIL

UNDERGROUND WATERS OF THE CENTRAL DISTRICT.

INTRODUCTION

BY W. H. NORTON.

The central distriet comprises twelve counties situated in
central Towa—Boone, Dallas, Greene, Grundy, Guthrie, Hamil-
ton, Hardin, Jasper, Marshall, Polk, Story and Webster. By
far its larger part, including all the central and western por-
tions, is underlain by Pennsylvanian rocks, which here consist
predominantly of shales; the eastern part is underlain by the
Mississippian, which also includes heavy shale beds. The
presence of these heavy beds of shale makes the question of the
deep water supply of special importance.

The Paleozoic terranes continue their southwestward dip well
toward the western part of the area. From Waterloo 1o Ackley
the average fall of the Saint Peter sandstone is eight feet per
mile; from Ackley to Fort Dodge the fall decreases to 214 feet
per mile (PL VI, p. 310). The section along the Chicago & North
Western railway shows a descent of the Saint Peter from Belle
Plaine to Boone averaging four feet to the mile (Pl XI, p. 458),
vut this dip is interrupted by the Ames anticline, discovered by
Bever and demonstrated by his section of the deep well at the
Towa Agricultural College. By this singular upwarp the Saint
Peter at Ames stands 275 feel higher than at Boone, 15 miles
farther west. From Boone a very gentle descent of about three
feet to the mile continues to Ogden, but from Ogden the strata
rise at the rate of 814 feet to the mile as far as Jefferson.
Along the main line of the Chicago, Rock Island & Pacific rail-
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way the Saint Peter dips west from Grinnell to a point 12 miles
north of Des Moines at the rate of 6 feet to the mile. (See Pl.
XV.) West of Des Moines the strata probably continue their
westward dip through or nearly through Dallas county, beyond
which a very gentle ascent probably occurs. From Waterloo
to Des Moines the Saint Peter descends 1,143 feet, or a little
less than 1214 feet to the mile.

The deep-water beds of this district are the Saint Peter sand-
stone, the Prairie du Chien stage, and the Jordan sandstone.
The latter, however, may not be found well defined in the south-
ern and southwestern parts. In the sections at Boone and Des
Moines the terranes below the Saint Peter are not well deinarked,
even the boundary between the Prairie du Chien and the Jordan
being indistiret. Thongh water-bearing sandstones will un- °
doubtedly be found below the Saint Peter, their place can not
be predicted amd their correlation is not always determinable.
In the central and southwestern parts of the district these sand-
stones are to be found only at great depths and the cost of
reaching them should be well considered before a deep well is
decided on. The history of the Boone wells is exemplary in
this respect.

In the northern tier of counties the Saint Peter seems to be
unusually thick and the terranes immediately underlying it are
apparently markedly arenaceous. They lie within profitable
drilling distance of the surface and may be expected to yield
exceptionally large supplies of water.

Moderate amounts of water may be found in the Galena and
Platteville limestones, but generally wells should be carried
through the Saint Peter or the underlying water beds. The
Herndon supply seems to come from the Galena, and it is quite
possible that had the well been drilled a few score feet deeper
the Saint Peter would have been encounterd.

The waters of the country rocks, especially those of the Penn-
sylvanian, are apt to be so highly mineralized as to be unpotable.
The gypseous beds of the Silurian also furnish highly mineral-
ized waters at a number of places. Special care should be taken
to case out these upper waters from deep wells. The high
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mineral content of a number of the deep wells leads to a strong
suspicion that their waters are derived in part from wupper
horizons, yet the lower waters—those of the Saint Peter and
the subjacent beds—have come far, they have sunk deep, their
circulation has no doubt become sluggish, and they have had
opportunity to take up far more minerals in solution than have
the waters of the same beds farther to the north and east.

Taking all factors into consideration deep wells can not be
recommended for the extreme southern part of the district, in-
cluding the southern half of Guthrie, Dallas, Polk and Jasper
counties, except as experiments and where other sources are
unavailable. The depth of the Ordovician formations along the
axis of the downwarp from Boone southward renders deep-well
drilling lere, also, of doubtful expediency. Except in these
paits of the district, however, wells may obtain water of fair
quality without being carried to excessive depths. Other
sources of supply should, however, be carefully considered be-
fore decision is made in favor of artesian wells.

BOONE COUNTY

BY W. J. MILLER AND W. H. NORTON.
TOPOGRAPHY AND GEOLOGY.

The surface of Boone county is rather flat, although very
gently rolling areas are not uncommon. The most striking
modification of the general flatness is the broad, deep valley
cut by Des Moines river from north to south across the middle
of the county. A much less noteworthy depression is formed
along Beaver creek in the western part.

Wisconsin drift and Kansan drift are spread over the whole
county except along Des Moines river, where both have been
completely eroded. The drift appears to be thinner on the west
side of the river than on the east. It rests immediately on the
Des Moines stage of the Carboniferous, which has been well
exposed by erosion along Des Moines river. '

The drift formations show rapid variations in thickness, but
are generally horizontal. The rock formations dip rather
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strongly to the west in the eastern part of the county and lie
about horizontal in the western part. (See Pl XI, p. 458.)

UNDERGROUND WATER.

SOURCES.

Most of the wells in Boone county obtain water in the sand or
gravel beneath the Wisconsin drift, at depths ranging in dif-
ferent districts from 50 to 120 feet. Where the gravels fail to
yield sufficiently deeper wells must be drilled. Along Des Moines
river the Wisconsin is altogether absent, and it also appears
to be absent or very thin along the other watercourses.

‘Where the Wisconsin drift is very thin or absent, especially
along certain watercourses, first water is obtained in the sand
or gravel beneath the blue clay of the Kansan drift, which af-
fords a persistent and satisfactory supply and is tapped by a
good many wells. Because of rather rapid and local thickening
and thinning of the Kansan, the depth of this water varies
greatly even in any one part of the county. Depths ranging
from 100 feet to nearly 300 feet have been noted, the most com-
mon being 150 to 200 feet; the greatest depth appears to be in
the vicinity of Boone. Along Des Moines river the Kansan has
been completely cut through. Unless a well has been sunk into
the underlying rocks, it may be difficult to tell whether the water
comes from beds below the Kansan or below the Wisconsin.

Local good supplies are found in sandy layers in the blue clays
of either the Wisconsin or the Kansan drift sheets.

A number of wells obtain water from Carboniferous sand-
stones (Des Moines stage). A few very deep wells, as at Boone
and Ogden, get water in Cambrian sandstone.

On the lowlands along stream courses the water in the drift
may be under sufficient head to overflow at the surface. The
most important flowing basin in Boone county is along Beaver
creek and its branches. Flows are also obtained along Big creek
in the southeastern part of the county, and at least one flowing
well exists in the northeastern part of the county in the valley
of Squaw creek. A flowing well has been reported in the north-
western part of Boone and another five miles north of Boone.
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The available data are not sufficiently acecurate to determine
definitely the source of these flows, but the best evidence indi-
cates that those along Beaver and Big crecks are derived from
the gravels beneath the Kansan drift, and the others from the
sand and gravel beneath the Wisconsin. The flowing well in the
northwest part of Boone and the one five miles north of Boone
are almost certainly from the Wisconsin.

SPRINGS.

A few springs are found along Des Moines river and some
of the smaller streams, but none are of notable size.

CITY SUPPLIES.

Boone—Boone (population, 10,.347) derives its water supply
from four wells, 3,010, 2,900, 297 and 264 feet deep. (See Pls.
XTI, XVI.) The water is pnmped by air lift to a reservoir and
thence to an elevated tank, from which it is distributed by
gravity with a domestic pressure of 40 pounds and a fire pres-
sure of 100 pounds. Boone has 1014 miles of mains, 46 fire
hydrants, and 500 taps. The system serves 2,500 people with
300,000 gallons a day. The water is plentiful but hard.

City well No. 1 has a depth of 3,010 feet and a diameter of 8,
5%, 414, 3% and 3 inches; casing, 5% inches to 1,400 feet, 4%
inches from 1,300 to 1,875 feet, and smaller from 1,975 to 2,073
feet. The curb is 1,140 feet above sea level and the head 200
feet below the curb. The pump cylinder is set 276 feet below
the curb; pumping at the rate of 70 gallons a minute produced
no noticeable effect on water level. Water from depths of 45
feet and 195 feet rose to 35 feet below the curb and yielded 40,-
000 gallons a day; water from the Saint Peter sandstone at
1,875 feet rose to 60 feet below the curb; water from beds at
depth of 2,700 feet stood 200 feet below the curb but gave
largest yield. Date of completion, 1890. Temperature, 68° F.

The water is corrosive and scale forming; new water pipes
in boilers are eaten out sometimes in six months; scale deposits
at the rate of about one inch a week in heater and one-sixteenth
of an inch in boiler tubes.
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Record of strata in well No. 1 at Boone."

|
! Depth

Pleistocene (200 feet thick; top, 1,140 feet above sca level):

QOlay, yellow, sandy, variegated
Clay, light blue; mixed with angular gravel
Clay, light blue; gravel more conspicuous .
Clay, yellowish gray, slightly arenaccous; and containing fragments of wood closely|
resembling red eedar; gravel persists but is less engular oo |
Clay, gray-blue; more even in texture than preceding, but still containing a consider-
able pereentage of arenaceous material; strongly caleareous .. ___________
Clay, yellow-gray; cbanges gradually to yellow at 140 feet; even-textured, almost
free from gravel, but slightly arcnaceous throughout; 3 samples at 100, 110 and____
Clay, grayish yellow: containing angular sand and gravel._.
Gravel, coarse; embedded in matrix of blue elay; gravel of quartzitic, cherty, and
basic igneous rocks; many pebbles faceted
() mizsglini Tt s § o Faddit o i b S el 0 a2 e = i
Clay, blue, massive
Sand, quartz: fine uniform grain, containing a few grains of caleareous chert.
Gravel, coarse; composed chiefly of granite, vein quartz, basic igneous rocks, quartz-
ite and nodules of elay ironstone. I'he latter two bespeak strongly 2 Coal Measures|
origin. The rounded forms of many of the constituents bear evidénce of prolonged
attrition

Plefstoceue (?) (70 feet thick; top, 940 feet above sca level); may belong to Des Moines
stage of the Pennsylvanian:

Qarboniferous:

Devonian and Silurian (520 feet thick; top, 325 feet above sea level)

igy Limestone, magnes{an, light buff; 2 samples from 930 to

a Adapted from Beyer, 8. W..
198.

Shale, buif, arenaceons; containing a small amount of fine gravel probably carried
down from overlying strata; slightly calcarcous, loesslike in appearance, and with
distinet soil odor; samples at 240 and 260 feet clay, drab, sandy, and pebbly; not
molding readily when wet; sample at 230 feet effervesces freely In acid, and slightly
calcureous below; appearance of old soil at 240 feet; a little wood at 250 feet; 7
samples at 200, 210, 220, 230, 240, 250 and

Pennsylvanian—
Des Moines stage (175 feet thick; top 870 fect above sca level)—
Shale, blue, comneact, bnlllc _______ |
Shale, blue; a little (,Odl 2 samples at 275 and |
Shale, Llue, calcareous, and slightly arenaceous.
Shale, ]l"ht blue, strongly caleareous; Ore aréenfecous than the preceding
Shale, black, bituminous, fissile; 2 samples at 345 and________________________
Shale, bituminous, mixed with ash-colored fire elay, coal, iron pyrites, and clay
ironstone =
Shale, black, nonealearecus, brittle; containing an abundance of iron pyrites..
Shale, gray-blue; slightly arenaceons at 400 feet but practleally nonealcareous
throughout; 4 samples at 380, 360, 400 and
Shale, ash-colored, brittle, calcareou
Saint Louis limestone and Osage stage (155 feet thick; top, 695 feet below sea
leve)—
Shale, gray; a little black shale, much flint partly In the form of geodes;
some limpid quartz; 2 samples at 445 and
Mississippian—
Shale, grayish blaek, calcareous and arenaceous.
Limestone, rhombs of ealeite. B B
Limestone, slightly oolitie; 4 samples at 470, 475, 460 and
Shale, blue; strongly calcareous; 3 samples at (15, 525 and
Shale, gray-blue; more warly than preeeding.
Limestone, blue-gray: close-textured, brittle; sharply angular.
Limestone, conchoidal or hackly fracture
Limestone; abnormal amount of chert__
Limestone, oolitic facies, slightly quartzite; not angular
Sandstoue, friable, fine-grained E
Kinderhook stage (215 feet thick; top, 540 feet above sea level)—
Shale, green-gray, slightly arenaceous
Shale, slightly ealcareous; 2 samples at 610 and.
Sbale, more wmarly -
Limestone, gray; 2 samples at 640 and
Limestone, gray, marly; from @60 to
Limestone, blue, eompact, brittle._ .
Limestone, apparently hreceiated
Shale, gray

Limestone, subcrystalline, gray; ) samples at 815 and
leestone; shows numerous reddish brown spots, probably due to oxldation of iron
pyrites; 2 samples from 849 to

Feet

165
165
176
185

195

920
1,015

-

The assignment to formations follows closely that of Dr, Beyer,

renlogy of Boone Counly; Iowa Geol. Survey, vol. 5, 1895, pp. 194-
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Record of strata in well No. 1 at Boone— Continued

leoe‘;tone, more or less argillaceous; fragments of a dark colored shale: 2 samples at
1,028 and -
Shale, slightly calcareous
Limestone, magnesian, light buff; 2 samples at 1,065 and
Shale, gray-hlue, slightly caleareous; sand present; 3 samples at 1,080, 1,090 and.
Shale, arenaceous; many sand grains larger than those above, at . _____
leestone gray, dolommc bituminous shale at 1,130 feet; 3 snmplLs at 1,130, 1,140 and\
Limestone, magnestan, buff, saccharoidal; 3 sﬂmples e L16G0L MpX70 BN~ L T T
Limestoue, magnesian; some quartz grains, at
Limestone, dolomitie, marly; 2 samples at 1,20
Shale, gltemqh [ P e R e M S
Lxmeqtone, dolomitie, marly; 2 samples at 1,240 and__
Limestone, argillaccous, at _ .
Onartz, '.'m(olorcd chalcedonic, at _
Clay, residual; a red ocherous substance, ch'u"ed with white calearcous. grains, Py
Sand, quartz, vﬂncolored, | (et P L e AR EEEES Bt
T,mltct(:no eystalline. nurrlish: some flisgile grecn shale,
Limestone, buff; considerable green shale, at.______.___ ekl
D({lgi}}lﬂ %rﬂv fine, even-textured, brittle, reduced to fine sand hy drill; 2 samples at
,3l0 and —...__.
Ordovician: ¥
Maquoketa shale (105 feet thick; top, 195 feet below sea level)— |
Shale, green, soit, plastic, only slightly calcareous, from 1,335 to
Shale, black, carbonaccous, at___________________
Shale, buff, magnesian, 2 samples at 1,405 and = i
Gzlxlenil) dolomite and DPlatteville limestone (405 feet thick; top, 300 feet below sea
evel)—
Limestone, arglllaceous, at
Limestone, gray, magnesian; 2 samples at 1,450 and
Limestone, argillaceous, marly, at.
Limestone, gray. meagnesian: 2 samuoles, at 1,500 and__.
Limestone, buff, magnesian, finely granular, at_.__
Limestone, slightly erLy from 1,545 to ___
Limestcne, huff, magnesian, contammg flak Ta
age plntes of gypsum; 3 samples at 1,580, 1,50 nnd
Dolomite, brownish yellow, marly, at. e oo oo l
l)olomite, becoming progressively llghter colored; 2 samples at 1,620 and__.______._ _
Dolomite, buff, at
Dolomite, saccharoidal, at______ L T
Dolomite, buff; 2 samples, at 1,660 and
Dolomite, shaly, at
Dolomite, bluish gray, marly, argillaceous, at
Dolomite, buff; 3 samples, at 1,710, 1,720 and —._._____
Clay, resxdua] with some fine- gramed quartz sand, at.__
Shale greemsh gray, at
Dolomlte brownish, at ____._____
Shale, green!sh gray with dolomite sand, at
Dolomite, deep brown, at.
Dolomite, color ehnngea gradually from buff lo grcemqh gray and texture be-
comes shaly; from 1,795 to
Shale, bluish gray, at.
Shale, green, uoncalcarcous, at
Shale, bluish, at H
Saint Peter sandstone (55 feet thick; top, 705 feet below sea level)—
Sandstone, clear white, grains well rounded, at_.___
Shale, green; small amount of sand, at
Shak  erenaeoug: 2 FeIRplay etk bl e e et B
Sandstone, clear white, even-grained quartz sand; 3
Prairie du Chien stage—
Shale, arenaceous, at - ___..___..
Dolomite, gray; fine quartz sand
Dolomite, greenish gray, marly,
Dolomite, gray; with quartz; sand finer and much more angulnr than that at 1,880
feet; 2 xamples. L1 e e B v s LS L SRSl Y e T
Dolomitc, eream-colored, slightly shaly, at_____
Dolomite, gray, shaly, at
Shale, red noncaleareous, at
Shale, buﬂ highly ealeareous, shghtly arenaeeous R
Shale, green: 2 samples, at 2,900, and-._______._ E
Shale, dark blue, and marl, light gray, at ——___________ _________________

and__

-~

(2

817

1,000
1,910
1,915

1,950
1,955
1,975
2,075
2,165
2,250
2,310



818 UNDERGROUND WATER RESOURCES OF IOWA

Record of strata in well No. 1 at Boone—Concluded

]
Cambrian: Yeet
Jordan sandstone— ’
Sandstone, highly caleareous, buff, fine-grained; 2 samples at 2,510 and..——._____. 2,515
Saint Lawrence formation and earlier Cambrian strata— |
Shale, yellowish green, highly caleareous, at =~ -2;680
Sandstane, yellowish, fine-grained, mostly subangular or rounded; many angular
graing, at ___ e R TR o 2,585
Sandstone, light buff: grains fine, mostly angular; 2 samples at 2,640 and.._._.___. 2,660
Sandstone, prown, ealciferous,  fing-grained,' at - . 2,700
Alternating bands of shale, red marl, and soft red sandstone, without limestone;

oM -2, 700 o L . = o3 SE 3,000

City well No. 2 has a depth of 2914 feet and a diameter of 16
inches to 195 feet, 12 inches to 294 feet, 10 inches to 500 feet,
614 inches to 1,973 feet, below this not reported. The curb is
1,140 feet above sea level; water at 195 feet rose to 35 feet
below the curb; water at 1,870 to 1,885 feet rose to 100 feet
below the curb; the largest yield came from 2,846 to 2,900 feet.
The capacity of the pumping apparatus is 70 to 80 gallons a
minute. Temperature, 62° F. The cost, including casing, was
$15,000. The well was drilled by J. P. Miller & Co., of Chicago.

Both deep wells were abandoned in 1906 in favor of supply
from shallower wells.

Driller's log of deep well No. 2 at Boone.
Depth
in feet
il ST e e 6 e e L= e ST | P we v S s SRR T 0-4

Clay, blue .- - 13-43
Sand; with water.___________ oy 60
(o S i s, 4 s P el S Pty ‘s 86
(G § - JSE ST i H P : ] 1]
Sand; with water. - 1853-195
O c=—t dan-y,lore s - e - e s ey ST - 2.0
booi ol TR 40T A o) U PR e Ee—— T - 333
By tilasp=at e s o - e T P s 370
Sandstone ... = 430
Gravel and slate. s 450
Fire clay - iiee—e LEE = e e LR R N e Ly R L R T 457
B g o)y ) ESAEC TR T St e B e LT S e 471
LiMEstol@ i e e e e o = 523
NDREShEN e e el e L ae o RS e = 610
Limeston® =i foccamme s e e e ——am X, 642
Htone, ved, MATAe e 1,282
Marl, ‘Ped, BStIEEF - s e e e e s 1.200
Hard limestone -.. -—- 1,315
Bl IR e e e 21,335, 1,435

LirmeStond —— e s e e el 1,735
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Rock, light brown
Shale, blue
Sandstone; well tested; amount of water
Sand, shale, limestone_ _—______.__._________
Crevice -----
Limestone
Chalk .-
Limestone
Shale and limestone__
Shale, blue
Sandstone, water bearing
Sligis, bluGs: BORE- BnE SR ok e & st e it e
Record of strata (below 2,009 feet) in well No. 2 at Boone.
Depth
Feet
Dolomite, eherty; much quartz sand, at—.. ..o . 2,000
Dolomite, highly arenaceons, or sandstone, caleiferous, at_____ .. 2,085
Sandstone, brown; grains imperfectly rounded, at__.._ 2,045
Dolomite, arenaceous; 2 samples at 2,070 and 2,135
Dolomite, arenaceous; much shale, at_______________ 2,150
Shale, buff, highly caleareous, slightly sandy, @t e 2,165
Dolomite, arenaeeous; much shale, at_ ... ___..___ i, 2,170
Marl, drab, calearcous, nrgillncnouc and-minutely arcnaceous “and cherty, dh— e liraue- 2,18
Dolomite; with shale and sand; 2 samples at 2,218 and_____________________ 2,243
Shale, green, at S e = 2,260
Dolomite, highly arenaceons, at .. oo maian 2,257
Marl, drab, calcarcous, argillaceous, minutcly arenaceous and chcrty, at. 2,285
Sﬂndqtouc (L 107 o R ST I et el O I s o b B A 2,202
Shale, dark blue, and marl, light gray, at 2,300
Marl, greenish ycllow and blue; 4 samples, at 2,315, 2,360, 2,365 and.___ 2,395
Saudstoue fine-grained; caleareous cement; glaucomfoxous much argillaceous material;!

2 ».un]\lr‘s at P4RE hniloo-eio- 2,436
Sandstone; rounded grains; highly argillaceous; green fissile shale, TR e e e e 2,445
Sandstone of minute angular grains held in caleareous cement, with some greenish crypto-

crystelline siliea, argiilaceous, at 2,460
Sandstone; fine rounded grains, calcarcous cement, glauconiferous; considerable green shale

16 “Ehe-Mrlings,- 8 d-bene Sonha S5Rnsyie am oh i oy sl L) 2,620
Shale, hard, slate-colored; in chips; greenish yellow marl in conereted powder,at____________ 2,685
Sandstone, buff, ealeiferous; disintegrating under acid into fine angular particles; much

hard green laminated shale, at 0,700
Dolomite, glauconiferous; much BHATR (86 b crad aee i & v SR BE T, WS Y 2,705
Sandstone, greenish, hard, fine-grained, caleiferous, highly glauconiferous; in laminated

chips; also chips of siliccous gray dolomite and much hard groenrshale. a0 . 2,727
Shale, slate-colored, hard; in chips; mueh greenish argillo-calearcous ﬂnd microscopically

quartzose powder, at ot S e e e DS 2,730
Marl, light green-gray, quartzose; constituents microscopic; slightly glauconiferous; 2

samples, at 2,750 and PRl T T e R T - - e e I 2755
Dolomite, arenaecous, glfmcomferous, maeh slhiale, @ e oo 2,750
Dolomite; as above; in buff meal; marl in green-gray conereted powder, at_.______________ 2,800
MADL BRIy i - e h e i T e iR e e R e T 2,811
Marl, green-gray, glauconiferous, and dark slaty shale, at 2,817
Marl, green-gray, glauconiferous, and hard shale, at_____ . __________________________. 2,840
Sandstone, buff; clean quartz grains, imperfectly rounded, very diverse in size, the largest

reaching or exceeding 1.5 millimeters; water bearing, at - __________________ ________._ 2,846
Sandstone; as above, hut coarser; many grains rcaching or exceeding 1.5 millimeters, ati 2,855
Sandstone; as above but somewhat finer grained than at 2,846 feet, at___________________ 2,862
bnndstone. at ubove 8 sawples, at 2,870, 2,877 and. oo o 2,890
Shale, light drab, slightly calnareous; (h'illings highly arengeaouns; &t - __ .. - . - . 2,900
Shale or marl; in concreted powder, highly arenaceous; and hard, drab laminated shale, at 2,914
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Driller's log of well at Boone.

} Thiclmess.“ Depth.

Feet Feet
Soil, black, and yellow clay. 20 20
Clay, blue, and pebbles 28 48
Sand, white and water. 87 115
Sand (cleaner and coarser than above) and water 10 125
Gravel and water 18 | 143
Clay, blue, and pebbles (237 210

0

50

10

Clay, gray, hard 230
Sand and lignite ___ A s 280

Shale, gray 290
Shale, black - 5 295
Shale, bluish black 2| 297

Madrid.—Madrid (population, 1,191) pumps its water from
a well 100 feet deep by a double-action electric motor. The sup-
ply is furnished by gravity, with a domestic pressure of 42
pounds; the fire pressure is greater. The town has 114 miles
of mains, supplying 17 fire hydrants and 10 taps to 70 people.
The water is plentiful, but fairly hard.

Driller’s log, Madrid well.

] Thlckues&‘ Depth.

| TPeet Feet
Soil, black and yellow clay____. 18 16
Clay, blue \ 24 70

Clay, yellow, and sand; water.
Qlay, dark, hard (hardpan)
Gravel and water; light clay or shale.______ S

Ogden—The town of Ogden (populaticn, 1,298) draws its
supply from a well 2,507 feet deep by steam pump and force
pump combined. The water is distributed by gravity, with do-
mestic pressure of 42 pounds and fire pressure of 424 pounds.
There are four-fifths mile of mains, 10 fire hydrants, and 26
taps. All business houses and four residences use the water,
consuming 7,750 gallons daily. The supply is plentiful, but hard.

The city well (PL XTI, p. 458) is 2,507 feet deep and 10 to 3
inches in diameter. The original head was 125 feet below curb.
The head in 1905 was 140 feet below curb. The capacity is 26
gallons a minute, the water coming from 110, 1,650, and 1,820
to 1,851 feet. Date of completion, 1897. Drillers, J. P. Miller
& Company, of Chicago.
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Record of strate in city well at Odgen.
(Based on driller's log.)
\Thlckness. Depth.
Plelstocene: Feet Feet
COlay 50 50
Samd 15 65
COarbonlferous:
Pennsylvanian—

Des Moines stage (top, 1,029 feet above sea level)—

Shale, with coal at 190 and 290 feet, 3456 410
Mississippian—

Saint Louis limestone and Osage stage (top, 684 feet above sea level)—

Limestone 145 558

Kinderhook stage (top, 539 feet above sea level) = 95 650

Ozlirbolgnfcrouy (Mississippian?), Devonian and Silurian (top, 444 feet above gea
eve;
Limestone 615 1,265
Ordovician: ®
Maquoketa shale (top, 171 feet below sea level)—

Shale and red marl 55 1,320
Galena dolomite (top, 226 feet below sea level) 440 1,760
Platteville limestone (top, 666 feet below sea level)________________________ 60 1,820
Saint Peter sandstone (top, 726 feet below sea level) .ooome meommooamu 31 1,851
Prairie du Chien stage (649 feet thick; top, 757 feet below sea level)—

Limestone 234 2,085

Limestone and shale 75 2,160

Limestone and sand 340 2,500

It is also noted that the ‘‘lime rock had mud veins in it from
650 to 1,265 feet and was the same from 1,320 to 1,760 feet.”
“The rock caves more or less down to the top of the sand rock
about 1,820 feet; from that down to 2,460 feet (depth when

noted) the rock stands up.”’

WELL DATA.

The following table gives data of typical wells in Boone

county.
Typical wells of Boone Counly.
— |7 ity
| '3 ‘ 2
' = -
’ iR it
_"é Owner Location = | *é E:E ‘;E'__: Lm‘"i;'fc:tﬁ" ALV
Z | ' 5 | &l 2§ rakd
z | a =} 73] ‘m
Feet | Feet l | Feet
P. Miller __.__._{3 miles south, 4 miles| 102 (?) |Shale (?) .-|— 45 |Bored well
east, Ogden.
2| J. Phralin ___.__ Buu.lcy Flowing well. No rock.
3 i Ogden ____ |Bored and drilled.
4 Boone _____ 5 |Steam air lift used.
-G Wifler = LT =1 0 i Bored well. No roek.
6 3% miiles = Sandstone. |—140
Boone.
7 | Dodge Copopera-|33 1iles southwest, | 101 |__.___ Gravel___<—- 40 |Pumped by steam for
‘ tive Creamery. Mackey. I ereamery uses.
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Owner

Number

Typical wells of Boone County—Continued

|
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Location l

|
)
A

Source of
supply

Head above
or below

"Depth to rock

Abraham_.__ |

o«

w.

10 | Town
11 | Blake farm
12 | its s ¢ {IRESEINE

5

G.'B. Abraham. 3 _miles

| Feet | Feet |
| 108 |ocoae {

|

s
{33
GE

miles
Luther.

southeast,

southeast,
Luther.

100 | 100 |Gravel
#® tio e ‘____ do___.|— 20
215 |...._.|Sand

Madrid
1 mile south of Angus
Near Napier

7 miles northwest, 135/._.___|Gravel.____

Madrid.

eurh

| Remarks: (logs given

| formerly

in feet)

Black soil, 5; yellow
clay and blue clay,
35; “sea-moud,” so-
called, 10; blue clay,
10; sandy layer and
water (weak flow),
1; blue clay and
“sea-mud,” s an d
and water (flow) and
tossil wood and gas,
47. No rock.
flowed +6
feet. Black soil, 3;
vellow clay, 12; blue
clay, 45; sand (gray)
and water, 1: blue
elay, 15; soft blue
clay or ‘“sea-mud,”
83; green sand and
water, 1. No rock.
Bored well.
Bored well. No rock.
Black soil and yellow
clay, 20; bine clay,60;
yellow clay, 20: blue
elay (bard and dark),
111; sand and water,
4. No roek,

Bored .well. No roek.

DALLAS COUNTY

BY 0. E. MEINZER.

TOPOGRAPHY AND GEOLOGY.

Dallas county is just south and west of the center of the state.
Along its south margin, principally south of Middle Raccoon
river, the old loess-covered Kansan drift at the surface has been
so profoundly eroded that the topography is rugged; but the
rest of the county, including much the greater part of the total
area, is covered with Wisconsin drift so recently deposited and
so slightly eroded that it forms a typical youthful drift plain,
with gently undulating topography and numerous undrained

tracts.

The entire drift mantle probably averages rather less

than 100 feet in thickness and in certain localities is much thin-

ner.

Although the Wisconsin drift is superimposed upon the

Kansan, it does not seem to increase the total depth to bedrock,
probably because of the abrasion of a part of the Kansan drift
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by the Wisconsin ice sheet. Over extensive areas, especially in
the northwestern part of the county, a layer of gravel lies be-
tween the drift and the bedrock. Thick accumulations of alluvial
and outwash materials are found along the principal water-
courses, not only below the flood plain levels but also underlying
the terraces which border the valleys. :

The rocks lying below the drift and outeropping at many
points in the southern part of the county belong to the Des
Moines stage of the Pennsylvanian and consist of several hun-
dred feet of alternafing beds of shale, sandstone and coal. (See
PL XVI, p. 814.) In Dallas county the predominant rock is shale,
but sandstone seems to be more abundant than is usual for this
series. If traced laterally the sandstone strata show rapid
changes in thickness and porosity.

The approximate section shown by a well in the valley of
South Raccoon river, on the farm of Calvin Marshall in the
SE. ¥4 see. 7, T. 78 N., R. 29 W., is reported by A. G. Leonard*

as follows:
Section of the Marshall flowing well

‘ Thickness. i Depth.

Pennsylvanjan: Feet Feet
Shale, red and blue 85 65
Sandstone 8 1
Shale and slate, bituminous % 200 on
Sandstone, white 20 291

Miggissipplan: 3
Limestone, penetrated 8 299

UNDERGROUND WATER.
SOURCES.

In both the Wisconsin and the Kansan drift areas most of the
wells are dug or bored and depend on seepage from the more
or less porous seams in the drift. The wells in the Wisconsin
area ordinarily yield the larger and more permanent supplies.

In much of the Wisconsin area the gravel at the base of the
drift will furnish large amounts of water to drilled wells; and
other beds of sand and gravel at different levels in the drift
will also yield generously to drilled wells; but in some localities
the drill passes into the bedrock before water in sufficient quan-

tities 1s found. In the KXansan area drilled wells are much less
tGeology of Dallas County: Ann. Rept. Towa Geol. Survey, vol. 8, 1898, p. 75.
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successful, chiefly because of the radical difference in the head
of the water, which results directly from the difference in the
topography. In the Wisconsin area the surface is so nearly
level and the drainage so imperfect that practically all porous
deposits are saturated, and the water in the deeper beds is
under sufficient pressure to rush forcibly into the wells that
penetrate them and rise nearly or quite to the surface. In the
Kansan area, on the other hand, the drift is deeply dissected
and the porous deposits are either drained completely or their
water is under such slight pressure that it will flow only slug-
gishly into wells. In accordance with this general difference,
flowing wells are found in a number of low-lying tracts in the
Wisconsin area and springs are plentiful in the valleys of the
Kansan area.

The Pennsylvanian sandstone strata are water bearing and
furnish the supply for a number of wells within this county.
They are, however, so inconstant in character that drilling into
bedrock always involves some uncertainty. The Marshall well
(p. 823) was drilled in 1879 and has overflowed ever since. The
water comes from the sandstone at the bottom, and the natural
flow at the time it was visited was about 3 gallons a minute.
The diameter of the well is 114 inches. The flowing well in the
valley at Redfield (p. 825) was carried to a total depth of 1,384
feet, but it is reported that the first flow was struck at the depth
of 280 feet. In the wells located on higher ground the water
does not rise to the surface, but it is generally under better head
in the Wisconsin than in the Kansan area. In the former area
it is not unusual for drilled wells to get their supplies from
sandstone that lies a short distance- below the bottom of the
drift.

Two-inch sand wells require screens, which give trouble by
becoming incrusted, but most wells of larger diameter, if not
pumped rapidly, can be finished without screens and are more
satisfactory (p. 222).

The drift water and some of the water from near the top of
the Pennsylvanian is only moderately rich in calcium, mag-
nesium, and the carbonates and does not generally contain
large amounts of sulphates, but the water from the lower part
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of the Pennsylvanian, here as elsewhere in the state, is rich in
sodium and the sulphates.

Water may be found below the Coal Measures in the Missis-
sippian limestones, but in no large amount and perhaps of poor
quality, although with good head.

As Dallas county lies in the trough of the Paleozoic strata the
depth to the Ordovician and Cambrian water beds is probably
too deep for profitable drilling. At Adel the Saint Peter sand-
stone need not be expected at less than 2,000 feet below the sur-
face (1,100 feet below sea level) and the yield from it will hardly
be enough for city supply. The water horizons below the Saint
Peter are uncertain, but within 500 or 600 feet below the Saint
Peter the supply should be largely augmented.

A drill hole made at Redfield, in search for oil or gas, is of
special interest, as it shows the position of several water beds.
The water, which is highly chalybeate, runs unused into Middle
Raccoon river. The elevation of the curb is about 900 feet above
sea level,

Recorg of straia in prospect hole at Redfield.

o (Based on driller’s log.)
| Thlckness Depth
L
Feet | Feet
Quaternary: \ ‘
Surface material 18 | 18
Sand and pebbles 15 | 33
Pennsylvanian:
Sandstone a7 | 70
Soapstone or fire clay; red between 85 and 105 feet | ;] 145
Cave rock 20 | 1685
Slate, dark, caving. | 3 168
Coal, 18 inches; also 27 fcet of sandstone, limestone, and cave roek-_____._ | 28 166
Mississippian, Devonian and Silurian:
Glass rock 7 208
Mixed rock 3 206
Mixed limestone 28 234
Sand and lime streaks, bearing mineral water. 19 2563
Sand rock; bearing water, which comes to the surface. 40 293
Limestone 40 333
No record 9 342
Limestone, dark ____ | 20 363
Limestone ! 10 873
Sticky cave rock 15 888
Sand; bearing water 10 398
Peculiar limestone .__ 27 425
Roek, hard; traces of sand - 13 438
Sand, hard; bearing water 12 450
Sand, hard; changing to limestone 13 463
No reeord 25 488
Sand; bearing heavy pressure of minera] water. 10 408
Limestone, variegated 30 528
Cave rock 30 558
YLimestone 60 608
Rock, hard; breaking into sand 8 616
Sand rock; bearing strong water 14 630
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- Record in strata in prospect hole at Redfield—Continued.

Thickness. | Depth.

¥ Feet Feet
No record 25 655
Slate, light __. 10 665
Limestone 23 43 708
Qeve ool eder = T 20 728
Limestone and water sand 4) 68
Hard drilling ___ 5 o ) 788
Easy limestone . 18 £01
Brittle limestone ____.__ 22 823
Traces of oil roek__. 27 870
Close and hard___________ 10 | 850
Very hard, gray marble 8 I 868
Close sand; bears water 15 883
Close lime ___ 22 995
Mard stone ______.__.____ 3? 037
Hard limestone - 23 960
Water sand ____. 48 1,008
~ Lime roeck ____.__ e 17 1,025
(LE i il e b I T SR T el ST L TR o F T 12 1,037
Light lime 12 1.051
Traces of sand and water___ 5 1,056
Drilled hard _..__ 8 1.064
Limaestone ... __- A S 18 1,082
Propgounted: asphefbim == "= o = o e | 11 1,093
Sand rock __. il 1,100
Limestone _______.._ 8 1,108
TARe AL == s ey o= e L s, o L 20 1,128
R, = e Rie o T e 23 1,151
Lime, dark _____ 17 1,168
e BOEE: weridpeiehl et 0. R T e e e H 5 1,232
Radical change in lime 10 1, 24:
e T 3l o 1 ) CMER L, LR 15 1,258
T.imestone _ P e P B e el | SRR, SR 19 1,277
NCAIDI ERA o o AR IR S R B iea o . . 13 | 1.200
No reeord o . - 12 1,302
Verv fine water - 11 1,313
Sandstone _____ £ 7 1,320
A . S e e e L ] i2 1.332
b £ T e,y R el e e e ey e i il b U ol G P R S M B S & 9 1.341
S Hw R 1 Pyt S B S Sy i S el T 9 1.350
Tramcs «Of Ine anid Sl waller Regke dn. - — == L L T~ B 1,335
RGN L FE L g 14| 1,369
Roek, red, softer; at 1.376 feet water broke in________________ 15 | 1,384

CITY AND VILLAGE SUPPLIES.

Perry—The public supply for Perry (populaticn, 4,630) is
drawn from seven wells. of which three are reported to he four
inches in diameter and 110 fest deep. one seven inches in diame-
ter and 117 feet deep, and three 10 inches in diameter and 117
feet deep. They pass through 11 feet of sand and gravel and then
through blue clay to a total depth of 84 feet, below which they
penetrate a 45-foot bed of gravel that rests upon sandstone.

In making the wells, rocks as large as four inches in diam-
eter were bronght up—some glaciated, others consisting of soft
brown sandstone obviously of local origin. All the wells are
finished with screens except one which ends with perforated
casing. At first they overflowed, but now the water level is
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said to be 34 feet below the surface. By the application of an
air lift they together discharge 2,000 gallons @ minute into an
undergronnd reservoir, from which the water is lifted into a
standpipe by means of duplex pumps. The system includes
about 11 miles of mains, 80 fire hyrdants, and 835 taps. The
analyses given in the table (p. 190) show that the water is only
moderately hard and is not otherwise heavily mineralized. It
is nsed for domestic purposes by nearly the entire population,
and is also utilized extensively in locomotive and stationary
boilers. It is estimated that altogether an average of about
750,000 gallons is consumed daily.

The Chicago, Milwankee & St. Paul Railway has five six-
inch wells similar to those that furnish the public supply, and
the Van Camp Milk Condensing Company has two wells of the
same type, one six inches and one ten inches in diameter. In
all these wells air lifts are used.

GREENE COUNTY

BY W, J. MILLER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

The general flatness of surface so characteristic of all areas
covered by the Wisconsin drift is in Greene county consider-
ably modified by the broad valleys, with long gentle slopes to
the stream bottoms, cut and occupied by North Raccoon river
and its few branches, which flow in a general southeasterly direc-
tion across the county,

Earlier drift than the Wisconsin is found over the entire
county, but the combined thickness of these deposits is in most
places less than 200 feet.

In the western part of the county rocks of Cretaceous age,
here very thin, immediately underlie the drift; in the eastern
part the underlying rocks belong to the Des Moines stage of
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the Pennsylvanian series. From Jefferson a tongue of the Des
Moines, without Cretaceous above it, extends some distance up
North Raccoon river. (See Pl. XI, p. 458.) So far as known
none of the formations show any great departure from horizon-
tality.
UNDERGROUND WATER.
SOURCES.

Nearly all of the water used in Greene county is derived from
wells in the drift. Most of these wells strike the important
water-bearing sandstone or gravel stratum beneath the Wiscon-
sin drift, and therefore the depth to this aquifer varies a good
deal over the county, well records shdwing differences of 20 to
150 feet or more. The greatest depths, as a rule, are found in the
western part of the county. Water from this bed is very satis-
factory and is practically unaffected by the weather.

Another important aquifer lies beneath the blue clay of the
Kansan drift at depths ranging from 72 to 270 feet, the great-
est depth being in the western part of the county. Although this
is the most important and persistent water bed in the drift com-
paratively few wells are deep enough to reach it. As the Wiscon-
sin and Kansan drift sheets are not always clearly separable
in a single section, it is sometimes difficult to tell with which one
is dealing. )

Sand or gravel beds of consderable thickness are found locally
within the Wisconsin or Kansan drift sheets, and a good many
wells undoubtedly get their water supply from such deposits.

ARTESIAN BASINS.

In several places in the county wells in the drift yield flowing
water. One of these local artesian basins is in the southwestern
part along the Willow creek bottom, where flows are easily ob-
tained by wells ranging in depth from 26 to 100 feet or more.
The water probably comes from gravel beneath the Wisconsin
drift.

Another basin is in the vicinity of Jefferson, where a number
of wells along North Raccoon river and Hardin creek bottoms
yield flowing water. The aquifer from which the water comes
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has not been definitely determined, but it is probably the gravel
beneath the Wisconsin drift at depths of 100 to 125 feet; west
of Jefferson at least one well, 270 feet deep, derives flowing
water from gravel beneath the Kansan drift.

A third important basin lies along the principal stream bot-
toms in the northeastern part of the county. Good well re-
cords are not available to show the source of the water, but in
some places, as in the vicinity of Grand Junction, the water
seems to come from the base of the Kansan drift. In other
places the wells are much shallower, and the water horizon
appears to be at the base of the Wisconsin drift.

A number of deeper wells have penetrated the drift and have
gone into the Des Moines stage, obtaining water chiefly in sand-
stones. The deepest well (2,026 feet) in this county, that at
Jefferson, derives its supply from Cambrian sandstone.

SPRINGS.

Springs of small size drawing water from the drift deposits
are rather common along the main stream courses.

CITY AND VILLAGE SUPPLIES.

Jefferson—The city well (Pl. XTI, p. 458) at Jefferson (popu-
lation, 2,477) has a depth of 2,026 feet and a diameter of &
inches; cased to 1,400 feet. The curb is 1,110 feet above sea
level, and the head 40 feet below curb. The capacity is 200 gal-
lons a minute, the water coming from 1,400 feet. The well was
~ completed in 1886 by J. P. Miller & Company, of Chicago. The
water is pumped by compressed air to a reservoir, from which
it is forced to an elevated tank. It is distributed by gravity
pressure of 60 pounds through 3146 miles of main to 22 fire
hydrants and about 200 taps. About 1,200 persons usec the sup-
ply, and the daily consumption is 50,000 gallons. The water is
hard but is otherwise good.

The strata penetrated by this well are shown in the following
record :

Record of strata ih city well at Jefferson,

Carboniferous: Depth
Pennsylvanian— in feet.
Sandstone, dark buff; moderately fine grains, imperfectly rounded-_...- 260

Shale, dark, unctuous, noncalcareous 270
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Mississippian—
~Sandstone, argillaceous, slightly caleareous; grains of pure quartz,
from fine to coarse and but little rounded by attrition._._________________ 340
Chert, gray; large to small grains of limpid quartz, probably from
above, and a little white limestone-__.____._____ 350
Limestone, white, nonmagnesian; highly arenaceous, with minute
quartzose particles and some rounded grainS...-ooo—o— o __________ 355
Limestone, dark and light drab; hard_______. ... ____ 525
Shale, green-gray, pyritiferous, calcareous (Kinderhook) 700
Devonian(?):
Idmesione ™ gt bk, - aryStalling, S mare s p i T 800
Silurian and Galena (Ordovician):
Limestone, magnesian; in white powder; pure - 1,000
Limestone, magnesian, or dolomite; some shale in brown powder; residue
cherty =] = 1,100
Limestone, magnesian; brown: in fine sand; effervescence rather
e el e e o e i 1,200, 1,300
' Limestoue, magnesian, light blue-gray; luster LY i, S S I S U L 1, 350
Dolomite, light buff; in fine sand; highly cherty 1,450
Dolomite or magnesian limestone, brown, cherty; slow effervescence.____. 1, 500
Ordovician:
Platteville limestone—
Shale, greer, Slshily ealdprmansr o 0 L - e 1,67C
Salnt Peter sandstone—
Sandstone, fine, white, clean; rolled grains, 50 feet thick ... 1,700
Prairie du Chien stage—
Dolamite; in fine sand deep brown; some c¢hert .. ________.________ 1,745
Sandstone; in yellow powder and sand of angular particles of quartz
Tohth o~ fev RO O R el e e e e eSS 1,800, 1,880

Scranton—The water supply of Seranton (population, 845)
is derived from a well somewhat over 200 feet deep. The water
is pumped to an elevated tank from which it is distributed by
gravity through about a mile of mains to five fire hydrants and
45 taps. The domestic pressure is 50 pounds and the fire pres-
sure 100 pounds. About 250 people use the supply, the daily
consumption averaging 15,000 gallons.
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WELL

DATA.

Information concerning typical wells in (Jreene county is pre-

sented in the following table:

Typical wells of Greene Oounty.

. =
Z =
Owner Loecation | s § & (I};EZ:.;:IHEE'C!)
| 14=" @ o
“ Peet | | Feet
B TN e il e 18 miles west of Chur-| 190 [Sand ______ —60
dan.
Mingeapolis & St. Grand Junetion -__| 325 |Sandstone., —13 |Engine supply. Black soll,
Louiz Ry. [ yvellow clay, blue clay, fire
‘ clay (white), shale (white),
| | foot firon pyrites, 120}
| shale (dark) and blaek jack,
‘ 30; eoul, Il fire clay, G4;
samdstone aud water at bot-
= | | tom shale, 110.
D At = 6 miles south of Ral 26 |Sand __.__ 4 2 ‘I‘Io“ ing well.
ston.
William Anderson _.. G miles southeast of 192 Gravel..___ —80
Jefferson, ‘ |
Eleetrie light planc._. Jellerson oo _._ 134 JS:md _______ —60 |Boiler use.
Albert Head __.______ 1 mile west of Jeffer-| 270 |_._.do .___| -3 thk soil, 10; yellow clay, 15;
son. saud and “dtu‘ 15; clay
(dark brown and tough),
16; potter's clay (white),
12; Dblue eclay, 100; sand
| (hardened) and water, &0;
sand, 52.
Mr. Weant —_...o____ 2 miles wesl of Pntnn\ 159 |Sand and 3
gravel,
R. Townsend __._____._'5 miles east 2 miles 146 .___do ..__| —13
north of € hurdun.‘
R. Adamson -_____._- |2 miles north of Bay-l 127 |Sand _.___. | —80 Blaek soil, 16; sand, 80; blue
ard. black ‘*‘muck™ and
wood, 16; sand and
‘! 15.
John McCarthy .- 12 miles north of Jef-| 105 Gravel and| +2) Hard, iron bearing.
ferson. sand,
Town of Grand Grand Junetion...___ 75 |-c—<do _...| +23 Publie well.
Junction.
William Diamond 7 miles northwest of| 103 Sand .__.__ Sk
farm. Jefforsan,
Ed. Jomes oiuei= 4 miles northeast of| 300 Sandstone.| —10
| Grand tunetion.
Chas. Reidel _.__.._... 1 mile south of | 160 |Sand _____. —0
Rippey
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GRUNDY COUNTY.

BY W. J. MILLER AND W. H. NORTON.

TOPOGRAPHY AND GEOLOGY.

Grundy county comprises an area of low, broad hills which
give its surface a slightly undulating appearance. As a rule the
hills  are just high enough to cause the land to be fairly well
drained. There are no large streams to produce noteworthy
topographic irregularity.

Jowan drift deposits underlain by Kansan drift extend over
the whole county. In some small areas loess may be present.
Beneath the drift are sedimentary formations—limestones and
shales—belonging to the Mississippian series (Lower Carbonif-
erous). These extend over the whole county except in the ex-
treme northeast corner, where the drift rests on Devonian rocks
(PL VI, p. 310), and in the middle western portion, where it lies
above shale and limestone of the Des Moines stage of the Penn-
gylvanian series (Upper Carboniferous).

The drift deposits are practically parallel to each other except
for local thickening or thinning and there appears to be a gen-
eral slight eastward dip of all. The underlying rock formations
dip slightly westward.

UNDERGROUND WATERS.

SOURCES.

The most important aquifer in the drift is the sand or gravel
bed at the bottom, which nearly everywhere yields a good supply
of water. The depth to this aquifer ranges from 125 to 230 feet,
according to the thickness of the drift sheets in different parts
of the county. This aquifer is rarely lacking in Grundy county.
Higher up and within the blue clay there are some local water-
bearing sandy layers. In many localities, however, the water
supply from these is small and may fail altogether after a
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time. Surface wells in the drift fluctuate with the seasons and
very few farmers depend on them.

In the rock formations below the drift water is obtained by
the deeper wells, many of which have been sunk in recent years.

SPRINGS.

Springs of any considerable size are not known in the county.
Those that do exist are merely seepage flows from the drift de-
posits.

CITY AND VILLAGE SUPPLIES.

Grundy Center—The water supply of Grundy Center (popu-
lation, 1,354) is obtained from a well 469 feet deep, drilled in
1897 (?) by P. Pfiffner, of Traer. The well is eight to four
- inches in diameter and is cased to the bottom. The water level
is 80 feet below the curb.

The strata penetrated are indicated by the following log:

Driller's log of city well at Grundy Center.

‘Thlckness. Depth.

Pleistocene: ! Feet Feet

Clay, yellow 10 | 10

Clay, blue, and some water-bearing sand 180 | 190
Carboniferous (Mississippian):

Limestone 5 195

Shale, some water. 4 199

Limestone __ 6 205

Shale, some water 80 285
Devonian: |

Limestone 184 480

The water is distributed by gravity, under a pressure of 56
pounds, through 0.26 mile of mains, to 21 fire hydrants and 120
taps. About 600 people use the supply. It is reported that
about 5,000 gallons are used daily. A larger supply might be
obtained by sinking wells through the Devonian and Silurian
limestones to the Maquoketa shale (Ordovician), which here lies
675 to 725 feet below the surface. The Galena and Platteville
limestones would also probably yield some water. The Saint
Peter sandstone should be reached at 270 to 350 feet below sea
level or at a depth at most of 1,325 feet below the surface. Prob-

ably these formations would give sufficient water for the needs
53
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of the town for many years, but a large supply may be had from
the Prairie du Chien stage and the Jordan sandstone, which
would be reached by a well a little more than 1,800 feet deep.
The water should be of good quality.

Reinbeck.—The town well at Reinbeck (population, 1,205), 339
feet deep, yields a good supply of hard water.

The section reported by the driller is as follows:

Driller’'s log of Reinbeck town well.

Thickness. | Depth.

Feet | Feet
Clay, yelOW oo 4 4

Clay, blue, and sandy beds; water . oo o 225 220
. Shale ___.__.__ - 20 249
Limestone; WARer oo oo e e - 90 339

]

The water is pumped by steam pump and is distributed under
gravity pressure of 43 pounds through three miles of mains to
13 fire hydrants and 140 taps. About 700 persons are supplied;
‘the daily consumption is estimated at 24,000 gallons.

WELL DATA.

Information concerning typical wells in this county is pre-
sented in the following table:

Typical wells of GQrundy County.

8 “2 2 R k
; - o | emarks:
Qper Lneation | & v 2 (Logs given in feet)
= = 2 o2
= = gk &5
o [ oo Lo
S /| @ o
[ |
N . | Feet | Feet Feet )
Geo. Finluyson..._!'7 miles north of| 242 202 Limestone.| 60 |Pumped by windmill. Yei-
Morrison. | low clay, 12; sand (some
water), 190; shale, 20;
limestone and water, 20.
Henry Muller __.___ 15 niles southeast of| 580 | 200 [ do ...l 60 ‘|Yellow clay, 8; blue clay
full of pebbles in sand

i Grundy Center. |
’ layers, 192; limestone,

| some sandy, 377; shale,

%; limestone and heavy

!
| flow of water, 2. Pump-
| | | ed by windmill.
John Gange _______ 3 miles east of Rein-| 273 | 140 |.__..do ._._|100 | Black soil, yellow clay
beek. | | and blue shale with some
| | sand beds and water,
| 140; shale, dark hard
rock, and iron pyrites,
60; limestone and water,
|

18 to 20.
L. G. Benken...._. 3% miles northeast 344| 277 |Sandstone_| 140 [Yellow eclay, 37; blue clay,
of Grundy Center. | | and some sand, 220;

sand and much water,
| | 20; shale, 60; sandstone,
' red, 7.




UNDERGROUND WATERS OF THE CENTRAL DISTRICT 835

Typical wells of (rundy County—Continned.

I3 & {
o = =
‘ Bl o g
‘ner ati = < 5] Remarks:
Owner Location e g e 2| Logs given in ftet)
S 8 e =% |
& el es el
: Feer | Feet Feet | i o
Mickley Bros. .___|6 miles southeastsf| 152 146 |Gravel____. 70 Enters limestone 6 feet.
Ackley.
S. Sinneng ... 4 1miles southeast of| 893 | 215 [No water-_ ... Abandoned. Yellow clay
Ackley. and sand, 32; yellow
clay, 58; blue clay, 70;

hardpan, 10; yellow clay,
| 20; blue clay, 18; black
] clay, 7; sand rock (yel-

| low), 2; soapstone or
[ | hard shale. 33; soapstone
| or soft shale, 6; soft
soapstone or shale, 85;
very hard blue shale, 60.

GUTHRIE COUNTY.
=
BY 0. E. MEINZER AND W, M. NORTON,

TOPOGRAPHY.

The topography of Guthrie county is of two strikingly dif-
ferent types. South and west of Middle Raccoon river the old
loess-mantled Kansan till lies at the surface and is thoroughly
dissected and perfectly drained; northeast of that stream the
much younger Wisconsin till overlaps the Kansan and presents
a typical gently mndulating drift plain, almost untouched by
stream erosion and hence poorly drained, marked with abund-
ant ponds, swamps, and sloughs.

GEOLOGY.

Several formations differing widely in age and character over-
lap in Guthrie county, making the geoclogy peculiarly interest-
ing and the ground-water conditions more varied than in most
of the other counties of the state. The oldest rocks exposed are
of Carboniferous age and belong to the Des Moines stage of the
Pennsylvanian series, which underlies the entire county, with
a thickness of several hundred feet, consisting of shale alternat-
ing with numerous thin beds of limestone, sandstone, and coal.
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Near the south margin of the county the Des Moines is capped
by the basal limestone of the Missouri stage, also of the Penn-
sylvanian series. Upon the eroded surface of these old forma-
tions lie Cretaceous sandstones and shales, well developed and
nearly continuous in the western half of the county, but thin or
entirely absent in the eastern half. Finally, Cretaceous and
Carboniferous alike are in general deeply buried beneath the
glacial drift. ;

UNDERGROUND WATER.

SOURCES.

The Pennsylvanian series includes some sandstone strata
that yield moderate amounts of mineralized water under suf-
ficient head to rise nearly or quite to the level of the deepest
valleys, but these sandstone strata are so scarce and so readily
give place laterally to impervious beds that attempts to tap
them are very liable to failure.

In the western half of the county the Cretaceous is a fairly
reliable aquifer, but in the eastern half it is commonly too thin
and irregularly distributed to be of consequence. In the former
section it is found with considerable regularity about 250 feet
below the upland surface, and its less cemented beds supply
water freely, though the water is not under much pressure and
does not rise many feet in the wells. Wells of four inches or six
inches diameter with independent pumps are more successful
than two-inch ‘“tubulars.’”

The upper part of the Kansan drift is sufficiently porous to
allow a slow seepage of scanty water to wells of large circumfer-
ence. Associated with this drift are also beds of sand and gravel
whose value as water bearers is entirely different where the
Wisconsin drift is present from that where it is absent. Where
it is absent, they are either drained or contain water under slight
pressure only, and hence do not generally supply drilled wells;
where it is present, they are charged with water under sufficient
pressure to flow freely into a drilled well and to fill it nearly to
the top or even to rise above the surface. The village well at
Stuart (p. 841) is supplied from a bed of sand beneath Kansan
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till. Its head is low and its yield not great, but if this same bed
of sand occurred in the area of Wisconsin drift the water would.
be under much greater pressure, would rise much higher in the
well, and could be recovered at a much more rapid rate.

PROVINCES.

In respect to ground water the county is divisible into three
provinces—one in which the Wisconsin drift is at the surface,
one in which the older loess-covered Kansan drift is at the sur-
face and is underlain by water-bearing Cretaceous beds, and one
in which the older drift is at the surface and is not underlain
by water-bearing Cretaceous beds. Very roughly, the first prov-
ince may be said to comprise the area northeast of Middle Rac-
coon river, the second the western part of the area southwest of
that stream, and the third the eastern part of this last area.

The first province has the most favorable ground-water con-
ditions. The porous parts of the drift are saturated almost to
the surface and flowing wells are frequently obtained, as, for
example, in the village of Bagley and in Richland township, be-
tween Yale and Herndon. Water-bearing beds are likely to be
encountered at any level in the drift, and many of the flows come
from wells less than 100 feet deep. :

In the second province seepage from the drift is largely relied
on, but the drilled wells go to the Cretaceous and obtain supplies
that are not influenced by drought. In the third province the
Cretaceous is lacking, shallow drift wells are everywhere in use,
and successful drilled wells are scarce.

CITY AND VILLAGE SUPPLIES.

Bagley—In Bagley (population, 488) there are 12 or more

~ flowing drift wells. A public system of waterworks has recently

been installed.

Guthrie Center—The public supply of Guthrie Center (popu-
lation, 1,337) is derived from seven wells located in the valley
12 feet apart. The wells consist of 314-foot holes dug through
sand and other loose materials to the Cretaceous bedrock at a
depth of 28 feet, below which they are drilled to a gravelly
stratum at about 50 feet. The water rises within 18 feet of the
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surface and the pumps are placed about eight feet below the
surface and draw by suction from all the wells simultanecusly.
Pumping at the rate of 200 gallons a minute for several hours
produces no noticeable effect except temporarily to lower the wa-
ter level somewhat. The wells are finished with open ends and no
difficulty with sand has been experienced. The water is only
moderately hard and is preferred to the shallow well water.
There are two standpipes situated on high ground, and about a
mile of mains connect with an extensive system of smaller pipes
leading to about 300 points of consumption. The water is used
by nearly the entire population and also by the railway com-
pany for locomotive supplies. According to the records, the
average daily consumption in 1908 was only a little less than
60,000 gallons.

The Mississippian limestones would probably yield a small
supply of highly mineralized water under a head sufficient to
bring it within easy pumping distance of the surface. Other and
presumably better supplies can be had in the heavy beds of lime-
stone which intervene between the Mississippian and the Saint
Peter sandstone, but, as in all limestone beds, the water will oc-
cur in crevices and solution passages whose depth can not be
predicted and which may not be struck by the drill. Guthrie
Center is 1,077 feet above sea level; the Saint Peter sandstone
probably lies about 1,000 or 1,100 feet below sea level, or about
2,100 to 2,200 feet below the surface. The water from this bed
and other beds above may together bé enough for the town sup-
ply. Unfortunately, little information is available as to the
water beds below the Saint Peter in this area. Apparently the
subjacent sandstones are less well defined than in eastern Iowa,
but a well sunk 2,750 feet below the surface should test their
capacity and would probably obtain a supply adequate to a town
of 2,000 people.

Herndon.—Little except the depth is known concerning the
Chicago, Milwaukee & St. Paul Railway well at Herndon. It
was drilled by W. H. Gray & Brother of Chicago to a depth of
1,700 feet (?) from a curb elevation of 1,062 feet above sea level.
The well does not appear to have found water. The record of
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the strata, as made out from drillings furnished to the United

States Geological Survey, is as follows:

Record of strata in Chicago, Milwaukee & St. Paul Railway well al Herndon.

Thiek- | Depth.
ness.
\
Feet | Feet

No samples - - 634 | 534.
Shale, drab, caleareous; a few chips of limestone and a little white chert________ 20 564
Shale, drab 20 674
Shale, greenish; 2 samples 40 |- 614
Shale, blue ...__ - e e 20 634
Shale, green, slightly calcareous R, 20 854
Limestone, blue-gray: in small chips; effervescence slow; some shale from above 20 674
Limestone, light blue-gray; crystalline; in large flaky chips; moderately rapld

effervescence; 2 samples - 40 714
Limestone, blue-gray; eflervescence slow; 5 samples.__.___ - 100 814
Limestoxie, blue-gray; slow eflervescence; some c¢hert_____ ..o oo _______ 20 | 834
Limesto and shale; limestone, light blue-gray, with slow eflervescence; shale, |

hard, dark Blue ___________.____._________.__ 20 | 854
Limestone, blue-gray and bufl:slow effervescence_____________ . __________ 20 874
Limestone, light buff; slow effervescence; in chips; 126 1,000
Limestone, drab; slow effervescence; 2 samples___________________ 50 1,050
Limestone, buff; slow effervescence; drillings contain an unchipped flshtooth (of

Mississippian age) apparently from same higher horizon - 25 1,075
Limestone, buff, crystalline; slow effervescence; 2 samples. oo oooo—ee__ 50 1,126
Limestone, blue-gray and buff; slow eflervescence__. 26 1,150
Limestone, drab; slow efferveseence.____ ... __ . . .. 25 1,176
Shale or marl; highly caleareous; much anhydrite; in concreted powder_. 26 1,200
Limestone, hard, drab; slow effervescence; 2 samples. —— 50 | 1,250
Shale, drab; facles of Maquoketa shale; 8 samples .o—.oo—.o__._. % 1,326
Shale. light yellow, highly calcareous; in concreted powder; 3 samples______________ ) 1,400
Limestone, white; but drillings stained with ferruginous films so as to be buff in :

mass; in fine sand; slow effervescence; with conslderable chert and crystalline

quartz in irregular grains and with some secondary enlargements.._.___....._. 25 1,425
Limestone, white, crystalline; slow effervescence; drillings stained deep ocher- °

yellow; In flne sand 25 1,450 -
Ohert, in small chips; white and gray. - 25 1,476
Ohert and shale, blue; In large concreted mass 25 1,600
Limestone and chert; in flne sand; buff in mass; efferveseence slow_______ . .. __ 25 1,625
Limestone and chert; as above; some microscopic quartz partleles and some fm-

perfectly rounded small quartz gralns .o e 25 1,560
Limestone, argillaceous, or shale, calcareous; white; in conereted masses; gritty

with lime particles; residue argillaceous and sillceous with microscopic crystal-

line quartz —— 26 1.575
Limestone, gray; in fine chips; slow effervescence; much gray chert. oo 25 1,600
Limestone, buff In mass, in fine sand; much chert; residue of microsecopic erystal-

line quartz; 2 samples ... 40 1,640
Limestone and shale; limestone, dark drab, argillaceous, crystalline to earthy,

slow effervescence; shale, in chips, hard, green, flssile - 20 1,660
Limestone and shale; llmestone light buff or gray, ecrystalline to earthy; rapld

effervescence; in fiaky chips; sbale as above. 20 1,680
Limestone, gray and buff; rapid eflervescence; in sand; some drab flint and

minute Imperfectly rounded grains of quartz__._.__ 20 1,700

Analysis of rock from depth of 794 to 814 feet in railway well at Herndon.!

99.49

Made inizhemlcal laboratory of Cornell College, Mount Vernon, Iowa.
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The National Refining & Manufacturing Company well at
Herndon has a depth of 895 feet and a diameter of 13 to 8 inches.
The curb is 1,052 feet above sea level and the head 60 feet below
curb. The water comes from 20 feet, 165 feet, and between 720
and 895 feet, in rock reported as ‘‘honeycombed limestone.”’
Date of completion, 1908. The water is heavily charged with
sodinm and foams so much as to prevent its use in locomotive
boilers.

Record of strata in Nationcl Refining & Manufacturing Compeny well at

Herndon.
Thick- | Depth.
ness.
Feet | Feet
Unknown 20 20
Till, blue, clayey. 115 135
Sand, gray; grains angular, almost loessial in flneness, with some coarser; this is
the “gas sand” of the region and blows out with the gas by the wagonload
when not drowned with water 10 145
Sand, yellow, coarse, and gravel, glacial 15 160
Sand, orange, coarse 10 170
Shale, blackish, flssile 90| 260
Shale, rec. 10 | 270
Limestone, argillaceous and finely arenaceous, dark buff or drab; rapld eflerves-
cence; and chert, dark drab, with much chalcedonic silica in large chips and a
little drusy quartz; chaleedony reported as “water granite’”_____.______.____.__. 10 | 280
Limestone, drab, highly argillaceous, microscopically quartzose; with chert and |
chaleedony; shale of same color, caleareous 25 305
Chert, dark drab and blackish; highly conchoidal fracture; a little milky white
translucent chalcedony 55 860
Limestone, gray, highly argillaceous; milky white chalcedony and white chert__ 30 890
Limestone, blue-gray; rapid effervescence; argillaceous; crystalllne-granular; much
white chalcedony 0 420
Limestone, almost white, coarse, crystalline-granular and limestone, light eream-
colored, sott, In flaky chips; effervesecnce rapid, considerable blue-gray flint 10 430
Limestone, dark buff and drab, finely erystalline; effervescence moderately rapid:
with embedded, Irregular, mlnute masses of blue fiint; residue contains minute
grains of quartz. i 10 440
Limestone, whitish, macrocrystalline, soft; rapid effervcscence; some joints of
crinofd stems and oolites or perhaps tests of foraminifers almost too minute
to be seen with naked eye 160 600
Shale, green, plastic, flssile, noncaleareous. 20 620
Dolomite or magnesian limestone, bluc-gray, hard, suberystalline; effervescence |
slow 20 640
Shale, pinkish gray, slightly caleareous 15 655
Limestone, magnesian, blue-gray, suberystalline; effervescence rather slow; 2
FAITRINSL s it o e 40 695
Limestone, yellow-gray, hard, fine-grained; some lithographle, subconcholdal
fracture; rapid efferv 25 | 720
No samples 175 895

The sets of drillings from the two wells at Herndon are, for-
tunately, complementary and afford a fairly complete section.
It will be noted that the Chicago, Milwaukee & St. Paul Rail-
way well stopped near the summit of the Saint Peter sandstone
in shale resembling much the Decorah shale. Had drilling been
carried a few hundred feet farther into the dolomite of the
Prairie du Chien stage, an abundant water supply would prob-
ably have been obtained.
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Geologic section at ﬁerndon.

Well of National Refining & Manufacturlng Company.
( )
| Elevation

Geologic Division. Thickness.| above sea
level.

Feet Feet
180

|
Pleistocene scries ; 882
Des Moines stage | 100 782
Saint Louils limestone and Osage stage ! 254 | 628

Weli of Chicago, Mllwaukee & St, Paul Railway Company.

Kinderhook shale | 120 408

Devonian (?) and Silurian 590I —182
Maqguoketa shale 75 | —-257
Galena and Platteville limestones. -_____A| 381| 438

Panora—The public well at Panora (population, 1,080) is 16
feet in diameter and 40 feet deep and ends in sand. At present
it furnishes about 9,000 gallons a day, but its maximum capacity
is much more than this amount. The water is pumped by means
of water power transmitted through an electric current. It is
lifted into an elevated tank and is thence distributed by gravity
through about two miles of mains to 10 fire hydrants and 75 taps.
It is used by perhaps one-third of the people.

Stuart.—The well that furnishes the public supply of Stuart
(population, 1,826) is six inches in diameter and 92 feet deep.
It is on the upland, extends through clay, and is finished with
an open end in a bed of sand or gravel from which the water
rises to a level 76 feet below the surface, or 1,130 feet above sea
level. With the cylinder placed three feet above the bottom, the
well has been pumped continuously for three weeks at 16 to 20
gallons a minute; this rate of pumping lowers the water to the
bottom of the cylinder and the well can by no device be made
to yield more. Wells ending with screens in the same bed of
sand were at first used, but the screens became clogged and the
wells were lost. The water from this source is of good qual-
ity, though it contains considerable calcium carbonate, which
gives it a temporary hardness. (See analysis, p. 190.)

The waterworks include a small tank set on a low tower and
connected with about one-fourth mile of mains. In spite of



842 UNDERGROUND WATER RESOURCES OF IOWA

the small service, the consumption at present approaches the
maximum capacity of the well. As the system is inadequate
in pressure, reserve of water, and extension of mains for fire
protection, a number of large wells have been dug in different
parts of the town and a portable fire engine is kept in readiness.

HAMILTON COUNTY.

BY W. J. MILLER AND W. H, NORTON.

TOPOGRAPHY AND GEOLOGY.

The surface of Hamilton county shows the topograpily char-
acteristic of the Wisconsin drift areas and is for the most part
so flat and poorly drained that ponds and lakes are numerous.
In the northeastern part of the county this topographic monot-
ony is somewhat relieved by the valley of Boone river. South
Skunk river, which rises in the east-central part and flows south-
ward, is the only other stream of any importance.

The drift sheets, Wisconsin and Kansan, which extend over
the whole county, rest on Carboniferous rocks belonging to the
Des Moines stage of the Pennsylvanian series except in the small
area along Boone river from Webster City northward, where
they are underlain by the Mississippian.

As a rule the drift deposits lie flat except along Boone river,
where they follow the slopes toward the stream bottom. The
deep rock formations show little or no variation from the hori-
zontal. (See Pl VI, p. 310.)

UNDERGROUND WATER.

SOURCES.

By far the greater number of the wells in Hamilton county
obtain water from the Pleistocene deposits, which here contain
two principal water beds of about equal importance—one 1n
sand or gravel beneath the Wisconsin drift, and the other in
sand or gravel beneath the blue clay of the Kansan drift. Well
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data indicate that the depth to the gravels beneath the Wiscon-
sin drift ranges from 90 to 120 feet below the ground surface.
Many wells, however, fail to find water at this horizon and must
be sunk deeper. The sands and gravels beneath the Kansan
drift are reached at depths of 150 to 200 feet. They are lacking
in but few places and form the most satisfactory aquifer in the
Pleistocene deposits. In some wells, however, the water is not
good because charged with organic matter. Some wells appear
to derive their supply from local sand or gravel pockets within
the drift sheets, but such supplies often fluctuate or even fail.
Little dependence is placed on very shallow surface (dug) wells.
A few wells obtain water in the older rock formations—Ilime-
stones or sandstones—the water coming from different depths.

Along the bottoms of the principal streams the water is un-
der sufficient head to overflow at the surface. A number of
flowing wells are located along Boone river, as, for example, the
thirteen wells owned by Webster City. Other flowing wells are
found along South Skunk river in the southeastern part of the
county. As far as could be learned the water in these wells
comes from the sands and gravels beneath the blue clay of the
Kansan drift, since the Wisconsin drift sheet in the localities
named is thin or absent. $

SPRINGS.

In the high level parts of Hamilton county springs are almost
entirely lacking, hut a few emerge from drift deposits along
Boone river.

CITY AND VILLAGE SUPPLIES.

Jewell—The public water system of Jewell (population, 941)
is used only for fire protection and by business houses. The
water is pumped by steam and is distributed under direct air
pressure of 50 pounds through three-fourths of a mile of mains
to 12 fire hydrants and 18 taps. The water is hard.

Webster City.—The water supply of Webster City (popula-
tion, 5,208) is obtained from 13 wells, ranging in depth from 90
to 110 feet, ending in gravel beneath the blue clay of the Kansan
drift. (See Pl. VI, p. 310.)
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The water is distributed under pressure of 55 pounds through
six miles of mains to abou' 350 taps. For fire protection pres-
sure can be increased to 150 pounds. About 1,600 people use
the supply, which is ordinarily sufficient.

The gas company well has a depth of 1,250 feet and a diam-
eter of eight to six inches; casing to or near the bottom. The
curb is 1,048 feet above sea level, and the head 16 feet above the
curb. The water comes from 675 feet and 1,200 feet, and the
original flow was 70 gallons a minute. The well was completed
in 1888. The water has both the odor and taste of sulphur and
so rapidly corrodes iron that the best galvanized pipe with-
stands it for only about two vears. For these reasons the well
has never been used except to supply a public watering trough.

Record of strata in well at Webster City (Pl. VI, p. 310).

‘Thiclmess. Depth.
Yeet Feet
Soll, clay, sand, thin layers of rock, etc. o 180 180
Limestone, light yellow: earthy luster; much quartz sand, yellow, pink, and
black, grains imperfectly rounded. 20 200
Limestone, light gray, soft, earthy, in flaky chips; fossiliferous. 150 3560
Shale, Dblue 10 360
Limestone, dark drab; mottled with white ealcite; erystalline. . ___________ 100 460
Limestone, magnesian, hard, brown, crystalline__.__ 40 50N
Shale, calcareous, dark gray, siliceous; mieroscopic particles of quartz__._.____ 20 520
Dolomite or magnesian limestone, dark brown, compact crystalline____.._____ 20 650
Limestone, dark blue-gray, erystalline; efferveseence slow.. . _..______._ 45 695
Limestone, light yellow-gray, soft, erystalline; effervescence slow. &5 850
Liiglommi-e" oF i ETeElan. IR estone, e e s e e e L8 30 630
Limestone, light gray, saccharoidal 95 775
Limestone, close-grained, blue-gray - 45 820
Limestone, brown, ecrystalline 60 880
Limestone or shale, highly argillaceous, blue-gray; white concreted masses of
anhydrlte powder 120 1,000
Shale, drab, ecalcareous 5 1,075
Limestone, magnesian, brown, erystalline 15 1,090
Limestone, in pure, white, crystalline sand 40 1,130
“Limestone (?), pure white'”; no sample 120 1,260
Limestone, light buff; in fine sand il 1,250

- e — .

The record given above is based on but 20 samples and en-
tries, and is difficult to interpret. The Mississippian probably
extends to the base of the shale at 520 feet (528 feet above sea
level). No line can be drawn between the Devonian and Silurian,
and the latter seems to include the anhyvdrite-bearing limestone
and shale, stated to extend from 880 to 1,000 feet, the 75 feet
of subjacent shale falling in with the Maquoketa shale. From
1,075 feet to the bottom of the well the drill seems to have been
working in the Galena and Platteville limestones. Had the
drilling been continued 150 feet deeper the Saint Peter sand-
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stone would probably have been struck, and 400 to 600 feet
deeper the creviced limestones and the sandstones which yield
the chief supply for the Towa wells would have been tapped. A
well about 1,850 feet deep would have given a largely increased
yield of much better water, the sulphate content being greatly
lessened. Henece the failure of the well to get a good water
need not deter other enterprises.

WELL DATA.

Information in regard to typical wells in Hamilton county is
presented in the following table:

Typical wells of Hamillon County.

] & o
e
; S 25 Remarks:
Owner Location A ; g ::g (Logs given in feet)
AN ST
a (=1 1] fur|
Feet | Feet Feet
Peter Nelson ————___ el - oo 108 | None/Sand or —30
gravel.
Peter House —————__ 3% miles northeast| 183 | 1167 Limestone.| —40
of Jewell.
0ls "Litre- - _=-c 6 miles southwest 328| i) B —50
of Jewell. | i
E. Challey oo 2- miles South of| 95 [None Sand and | +15 [Flowing well. Blaek sgoll,
Jewell. | gravel. i5; yellow clay, 15; blue
i i clay, 30; blue clay, put-
ty-like, 15; sand and
| gravel, 30.
A. Bloom oo 7 miles northeast| 295 105 Limestone_| —35
of Jewell. |
0. Brudos oo 6 miles southeast of| 155 None Gravel._._ —26

J. E. Olmstea

(c =,

M. Fahoney .__._.-

Jos. Weleh. .

G. Robinson

S. Bateman -

M. H. Brinton.____

Lars Severson ....

N. E. Waugh

Starhope.
ster City.

2 miles northeast of

Duncombe.

2 miles north of
Homer.

2 mijles west of
Blairsburg.

2 miles south of

Webster City.

Ellsworth . ___—eo

northwest
of Radcliffe.

6  miles

1 mile west of Web-|

|3% miles north of
| Roland.

181 | 181 |..-- do —---]

176 None ..__do .___
181 Nonel---- do -__

!

167\ (§3)
68 | None

91 | None
240 | 162
108 30

Sand and
gravel. |

Limestone.
|

—50 Black sofl, 4; yellow clay,
' 14; blue clay, 83; yel-
low clay, 40; black muck
with leaves, ete., 40;
< | gravel; limestone.
—34 i

—30 Blaek soil, 4; yellow clay,
10; blue clay, 16; sand

and some water, 3;
“hardpan” (hard blue
elay), 17; sand and

| some water, 50; tough
black elay, 75; sand and
gravel and water, 6.
—40 ‘Water bed at 156 feet.

+25 |Flows 10 gallons per min-
ute; pumped by steam.
Yellow sand, 8; blue
clay, 27; sand and water
(flow 30 gallons per min-
ute. but too mueh
sand), 3; blue clay, 28;
gravel and water (flow
10 gallons per minute).
+14 |Flows 10 to 15 gallons a
minute.

—45

+25 |Flows 13 gallons a minute.
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HARDIN COUNTY.

BY W. J. MILLER AND W. H. NORTONX,

TOPOGRAPHY AND GEOLOGY.

An area of loess-covered Kansan drift in the southeastern
part, a smaller area of Towan drift in the northeastern, and a
much larger area of Wiscongin drift in the western parts are
the controlling factors in the topography of Hardin county.

The surface of the Kansan drift area is well drained. The
larger streams have depnsited some alluvium, and their tribu-
taries have cut well back toward the divides. The Towan area
is part of the great Towan drift plain and is comparatively flat.
The Wisconsin drift area comprises more than four-fifths of the
entire county. Its easterm margin is marked by a chain of hills
and knobs that rise 30 to 60 feet above the adjoining uplands.
Back of this ridge the general surface is characteristically a
plain, marked by many saucer-like depressions and knoblike
eminences. Drainage lines are few and broad areas are almost
wholly undrained.

The most striking feature of the eastern part is Iowa river
channel, which has been eut down well below the general level.
In the viecinity of Iowa Falls, Towa river cuts through ledges of
solid limestone. FKxcept very locally along Towa river, where it
has been eroded away, the Kansan drift sheet is probably pres-
ent throughout the region, extending beneath the Iowan sheet
in the northeastern part and beneath the Wisconsin in the west-
ern.

From the northern part of the county to a little south of Iowa
river, and probably also in the extreme southeast corner of the
county, the drift rests on limestone belonging to the Mississip-
pian series of the Carboniferous. (See P1l. VI, p. 310.) Through-
out the remaining and larger part of the county the underlying
rock 1s the shale or limestone of the Des Moines stage of the
Pennsylvanian series.
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The drift formations lie in general nearly horizontal; the
underlying rocks show a slight westward dip.

UNDERGROUND WATERS.

SOURCES.

The most important and persistent aquifer in the drift de-
posits of the county appears to be the sand or gravel beneath
the blue clay of the Kansan drift. As the drift formations vary
in thickness from a few feet to a maximum of 300 feet, this
aquifer may be found at any depth up to 300 feet; nearly every-
where, however, it lies between 100 and 200 feet.

The next most important aquifer in the drift is the sand or
gravel heneath the Wisconsin drift. Well data indicate that
this aquifer, where present, lies at a depth of less than 100 feet.
In many places, however, the sands or gravels are absent or they
do not yield sufficient water.

Some wells obtain water from local sand or gravel pockets in
one or the other of the blue clays, but such supplies are rarely
satisfactory. Nearly all the very shallow surface (dug) wells
show seasonal fluctuations.

Some wells have passed through the drift into the shales,
sandstones, and limestones below, obtaining water from the
limestones and calecareouns sandstones.

Many wells sunk in the depressions obtain water under suffi-
cient head to flow at the surface. All such are comparatively
shallow, ranging in depth from 25 to 75 feet; their water comes
from sands or gravels, thought to be at the base of the Kansan
drift, below a blue clay, which acts as a retaining layer. Such
local basins are found in the western portion of the county along
the more important streams between Iowa Falls and Hubbard.
A number of wells along Rock Run near Iowa Falls and others
southwest of Towa Falls in the vicinity of Buckeye and Cottage
yield flowing water.

Several wells obtain flows from the underlying rock forma--
tions; for example, the city well of Iowa Falls and a well three
and one-half miles west of Hubbard.
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SPRINGS.

Many springs emerge from both the drift and the underlying
formations along the course of Towa river. The water of the
springs north of Eldora comes from the Coal Measnres and
carries iron and sulphur. Small springs are common along
other streams, especially in the local artesian well basins.

The Siloam mineral springs, owned by Mr. E. . Cannon, of
Towa Falls, are on Maplehurst farm, one and one-half miles
northwest of Towa Falls. The springs emerge near the stream
bottoms along a small branch of Towa river, and the water ap-
parently comes from limestone, which is here near the surface.
The water is used both for drinking and as a medicine. Abont
50 families in Towa Falls are supplied.

CITY AND VILLAGE SUPPLIES.

Ackley.—Two wells are owned by the city of Ackley (popula-
tion, 1,244), one 2,032 feet deep, the other 119 feet deep. The
deep well, which was put down some time prior to 1894, was
abandoned because it did not yield sufficient water. The curb
of this well is 1,110 feet above sea level; the head is reported to
have been 82 feet below the c¢urb, or 1,028 feet above sea level;
another report gives the head as 25 feet below the curb. Water
was recorded as occurring 50 feet from the top; other veins were
not recorded. The strata penetrated are indicated by the follow-
ing section:

Record of strata in city well at Ackley (Pl VI, p. 310).

Thick- | Depth.
ness.
Quaternary (100 fect thick; top, 1,110 feet above sca level): 1 Feet Feet
Alluvium, or driff ‘ 100 100
Carboniferous (Mississippian): 1
Kinderhook stage (207 feet thick; top, 1,015 feet above sea level)—
Shale, flne, blue, somewhat calcarcous; 2 samples. 356 ) 136
Limestone, coarse, bufl, vesicular. 5 | 140
Shale, blue, fine, slightly calcareous; 2 samples ‘ 23 183
Sandstone, fine, bluish white, friable ! 163
No samples | 62 225
Shale. fine, blue, slightly calcareous; 3 samples \ 85 | 260
Sandstone, fine, bluish white, friable_____ | B 265
Shale, blue-gray; with black ferruginous coneretions; caleareous...—-—-—- 25 | 200
Shale, fine, blue, somewhat calcareous 17 307
sDevonian (328 feet thick; top, 803 feet above sea level):
Limestone, magnesian, light buff, highly pyritiferous; contains a little chert 13 320
Shale and limestone; shale, blue, ealcareous, with a few particles of black
carbonaccous shale; limestone, blue, argillaceous, some gray and purer, |
fossjliferous _ 15 335
Limestone, dark gray, magnesian, at | 335

No.-sataples. . o Tae e e e e T e L 65 400
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Record of strata in city well at Ackley—Continued.
Thick- | Depth.
ness.
; TFeet | Feet
Limestone, argillaeceous, nonmagnesian; small fragment of brachiopod resembl-
ing Atrypa reticularis Tinm _._ . __._ fes s 10 410
Limestone, light gray; some green shale, at 410
No samples . 50 460
Limestone, light gray 13 473
leestone light yellow-gray, argxllnceous and slightly siliceous, at___________. | cceo___ 473
No samples 27 500
Limestone, blue, argillnceous; 2 samples s 70 570
leestone brown, cllghtlv magnesian; 3 samples G5 G35
Silurian (180 feot thlck top, 475 feet ahove sea level):
Limestone, magnesian, light brown; 30.74 per cent MgCO,, at 835
No snmples 95 730
Dolomite, brown and bufl; muech white chert; 5 samples 27 757
Dolomite, light gray; some chert___._.___ =L ) 759
IR i, - 5 el - e e s o e e L 38 o7
Dolomite; with green shale and chert; 3 samples . . coo o_____ 18 815
Ordovician:
Maquoketa shale (160 feet thick; top, 295 feet above sea level)—
Shale, green 60 875
Dolomlte brown, hard, hrrty 2 smnples 0 904
Dolomite and shale dark drab much green shale in drillings 915
Dolomite and shale; chiefly shale e 915
No samples £ 940
Shale, green and buff; in cuttings, as if washed; 2 samples._______________ 35 975
Galena and Platteville limestones (385 feet thick; top, 135 feet above sea levd)—-
Limestone, light gray, cherty; 2 sample: 40 1,015
Lxmestone, light gray, soft; fossiliferous at 1,205, 1,230, and 1,238 fect; 10I -
samples .__ 2y | 1,250
Limestone, light buff, dark gray, and light gray; 3 samples__._______..._. 50 1,300
leestone highly argll.laceous, fine blue-black calcarcous sand, highly
pyntxft.rous, with much clayey matter and minute particles of quartz___._ 251 1,325
Shale, green and bright green, indurated, slaty, highly pyritiferous; 8 “
samples 3| 1,360
Saint Peter sandstone (85 feet thick; top, 250 icet below sea level)— 7
Sandstone; grains white, well rounded, somewhat uniform in size; 3 samples 8 | 1,445
Prairie du Chien stage—
Shakopee dolomite (120 feet thick: top, 335 feet below sea level)— }
Dolomite, white, suherystalline, oolitic; much quartz sand, ato____la—__.__ 1,445
No samples 35 | 1,480
Dolomite: in fine, licht yellow neal 10 1,490
Dolomite; eonsiderable light green shale; much quartz sand_____ 10 1,600
Dolomite, buff; quartz sand and shale 5 1,505
Dolomite, white; some chert, quartz grains, and green shale; 2 samples 25 1,530
Dolomite, light yellow; a little quartz sand 10 1,540
Dolomite, hard, gray, subcrystalline; some sand grains. 8 1,548
Dolomite, white 2 1,550
Dolomite, hard, rough, light buil. 15 1,565
New Richmond sandstone (80 feet thick; top, 455 feet below sea level)—
Sandstone, calciferous; white, rounded grains; numerous minute chips
of dolomite L =2l 15 1,580
Sandstone; as ahove, but withh mueh less dolomite_ o . 15 1,595
Sandstone, light colored, friable; grains rounded and varying widely
in size, the largest reaehing 1 millimeter in diameter. s 15 1,610
Sandstone, light gray, hard, moderately fine-grained; much shale
(probnbly from abovc) nnd considerable dolomite. . ______ 25 1,635
Sandstone, white; grains rounded and resembling Saint Peter in general
uniformity of size; many from 0.7 to 0.9 millimeter in diamcter,
largest grain over 1 millimeter s 10 1,645
Oneota dolomite (175 feet thick; top, 535 feet below sea level)— [
Dolomite, bufl; drillings chiefly quartz sand 1 15 1,660
Dolomite; much quartz sand-- oo 13| 1,675
Dolomite; drillings chiefly quartz sand. If sand is native in this and |
the two samples ahove, the rock should be called ealciferous sand-
stone 10| 1,68
Dolomite, hard, gray, suberystalline, pyritiferous oo 3 | 1,720
Dolomite, light gray, at - 1,720
No samples __. | 100 1,820
Cambrian: |
Jordan sandstone (210 feet penctrated:; top, 710 fect below sea level)— |
Sandstone, white; flne-rolled grains with some dolomite sand and chert, at| _______ 1,820
Sandstone, ealciferous; mostly quartz sand, well rounded, rather coarse, |
some dolomite and grains ofi chert-oolite; somo quartz grains seen in ‘
dolomite matrix, at 1,950
Sandstone; as above grains reach 1 millimeter in diameter; detached grains
and chxps of sandstone with dolomitic matrix and minute cuttings of
dolomite, some arcnaceous, at. 2 2,000

5¢
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Chemical analyses of well drillings.®

Sample from depth of—

<35 feet ‘787 feet.t| 1,540 feet
I

AUk 60.45 60.97 50,96
MeCOs 80.74 34.86 43.82
30, 58 62 1.06
F PN Ae e 2.47
AlLOs 2.56 2.07 .59
Fe:0, 58 1 33
H;0 R ] 9
Total 100.27 99.99 l 100.02

The section of the shallower well, which furnishes the present
abundant supply of medium hard water, is reported by the
driller as follows:

Driller's log of Ackley city well.

‘Chiekness. ' Depth.

Feet Feet

Clay, yellow 10 10
Sand, yellow 2 12
Clay, blue 23 85
Sand 2 37
Clay, blue 8 | 45
Gravel and sand 19 84
Sandstone and water. 55 119

|

The water is pumped by an electric motor and distributed
by gravity under pressure of 40 pounds through four-fifths of
a mile of mains to 59 taps and 11 fire hydrants. About 300
people use the supply. The daily consumption is estimated at
10,500 gallons.

Eldora.—The public water supply of Eldora (population,
1,995) is obtained from two wells—one 200 feet, the other 250
feet deep—that end in limestone. The water stands 135 feet
below the curb and is pumped by steam to an elevated tank,
from which it is distributed under gravity pressure of 35 pounds.
For fire protection a pressure of 105 pounds is available. The
distribution system comprises three and one-half miles of mains,
30 fire hydrants, and 193 taps. Practically everybody uses the
city water, the consumption of which is estimated at 6,000 gal-

aChemical laboratory, Cornell College, Mount Vernon, Iowa.

bSilleca, which formed about one-third of sample In the form of chert, discarded
from analysis.
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lons daily. Long pumping is required to keep up the supply.
The water is medium hard.

The strata penetrated by the shallower well are indicated by
the following log:

Driller’s log of Eldora town well

Thickness.

Depth.
Feet Feet

Olay, yellow 30 80
Olay, blue 10 40
Black ‘“muek,” with logs 1 foot in diameter 20 80
Sand, yellow, and water. 8 68
QOlay, blue 40 108
Sbale, black 17 125
Fire clay = 1= 10 135

Limestone and water. 655 200

Eldora is 1,060 feet above sea level, and a deep well will reach
the base of the Kinderhook stage about 400 feet below the sur-
face. The drill will then pass through Devonian and Silurian
limestones in which some water may be found. A heavy dry
shale, the Maqnoketa, possibly exceeding 100 feet in thickness,
will be encountered at about 970 feet from the surface. Below
the Maquoketa the Galena and Platteville limestones may be
found to contain water, especially toward the base of the Platte-
ville. The Saint Peter sandstone, the first reliable water bed,
should be reached at about 1,500 feet from the surface, but to
obtain a large supply drilling should be ecarried 500 or 600 feet
deeper still through creviced limestones and porous sandstones,
which will yield an ample supply.

If a thoroughly water-tight casing is carried down somewhat
below the base of the Kinderhook stage, the waters from the
lower aquifers should make a very fair drinking water. The
quality of all inflows above the Saint Peter shcould be tested.

Hubbard —The town of Hubbard (population, 568) obtains a
good supply of medium hard water from a well 325 feet deep.
The water is pumped by gasoline engine and distributed under
gravity pressure of 30 pounds through one-half mile of mains
to 11 taps and seven fire hydrants. About 100 people use the
water. The daily consumption is estimated at 3,000 gallons.
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The strata penetrated by this well are indicated by the follow-
ing log:

Driller’s log of Hubbard well.

‘[Thlckness. Depth.

| Feet | Feet
Clay, vellow, and sand i %
Clay, blue ... ey 150 | 225
Clay, yellow, hard; with sand layers 95 250
Limestone ___‘ 25 275
Sandstone ___ 5 300
Limestone, white | 25 325

Iowa Falls.—The water supply of Iowa Falls (population,
2,797) is.derived from two flowing wells, one 276 feet, the other
240 feet deep. (See Pl VI, p. 310.) The water is pumped by
two steam pumps and distributed under gravity pressure of
55 pounds through four miles of mains to 300 taps and 31 fire
hydrants. About 1,700 people use the supply; the daily con-
sumption is estimated at 70,000 gallons. The water is hard. The
city wells end near or at the base of the Kinderhook stage (Mis-
sissippian). If a well is sunk below these shales, the drill will
first penetrate heavy limestones of Devonian and Silurian age,
which probably continue with little interruption to a depth of
about 850 feet below the surface, where they give place to the
Maquoketa shale (Ordovician), here about 150 feet thick. The
Devonian and Silurian limestones will probably yield some
water. Near their base thin beds containing more or less of
gypsum or anhydrite may be encountered, the water from which
should be cased out. The Maquoketa shale will of course be dry.
Below the Maquoketa shale will be found the Galena and Platte-
ville limestones, which extend to about 1,475 feet from the sur-
face and should contain considerable water under a head which
should bring it within easy pumping distance of the surface.
The water so far encountered will considerably increase the
present supply, but will not improve its quality, and the well
should be sunk to the Saint Peter sandstone or about 300
feet below that formation in order to obtain the large supplies
which are to be found in the deep formations. To obtain the
largest amounts of the best waters,.therefore, the well should
be sunk to a depth ranging from 1,900 to 2,100 feet. Analyses
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of the different waters will show which ones should be cased
out because of their poor quality.

Radcliffe.—The public water system of Radcliffe (population,
660) is obtained from two wells, the older 130 feet, the newer
951 feet deep, which vield a good supply of hard water.

The system is equipped with two steam pumps and the water
is distributed by gravity under pressure of 35 pounds through
two-thirds of a mile of mains to 40 taps and 11 fire plugs. About
half the population use the town water. The daily consumption
is estimated at 8,000 gallons. '

WELL DATA.

Information in regard to typical wells in
presented in the following table:

Typical wells of Hard&in Counly.

Hardin county is

N =
[ B [
= -t o=
: [ =] oY Remarks:
Owner Location = = =z (Logs given in feet)
b= £ 2 <50
a a = i)
& I o = CYE
a (=] 7] o
Feet | Feet Feet
Mr. Lake -————-—w--{3 miles east-south-| B&8 56 {Sand at 53|+ 2 [Flows good stream. Yel-
east of Buckeye. foet. low clay, 15; blue clay,
r 38; sand and water, 83
limestone (f), 2.
M. Thompson -—__- 2 miles north of} 250 | 250 |Drift sand-|—100 |Limestone under water-
New Providence. bearing stratum.
Mr. Bump ——ccceeee 5% miles south of| 172 | 160 {Sandstone.|— 80 |Yellow clay, 20; blue elay,
Iowa Palls. 97; sand, gravel, and
water, 3; blue eclay, 25;
0 sand, &; ‘“hardpan”
(tough yellow clay), 10;
sandstone (soft) or sand
and much water, 2; shale
6; limestone, 4.
J. B. Parmelee__..._1T. 88 N., R. 20 W. 56 | No | Sand and |+ 16 |Temperature, 47 degrees;
| rock | gravel. flows 80 gallons per min-
l ute. Black soil, 33;
sand, 2; blue clay, 353;
| fine sand, 33; blue elay,
[ sand, gravel, and wa-
| ter, 41
Fred Silas —_c-cue- 3 miles southeast of| 236 | 236 |Limestone-|-— 96 |Yellow clay, gravel, bowl-

Ackley.

ders, and sand at top;
blue clay and 1 foot
hardpan at depth of 90;
sand at 194; clay at 197;
rock (probahbly a bowl-
der) at 198; blue clay at

234; limestone and water
at 236.
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Typical wells of Hardin County— Continued

Remarks

Owner Location (Logs given in feet)

below curb

ply
Head above or

Depth to rock
Source of sup-

]

3]
3
«
[

State Industrial 1 mile west ol El-
Behool.

Limestone-}— 40 |Steam pump. y. Black soll,
dora.

i
J\ @ 8; yellow clay, 15; blue
[ ’ clay, 40; very soft coal
‘ (M, 7; sand, 20; wbite
clay, 4; sundstone, T4
black shale, 5; sandstone
and water, 5; white
clay, 2; black shale, 15;
| gray limestone and sand-
| | stone and water alter-
s nating, 130.
D. M. Leach . _. 2 miles southwest oil 245 | (?) |ilmestone.| —170/Water-bearing stratum at
Abbot ] ’ 239. Yellow clay (sand-
gtone and water, 10 feet),
| 15; blue clay, 35; yellow
clay, 40; blue clay, 107;
{ ! | hard rock (bowlder), 1:
blue clay, 36; hard sand-
stone (bowlder), 4; soft
| clay, 1; rock (bowlder),
| 1%; sandstone and much
\ water, 5.
Willilam Haynes ...|/Steamboat Rock _..! 285 | 225 |._... do -..-|—110 |Limestone, 40. Pumped
by windmill.
J. Smuek % miles north of| 70
“Hubbard.
Mr. Ledge 33 miles west of
“Hubbard.

) Ji sl T + 16 |Water in sand over rock.

298 |Limestone.|+ 1 Flowing well. Yellow clay,
1 15; blue clay and peb-

bles, 240; sand end
gravel, 43; limestone
_.and water, 52.

JASPER COUNTY.

BY HOWARD E. SIMPSON.

TOPOGRAFPHY.

Jasper county exhibits two distinct phases of erosional to-
pography. By far its greater part shows the well-drained, ma-
turely dissected surface of the Kansan drift sheet; the remain-
der, comprising a small area in the northwest corner of the
county, including most of Clear Creek township, the west half
of Poweshiek township, and the northwest quarter of Washing-
ton township, shows the imperfect drainage and level surface
of the latest drift sheet, the Wisconsin.

The area is drained chiefly through South Skunk river and
its tributaries, the larger streams flowing in a general south-
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easterly course. A small area in the southwest corner, how-
ever, is drained southward through the tributaries of the Des
Moines.

All the larger streams meander through broad, deep valleys
floored with alluvial deposits. The divides are also rather broad
and flat topped, showing less complete dissection than is char-
acteristic of the Kansan plain farther south and nearer the
larger rivers. The upland plain slopes gently southward from
a maximum of about 1,050 feet above sea level in the north and
about 950 feet in the south to 750 feet in the bottoms of the
greater valleys.

GEOLOGY.

The entire area of Kansan drift is covered by several feet
of loess, a pebbleless gray clay easily distinguished from the
drift clay. The latter is in places 100 to 200 feet thick and
contains much sand, gravel, and even bowlders, locally strati-
fied but generally unstratified. In the Wisconsin area the
bowlder clay overlies the loess, which in turn rests on the older
Kansan.

All of the larger stream valleys contain alluvial deposits of
interbedded silt, gravel, and sand, those in the valley of the
Skunk being especially deep and from one to three miles wide.

So far as known, the unconsolidated surface deposits of the
county everywhere rest on Carboniferous rocks belonging to
the Des Moines stage of the Pennsylvanian series. (See Pl
XV, p. 812.) Sandstones are more common in the shales of this
group than in counties farther south. These Coal Measures are
underlain in the northeastern part of the county by the Kinder-
hook stage, and in the southwestern by the Saint Louis limestone,
both of which belong to the Mississippian series.

UNDERGROUND WATER.

SOURCES.

The water supply of Jasper county is derived from alluvial
deposits, the loess, the drift, sandstones of the Des Moines stage,
sandstones in the Saint Louis limestone, and from deeper forma-
tions.
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Alluvial sands and gravels are important aquifers only along
South Skunk river and its two chief tributaries in this county,
Indian creek and North Skunk river, where they have accumu-
lated to considerable depths and are sufficiently loose and porous
to permit a very strong underflow. Most of the wells in the
alluvial deposits are shallow, as a rule less than 40 feet in depth.

Over large parts of the loess-Kansan area the loess mantle
is several feet thick and the basal portion is so sandy that it
furnishes a water supply that is utilized by shallow wells to
an extent greater than in any other county. The loess on the
uplands produces conditions favorable to shallow water sup-
plies such as are used for the public supply of the town of Eddy-
ville, on Des Moines river.

In the region of the Wisconsin drift the underlying loess be-
comes an important aquifer, for owing to the imperfect surface
drainage the ground-water level is high, the younger bowlder
clay forms an excellent protecting covering, and the sandy loess
is a suitable reservoir. The seepage springs favored by such
conditions are unusually common in the valleys crossing the
margin of the Wisconsin drift area and are not uncommon from
the base of the sandy loess overlying the Kansan, but those from
the latter horizon are unsatisfactory for stock supply owing to
the certainty that they will dry up just when they are most
needed. Few loess wells exceed 25 feet in depth.

The Wisconsin drift in this county is thin, yet, because of the
undrained character of its surface, it yields a supply of water
to many shallow wells. The water is chiefly from small seeps
and veins and is closely akin to surface water in quality.

Seeps from sand pockets and small veins in the Kansan clay
supply many wells, and an abundant supply of good water is
found in beds of sand and gravel beneath the Kansan drift and
above the underlying shales. The great thickness of the drift
in this region makes it expensive to reach these sands, as in
some places they lie 200 to 300 feet below the surface. Flowing
wells from these sands are not uncommon in the valleys.

The Coal Measures as a rule furnish unsatisfactory water.
Water is everywhere found in the seams and beds of coal, and



UNDERGROUND WATERS OF THE CENTRAL DISTRICT . 857

is locally so abundant as to interfere seriously with mining
operations, but this water is never potable. The shales which
compose the greater part of the Coal Measures are compara-
tively dry and unimportant as water bearers. Limestone lenses
are common. The only available water of importance is found
in the thick lenses of sandstone, which are more common in this
county than in the coal region farther south; but this water,
like most water of the Coal Measures, is frequently so strongly
impregnated with iron as to be unfit for use. One of the most
striking exceptions to this rule is afforded by the Red Rock
sandstone, a channel deposit consisting of coarse, friable, gray
to purplish-red ferruginous rock, which has been found in an
area two to four miles wide extending from the southern bound-
ary of the county east of Monroe to a point some distance
northeast of Kellogg. Its precise area and extent are, how-
ever, very uncertain. Wells in this sandstone furnish an abund-
ant supply of excellent water and good springs from it are found
in several places.

Regarding the Coal Measures as a source of springs, I. A.
Williams* says:

Springs issuing from the Coal Measures strata are not uncommon. The
water is, however, often so charged with sulphuric acid as to make it value
less, where it comes from beds associated with coal seams. Two instances
may be cited of springs which come from Coal Measures strata and furnish
never-failing supplies of good water. In the NE. 14 NW. 14 sec. 9, Rock Creek
township, is such a spring, flowing from near the base of the Red Rock for-
mation. A spring on the farm of Mr. P. W. Mowry in section 34, Des Moines
township, furnlshes an abupdant supply of excellent water.

The Saint Louis limestone is an important aquifer in Jasper
county as elsewhere. In this county it supplies the most famous
wells in the state, the Colfax artesian wells known as the Colfax
Mineral Springs. From observations elsewhere the Saint Louis
limestone is believed to wedge out in the northeast part of Jasper
county ; elsewhere other hard limestones, known as the Kinder-
hook stage, directly underlie the Pennsylvanian or the drift.

1Ann. Rept. Iowa Geol. Survey, vol. 15, p. 360.
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SOUTH SKUNK RIVER ARTESIAN BASIN.

The lower portion of the valley of South Skunk river and its
more important tributaries, including practically all of the
present flood plain, the terrace known as the ‘‘second bottom,”’
and in places the lower slopes of the valley sides, form an irreg-
ular artesian basin, ranging in width from one to four miles
and extending from the middle of the west county line to the
middle of the south county line. Nearly all the wells in this
basin range in depth from 250 to 350 feet and are supplied by
the same aquifer, the Saint Louis limestone. Two of the wells
however, are shallower. One on the farm of Bert Furch, six
miles west of Newton, in section 34, T. 80 N., R. 20 W, is but
150 feet in depth, and is reported to end in ‘‘a crevice in rock,”’
probably limestone, has a natural flow of three-fourths of a
gallon a minute and a head of 20 feet above the valley floor;
the water is not reported as mineral, but simply as ‘‘hard,”
and is in general use for domestic and farm purposes. The
other well, 163 feet deep, is on the farm of John Raitchner, two
and one-half miles southwest of Metz; the flow comes from sand-
stone at a depth of 150 feet, and the well yields one and one-
quarter gallons a minute under a head more than 10 feet above
the valley floor; the water is reported as only slightly mineral.

The deeper wells are generally less strongly mineral than
the Colfax wells (see p. 861), but none are cased through the
Des Moines stage, and all probably receive a mixed supply of
water. Detailed data of several of these wells are presented
in the table of typical wells (p. 868).

Near North Skunk river in the southeast corner of Malaka
township is a small area in which several wells yield small flows
under low head. Two of these wells are on the Riverside stock
farm in section 35.

COLFAX MINERAT, WATERS.

The Colfax mineral water was discovered in 1875 by parties
prospecting for coal. The drill, located on the south bank of
South Skunk river about a mile east of town, had reached a
depth of 315 feet when water began to flow from the top of the
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hole. Drilling was discontinued, and this coal prospect hole be-
came the first of the ‘“mineral springs’’ which furnish the water
now so widely known as Colfax Mineral Water. Since the
original well, known as the ‘“Old M. C. Spring’’ or the Colfax
Hotel well, was put down, at least 14 other wells have been
sunk to depths differing but slightly from this one and all ob-
taining a very moderate flow from the same aquifer—the Saint
Louis limestone, of the Mississippian. Some of the wells are
four inches and others six inches in diameter; the diameter of
some is reduced to two or three inches at the bottom.

Until the fourteenth well was drilled, in 1905, no record was
kept. The driller’s log of this well, as recorded by the owner,
C. W. Mills, is as follows:

Record of artesian well at Mills House at Colfac.

(Drilled by M. Neff.)

‘Thlckness. Depth.
Feot Feet

Surface and yellow clay i 33
Sand and gravel (heavily water bearing) 28 61
Sand rock - 1 63
Slate, black (shale) 30 92
Coal 13 933
Clay, fine 8%, 102
Sandstone 4 106
Soapstone (shale) 6 112
Sandstone (water bearing) - 40 152
Soapstone, hard (shale), 10 162
Sandstone 40 202
Rock, white, porous (water bearing) 4 206
Flint rock 1 207
Sandstone 20 227
Soapstone, hard (shale) 10 237
Sandstone 15 252
Iron band rock 1 253
Sandstone (water bearing) 30 283
Magnetie rock () 7 290
Chert, white 12 802

To a depth of 61 feet the formations are Pleistocene; from
61 to 283 feet they belong to the Pennsylvanian series (Des
Moines stage) ; the lowest formation is probably Mississippian
(Saint Louis limestone).

The natural yield of the wells has decreased as the number
of wells has increased, the maximum now being about three
gallons a minute. The intimate relation of the wells is shown
by the fact that when the Colfax Bottling Works well was flow-
ing at the rate of eight gallons a minute, before casing was in-
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serted, the Mason House well, near by and up the slope from
it, practically ceased to flow and all other wells were somewhat
weakened.

The log of the Mills House well harmonizes with the various
reports given frcm memory by those who had most to do with
the earlier wells, all placing the mineral-water aquifer at be-
tween 285 and 315 feet below the surface. The samples pre-
served by Dr. Turner of the water-bearing rock of the fifteenth
and latest well—that of the Turner Sanitarium—are of hard
magnesian limestone. All of these facts indicate the upper
limestone beds of the Saint Louis limestone as the mineral-water
horizon.

Several other aquifers are reported in each of these wells,
including the sand and gravel bed at the base of the drift, and
one to four of the sandstone layers of the Des Moines stage
(Pennsylvanian). Not only must the water from these upper
formations be cased out, but the well must be carefully sealed
by means of a seed bag or rubber packing about the base of
an inner and smaller tube put down to the aquifer itself in
-order to obtain the proper mineral flow. Although the sympa-
thetic variation of many of the wells indicates a uniform source,
a fairly decided difference in the taste and color, especially
in those of a sulphurous character, suggests that some of the
wells may draw a portion of their supply from the Pennsyl-
vanian rocks, the lowest of which is reported as causing an
artesian flow in at least one well.

The rise of the water above the surface varies with the eleva-
tion of the well site. The highest level reported, 17 feet, has
been since reduced by the drilling of new wells. Probably the
water of none of the wells will rise more than eight or ten feet
above the surface, and some of the wells on the hillside have
ceased to flow except as piped out below the surface to a lower
level. ;

It ig an interesting fact that the surface relations are so deli-
cately adjusted that changes both of flow and pressure are af-
fected by the changes of the weather. The decrease of baro-
metric pressure before a storm brings an increase of flow and
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pressure from the wells, which is easily noticed in certain wells
carefully controlled by bottling machinery. Especially hard
storms produce a milky or oily color, such as water ordinarily
carries after standing in the open air, and the water tends to
‘‘sour’” more quickly than usual; both facts indicate loss of the
natural supply of CO, with the lessening of the atmospheric
pressure.

A complete list of the mineral wells in the town of Colfax,
together with the fullest data obtainable, is presented in the
following table.® The results of chemical and sanitary studies
of the water are discussed on pages 191, 266, 267, 273, 274.

Statistics of the Colfax mineral wells.

! % | ": 5 a |
I _— P"‘
Owner ' Location | = 2l & Remarks
| 3] £ == <
| = 2| € |=8| 5
| a a|lg | a
| ‘ Gal-
lons
| a
[ ‘ min
| Feet | Feet | Feet | ute.
Hotel Colfax _—. 1 mile east of Col| 1875 | 825 |- |-oo RS 0ld “M. O. Spring.”
tax. [ J Former discharge, 3

gallons a minute. Dia-

meter, 3 inches. Curb

| 12 feet above level of

| Chieago, Rock Island

& Pacflie Ry. Temper-

| ature 54 degrees. Water
bed at 306

2+ |Diameter, 3 inches. Form-

er flow 3 gallons a min-

{ ute. Curhb 10 feet above

level of Chicago, Rock

| Island & Pacifie Ry.

| “First water at 140

I

Colfax Bottling Second bottom, 13| About 300 3B +6
‘Works. blocks southeast| 1880
of plant.

| feet, head 25 feet below
curb; seecond water at
225 feet, head at sur-
face; third water at 245
feet, all cased out.”
[ Bottled and sold.
Grand Hotel Sani-| oo About 21f— [ =1 2 No flow. Former head of
tarium. 1888 6 feet has fallen to 1
foot below ecurb, and
well i3 now pumped by
i hand. Curb 36 feet
above level of Chicago,
| Rock Island & Pacifle
Ry. Diameter, 4 inches
and 3 inches. Used for
medicinal and table
purposes.

iSee also Norton, W. H., Artesian wells of Towa: Rept. Iowa Geol. Survey, vol.

6, pp. 293-294. Also Williams, I. A., Geology of Jasper County: Ann. Rept. Towa
Geol. Survey, vol. 15, pp. 307, 363-366.
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Statistics of the Colfaw mineral wells—Continued.

Owner

Location

Year completed

Depth

Depth to rock

Head above or
below curb

Discharge

Remarks

Mason House

D. 0. Frye & Co.
(Ine.).

Purox-Colfax Co._.

Town of (oliax
eity park.

The Centropolls ...

Thoa. E. Jordan...

e o e e et et e e

Qolfax Bottling
Works No. 2.

Hotel Coltax No. 2
Victoria Sanitariurm

1890

300

Corner Montgom-
ery Street and
Broadway.

At plant

200+

47

1901

300

294

100

Gal-

lons

min-
Feet | ute,
+ 8 4

2

+10 bt

+18

+20

1903

391

Diameter, 4 inches. Temp-
erature 54} degrees.
Curh 2 feet above level
of Chicago, Roek Island
& Pacific Ry. Used for

baths, table, and med-
feinal purposes.

Diameter, 3 inches. Curb
8 feet above level of
Chicago, Rock Island &

| Pacific Ry. Tempera-
ture, 61 degrees.
Pumped by rotary
pump, 5 gallons & min-
ute. Bottled and sold
for medicinal and table
purposes. Water bed
at 310.

Flow decreased. from 8%
to 13 gallons & minute,
and head from 12 to 10
feet. Diameter,4 inches.
Odor more sulphurous
than others. Bottled
and sold for medicinal
and table purposes.

Decrease of flow from 4
to 3 gallons. Diameter,
4 inches. Temperature,
62 degrees. Level with
Ohicago, Rock Island
& Pacific Ry.

Used for medicinal pur-
poses and for bathing.
Sold to patrons.

Decreased from 2 to 13
gallons a minute. Bot-
tled and sold for medi-
cinal and table pur-
poses.

Diameter, 3 inches. Flows
without control. Used
only for watering
stoek.

Decrease of head from 20
to 18 feet. Diameter, 4
and 2 inches. Other wa-
ter at 150 feet and 225
feet. Curb 3 feet below
level of Chicago, Rock
Island & ©Pacific Ry.
Flow incrcasey after
being shut off for some
time. Bottled and sold
for medicinal and table
use. Water bed, lime-
stone.

“Second M. O. well.”

Flows from pipe through

hillside. Used for medi-

cinal purposes and for
bathing. Sold to pat-

rons,
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Statistics of the Colfax mineral wells—Continued.

|
|

| Feet | Feet | Feet | ute.
________ 1908 (365 80 —12 |....__|Dlameter, 4 to 8 Inches.
‘ | Curb ahout 88 feet
above level of Chicago,
| Rock Island & Pacifie
Ry. Heavy water at 235
feet. Water lift. Used
| tfor medicinal purposes
and for bathing. Sold
to patrons. Water bed,
porous magnesian lme-
stone.
Mills HorPe oo 1905 (%91 9% + 6 4 Curb about 22 fect above
level of Chicago, Rock
| | Island & Pacifie Ry.
| Temperature, 535 de-
| grees, Curb sunk Into
5-foot pit for better
flow. Pumping Turner
well while drilling  de-
creased this flow. Used
for medicinal purposes
| and for bathing. Sold
| | in bulk to patrons. Wa-
‘ | | ter bed, limestone.

Owner Location Remarks

Year completed
below curb

Depth

Depth to rock
Head above or
Discharge

Gal-
lons

Turner Sanitarium |Side of hill

CITY AND VILLAGE SUPPLIES,

Colfax—The public supply of Colfax (population, 2,524) is
drawn from the coarse gravels underlying the flood plain of
South Skunk river, by means of a series of Cook well points,
six inches in diameter and 36 feet long. The sands and gravels
are reached at a depth of 23 feet and are overlain by a heavy
black clay. The water stands between five and 17 feet below
the surface in these points, and is pumped by steam into a steel
standpipe, 13 by 80 feet (capacity about 92,000 gallons). This
standpipe is so situated on the bluff that the base is about 160
feet above the source and the main portion of the town. From
it the water is distributed by gravity through about two miles
of mains. The pumping capacity is about 750 gallons a minute,
and about 60,000 gallons are used daily. - The domestic pressure
of about 80 to 104 pounds is sufficient for fire protection, except
in the residential section in the bluffs, where direct pressure
may be used if necessary. Owing to the fact that this water
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forms a rather solid scale in boilers, the railroads and the
boilers at the pumping station use river water.for steam making.

Kellogg.—The public water supply of Kellogg (population,
610) is from two drilled wells 120 and 160 feet deep, drawing
their supply from the shales of the Des Moines stage and the
underlying limestone, respectively.

The water of the 120-foot well is pumped by windmill, and
though the head is but 30 feet below the surface the supply is
scanty, a characteristic common to all shale wells. This well
is used only as a reserve supply.

The 160-foot well is much stronger, but the water is some-
what roily, probably because of improper casing in the shaly
beds. The well is pumped by gasoline engine, the water being
forced to a cistern on the hill about 50 feet above the level of
the town. This cistern is 10 feet in diameter and 20 feet deep
and is walled with brick and cemented. From this reservoir
the water is distributed through a four-inch main about one-
fourth mile in length to four fire hydrants and 20 private taps.

Most of the private wells in the town are either open or driven
and range in depth from 25 to 35 feet. The gravels at this
depth are open but grade into fine sand above, overlain by
yellow clayey alluvinm and deep soil. The supply is abundant
and the water exceptionally good for use in boilers. No treat-
ment is required before it enters the boilers, only a slight flaky
scale or soft white precipitate being formed. The Gould Balance
Valve Company and the Patten Grain Company use the water
from driven-point wells.

Newburg—Practically all wells in Newburg (population, 200)
and in the extreme northeastern corner of the county are dug or
bored in the drift at various depths.

The railroad supply comes from four 26-foot wells in a ravine
below the town. The best supply comes from gravels in the
lower part of the Kansan drift.

Newton.—The water supply for the city of Newton (popula-
tion, 4,616) is taken from eight gravel wells on South Skunk
river bottom, six miles sonthwest of the city, in the NE. 34
section 13, T. 79 N., R. 20 W., 170 feet below the level of the
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Chicago, Rock Island & Pacific Railroad station (elevation, 944
feet above sea level). These wells were put down in 1904 by
drilling to depths ranging from 43 to 56 feet, and then insert-
ing in each hole an eight-inch strainer, eight to ten feet long,
attached to the lower end of the casing. The wells are dis-
tributed over an area of about 130 feet radius, and so connected
that any number or all may be pumped at the same time.

A pumping station, located at the wells, is equipped with a
low-service suction pump, capacity 700 gallons a minute, which
pumps into an 11,000-gallon reservoir, walled with brick, ce-
mented, and arched over. From the reservoir two high-pressure
duplex pumps, capacity 250 gallons a minute each, lift the water
190 feet into the supply tank on a stone tower in the city. The
tank has a capacity of 90,000 gallons and the tower is 56 feet
high, giving a domestic pressure from gravity of about 25
pounds. The fire pressure is, however, direct and may be raised
to 115 pounds. An eight-inch main leads from the wells into
the city, and the 75 fire hydrants are supplied through six-inch
and four-inch mains. Probably more than one-third of the
population is supplied through over 400 taps from this source.
The daily consumption is estimated to be 70,000 or 80,000 gal-
lons. The meter system is in general use.

The water is clear, abundant, and excellent, and is used for
all public and domestic purposes and very extensively by the
manufacturing plants of the city and by the railroads. Slight
scale forms in the boilers, and the supply has proved in all
respects satisfactory.

The city supply was formerly taken from two deep wells, de-
scribed as city wells Nos. 1 and 2.

City well No. 1, completed in 1890, is 1,400 feet deep and five
inches in diameter, and the water stood 90 feet below the curb.
Rock was entered at 90 feet and water was obtained at depths
of 550 feet and 1,300 (?7) feet. (See Pl. XV, p. 812.)

The water of this well is described as a poor potable water
and bad in its effects on boilers. It is apparently derived from
the Osage stage (Mississippian), a short distance above the sum-
mit of the Kinderhook (Mississippian), and is augmented by wa-

bb
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ter coming in above the Maquoketa shale (Ordovician), which
caved badly and caused the loss of a drill. As the drill could not
be extricated, the hole was abandoned and a second was sunk a
few feet dlstant In-this well also a drill was lost at about the
same depth, and the attempt to carry the boring deeper was
abandoned. In 1895 the supply was said to be abundant, con-
tinued pumping failing to lower the level of the water; but some
years later the well was given up and another sunk.

City well No. 2, 705 feet deep and ten to eight inches in diam-
eter, has also been abandoned. The water in this well stood 50
feet below curb, coming from a depth of 500 feet.

Driller’s log of city well No. 2 at Newton.
Depth In feet.

Gravel 70
Gravel and clay. 150
Rock and shale 172
Shale S 202
Rock, white, hard 214
Iimestone 240
Through l!mestone. 470
Shale 500
Limestone 575
Well completed 705

Tt should be noted that the very scanty data for these wells
seem to indicate that they stopped a good deal short of the main
artesian supplies of Towa, going little if any below the Maquo-
keta shale. If any other deep wells are sunk they should be
carried not only to a depth of 1,750 feet from the surface, where
the Saint Peter sandstone should be reached, but to as great a
depth as 2,050 feet in order to tap the still larger supply of the
formations underlying that well-known sandstone.

Prairie City—The water supply of Prairie City (population.
764) was originally taken from a well 85 feet deep ending in
sands and gravels at the base of the drift. The supply was
ample, but so much trouble was caused by quicksand that it
was found necessary to drill deeper and ecase the well through-
out. During 1904 and 1905 the well was deepened to 390 feet,
and the approximate record is glven by I. A. Williams as
follows:
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Log of well at Prairie City.

"I‘h!ckness. Depth.

| Feet Feet
Loess and drift 85 85
Cosal Measures shales and sandstones 140 225
Limestone 65 250
Sandstone, coarse, white 2 2092
Shale, compact €3 355
Limestone, dense, gray, magnesian 35 "300

The limestone from 225 to 290 feet probably belongs to the
Saint Louis limestone (Mississippian). This well was not used,
as it was said to be impossible to shut out sand and mud in the
Pennsylvanian (Coal Measures) at depths of 180 to 190 feet,
though water was abundant below this level.

The well in present use was drilled in 1905 to a depth of 390
feet. The Saint Louis limestone was entered at a depth of 220
feet, and the water-bearing sandstone from which the chief sup-
ply of water comes about 65 feet lower. The well is cased to
the limestone with eight-inch casing; below this a six-inch bit
was used and at the bottom a four-inch bit.

The well is pumped by steam, and the head varies from 80
feet below the surface to about 140 under the pump.

The water is distributed by gravity from a 2,200-barrel tank
elevated on an 80-foot steel tower, through about two and one-
half miles of mains. The water used is chiefly for fire protec-
tion, a few private taps taking only a few barrels per day in
addition to that used by the 12 fire hydrants. The water is un-
satisfactory for drinking on account of its mineral taste, and
it is too hard for use in boilers.

Reasnor.—Reasnor (population, 250) is located on the bottom
lands of South Skunk river, where sand point wells may be had
at depths of 30 to 40 feet. Small flowing wells may be had in
this vicinity on the river bottoms with depths of about 250
feet to sandstone in the Saint Louis limestone, and good wells
may be obtained at about half that depth in the Red Rock sand-
stone. The town well, sunk only 30 feet on the flood plain of
the river, flows slightly, the water probably being derived from
the Red Rock sandstone.
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WELL DATA.

Information concerning typical wells in Jasper county is pre-
sented in the following table:

Typical wells

of Jasper Couniy?

Owner |

Location

T. 80 N., R. 18 W.
(Xellogg).

Town of Kellogg--
Do

Geo. B. Kelton__-.
Ed. Craven ...
Gifford Rogers .-
A, B. Craven...-.

1 mile southeast
of Kellogg.

1 mile north of
Kellogg.

3 miles north of
Kellogg.

5 miles north of
Kellogg.

Joe Pierce ___..__ -4

Ed. Merskon __.___
Albert Harrab ...

T. 8 N., R. 17T W.
(Rock Creek).

A. J. Simpson..__.
T. 81 N., R.19 W.
(Malaka).

Mrs. Cassle Preston

Christ Wehrman __

T.8 N., R. 18 W.
(Mariposa).

S. Morrison
Henry Korf ..
D

T.8 N., R. 19 W.
(Newton).

T. 79N, R. 20 W.
(Mound Prairie).

L. A. Greenleaf . ..
G. W. Miller ——___-

John Kartchner __..

Mrs. M. L. Slaugh-
ter.

T. 80 N., R. 20 W.
(Sherman).

W. J. Leeper— ...
Lawson Walt -

3 miles north[
and 13 mliles|
east of Kellogg

NE. % sec, 6 -

SW. % see. 36.._-

SE. % see. 3l....

NE. % see. 2.
SW. % see. 14.___

NE. % sec. 34____
See. 11 ___ =
e O dua s oal |

NW. % see. 20_..

SE. % see. 15____
3 mile east of
Metz.

2% miles south-
west of Metz.

172

140

360

163

337

159
204

L=
] [=]
C] -
2 5%
2 | Source of suply | G 5
g o
a o
Feet F Feet
85 |Shale (Des Moines) |— 30
110 {Carboniferous  [._—_._
limestone.
15 [Red Roek sand-— 60
stone.
200 |Limestone below — 80
shale.
______ RS (G I S U SR
...... LY, =18t
176 {Over llmestone |-
317 [Limestone — .- —100
...... e e e B T o LT
....... Sandstone ..-....|—130
Sand
160 |Limestone ... —100
120 |Limestone -_—.--- — g0
G Limestone ..__.-- — 60
160 |Limestone .-_-_.. — 60
100 Sandstone .......|— 56
e Al S e = + b
60 |Sandstone (Des (4 10
Moines),
100 |“Gravei” {?).__.. + 17
30 |Gravel . ___ +
__________________________ — 80

1For Colfax mineral wells see table on p. 861.

Remarks:
(Logs given in feet)

A weak well.

Water somewhat
roily.

On *“bottoms.”

ood.
Good farm well.

|
Good. Plenty.

High hill,
Bottom. Flows. No
rock,

Sand interferes. No
rock.
Hard and mineral.

Strong well.
No water.

Strongly mineralized.

Hard water.

Flows } gallon a mn-
ute. Slightly min-
-eralized.

Flows 1} gallons a
minute. Slightly
mineralized.

Slight flow. Mineral.
Mineral.
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Typical wells of Jasper County—Continued.

869

% =
-2}
& :3 5 R k
[} 4 =1 emarks:
Owner Location 5 ; Source of supply :g (Logs given in feet)
2| 8 52
(= =} o
Feet Feet Feet
Bert Furch ———oe-o 2 S LA —| 150 60 {“Solid rock” -.__.|+ 20 | Flows 3§ gallon a
minute. Hara.
E. W. Bodley .- NE. % gec. 26.—.| 90 40 |Sandston® ... — 30
T. 78 N., R. 21 W.
(Part of Des
Moines).
R. W. Brubaker..__{NE, % sec. 36.._-| 376 [ 140 |Limestone -.__.. —150 | Abandoned. Very
weak well.
T. 78 N.,, R. 20 W.
(Parts of Des
Moines a n d
Falrview).
Sam Scharf _.__.___ NI. % see, 36.__.| 268 95 |Sandstone _______ —137 | Strong well.
S. F. Oldham.. .- SE. % see. 22.___| 376 | 160 |-——o dO —eoecen o —125 | Strong  well. Fine
water.
Jas. Fouehe .. SE. % see. 9. 240 |.oe—-.|Sandstone ..-.e.o|ce--—- Good well.
T.78N.,, R. 19 W.
(Parts of Fair-
view, Ik Creek
and Palo Alto). |
Robt. Marshall ..._ 6 miles east of 209 |.__... HEREY ;| L -
J. A. Oldham. 260 | 60 |Sandstone Flow 1 gallon a 1min-
ute; water slightiy
| mmineralized.
Lester Vaugh _..___ See. 28 . 312 | 140 |___. dO --—ee—___.|—160 | Mineral.
Town ok Reagnor—— - .. .. b2 R, SR () T e + 2i| Bottom land. Flows
| into tank at pres-
[ ent, 1 gallon &a
minute,
J. H. Loar —____ r L1t o S SO0 e T o R — 25
Chicago, Roek Is-|Monroe 300 LT I0) Rl bl T ey Scales boilers some,
land & Pacific Ry.
Osear Efnor oo 13 miles west of| 167 | 100 Red Rock sand— 67 | Good well.
Reasnor. | stone. |
T. 7 N., R. 19 W. |
(Parts of Palo
Alto and Tair- |
view). |
Qeorge Lisle ... IR R e B s 252 | 117 |White sandstone- + 22 | Bottom land. Tem-
perature 52 degrees.
; Mineral.
George Lisle __._._. SW. % sec. 82.___| 252 54 |“White sand” .|+ 22 ) Flows 1) gallons a
mijnute. Mineral.
Jas. A. Oldham._._jSee. 16 oo 260 80 |Sandstone —a-e-.- + 10 | Flows 1 gallon a min-
ute. “Hard and
salty."”
J. M. Woodrow_.__|NE. 1 sec. 29__-| 2383 | 100 |cew @0 comeere + 8 Minerfal, similar to
Colfax.
F. H. Griggs....._-|NE. I sec. 20__.. Flowing well.
Ed. ROSS eencacnancn 6 miles south ol Flows 1 gallon a min-

Newton.

ute.
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MARSHALL COUNTY.

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

TOPOGRAPHY.

Marshall county lies immediately east of Story, the central
county of the state. Though its prairie plain does not, to the
casual observer, differ materially from that in other portions
of central Towa, the careful student will recognize in the topog-
raphy as many as three distinet types of plain, the distinctions
being chiefly the result of differing periods of time during which
running water has worked upon the till.

The youngest drift, the Wisconsin, overlaps a narrow strip
on the western edge of the county, varying in width from prac-
tically nothing on the southern border to three and one-half
miles on the northern border. Here is found the knob and ket-
tle topography characteristic of terminal moraines, though in
rather subdued form. Small ponds and sloughs are common
and the region is generally one of poor and undeveloped drain-
age. The area does not exceed 50 square miles.

Almost filling the triangle in the northeast, separated from
the remainder of the county by Iowa river, is an area of drift
of Jowan age. The slight sag and swell topography and the
lack of marked stream dissection away from the master streams
indicate the topographic youth of the area, though the lack of
ponds and undrained tracts suggests a later stage of dissection
than the Wisconsin. This area contains approximately 100
square miles.

Except for the Towa river valley, the remainder of the county,
nearly 400 square miles, possesses a more undulating topography
in which stream valleys are broad, divides much more clearly
marked, and drainage complete. This area covered by the
Kansan drift is, therefore, in topographic maturity.

The broad, flat flood plain of Iowa river is the most striking
topographic feature of the county. On the valley floor the river
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meanders widely and from it many smaller flat-bottomed val-
leys extend to every part of the county save the southwest
corner, which is drained to the south by tributaries of North
Skunk river.

GEOLOGY,

All the country rock of Marshall county is of Carboniferous
age. Underlying the entire county is a thickness of about 150
feet of the Kinderhook stage, consisting chiefly of a heavy lime-
stone overlain by thin shales and underlain by thin sandstone
and shales. Overlapping this in the western two-thirds of the
county lies the Des Moines stage, consisting here chiefly of shales
with some sandstones. (See Pl. XI, p. 458.)

The general surface relations of the drift sheets have already
been indicated. The depth is variable, but in the uplands 100
to 200 feet is common and 400 feet has been reported. This
latter thickness is so great as to indicate a preglacial channel.
The Kansan drift, everywhere present, is the most important
of the superficial deposits, but distinet evidence of the earlier
Nebraskan drift is found in the presence of a dark blue-black
till in places beneath heavy beds of sub-Kansan sands and
gravels which are evidently of Aftonian age. These gravels
are reported in beds locally 30 feet thick.

In many places between the later deposits and the Kansan
are found other sand and gravel beds of Buchanan age. These,
however, are thinner and less important than the Aftonian ex-
cept in the stream valleys, where, as valley trains, they underlie
and are interstratified with alluvium. The Jowan till in the
northeast and the Wisconsin till in the west overlie the Kansan.
The Jowan is very thin and relatively nnimportant, but the Wis-
consin, because of its morainal character and undeveloped drain-
age, has a marked effect on ground-water conditions. Through-
out the Kansan area and in places underlying the Wisconsin is
a mantle of yellow loess passing below into sand. As this
reaches thicknesses of 15 to 20 feet over some portions of the
uplands it is of importance in shallow wells.
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The alluvium which fills the Jowa valley and the narrower
valleys of all the larger creeks of the county includes extensive
valley train deposits, chiefly of Buchanan age.

UNDERGROUND WATERS. .

SOURCES.

The gravels of valley trains of Buchanan age and those be-
neath the drift and interstratified with it form the chief sources
of the abundant waters of the alluvium. Though not so pure
as those of the deeper drift and the rock, these waters are not
often seriously contaminated, and their abundance and softness
render them especially valuable. The public supply for the city
of Marshalltown is drawn from the alluvium.

The drift beds are so numerous and in general so prolific of
good water that they form the chief source of supply for Mar-
shall county. Dug, bored, and drilled wells reach all the sub-
horizons at such different depths and with such different re-
sults that it is usually impossible to identify the age of the water
bed. Depths of 30 to 40 feet are most common and, in general,
the greater the depth the greater the supply. For domestic pur-
poses very shallow wells suffice and are satisfactory if not con-
taminated from the surface, but for stock many of 100 to 250
feet are drilled with good results. In many of the deeper wells
the Aftonian gravel is the water bed.

Owing to the lack of drainage shallow wells on the western
margin of the county may find water closely akin to surface
water in the Wisconsin till. _

The Towan till is too thin to afford any important source of
water for even the shallowest wells, but the loess attains depths
of 15 to 20 feet in many places on uplands, and its sandy base
forms storage for shallow ground waters. Formerly this base
was more important, but drainage and dultivation have gener-
ally reduced the ground-water level far below it, and it can now
be used only by the shallowest wells and is very susceptible to
drought.

‘Where the Buchanan gravel underlies the loess and the later
till sheets on the upland in scattered patches, it is unimportant,
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but where associated with the alluvium it forms an important
source of water.

The Kansan till is very thick; open wells sunk into it expose
so much surface to seepage and small veins and afford so large
a reservoir that it is one of the most important sources of water.
A few gravel and sand layers furnish bountiful supplies, but,
in general, wells to it are easily pumped out and are liable to
fail in extreme drought.

Wells reaching the Aftonian gravel are abundantly supplied
with the purest and most wholesome water. Depths of 100 to
150 feet are not uncommon.

The Nebraskan drift is too vague and indefinite to be of im-
portance. Sands and gravels below the Kansan or at the base
of a pre-Kansan till suggest the Nebraskan, and are generally
water bearing just above bedrock, as is any drift in such a
position. ;

The shales of the Des Moines stage are so dry and the water
they bear is so mineralized that the rock is valueless except for
a few sandstone lenses from which excellent water may be ob-
tained. Wells deriving water from these sandstones are com-
mon in some parts of Marion and Jasper counties, but rare in
Marshall county. Wells penetrating the rock in the western
portion of the county are liable to find 30 to 50 feet or more of
dry shale.

Practically all rock wells in Marshall county draw their sup-
ply from the Kinderhook stage, in sandy layers that generally
underlie a heavy bed of limestone, which in turn may underlie
a few feet of shale. Some excellent deep wells are had in these
layers, though in many the water is not abundant. The flow is,
however, very constant and not subject to drought. The water
is generally hard, though pure and wholesome and excellent for
stock. Depths of 150 to 200 feet are common.

DISTRIBUTION.

Two ground-water provinces may be distinguished in this
county—(1) the Iowa valley floor, including the lower valleys
of several of the larger creeks, in which the alluvium only is
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used; (2) the remainder of the county, in which the drift and
Kinderhook are used.

Water in abundance may be had near Le Grande and Quarry.
In the river valley the alluvial gravels supply it to driven wells,
and on the adjacent uplands the shallowness of the drift, espe-
cially to the north, brings gravel and sand beds near the surface,
from which a good supply may be had at 30 or 40 feet or less.
To the south, in Le Grande township, extreme depths of drift
are found; 100 to 200 feet to limestone is common and 300 feet
or more in drift wells is not unusual. The sand well of O. Beyn-
gelson is 355 feet in depth.

Rock wells 80 to 120 feet deep are common, but 200 to 300 .
feet is not an unusual depth south of the river, where excellent
water is obtainable. Near the edge of the river bluffs the upper
limestones give rise to some fine springs.

Near Green Mountain the greater depths of the drift make
sand and gravel wells somewhat expensive and uncertain. Drift
wells 100 feet or more deep are not uncommon, but the chief
dependence for larger stock supplies is in the limestone, where
water is obtained at depths of 125 to 300 feet. The flow is
in a few places scant for large stock supplies, but the quality
is good.

The alluvial gravels yield abundantly along the river bottoms
at Liscomb, Albion, Marietta, and vicinity, in some places giving
rise to flowing wells. A well on the farm of C. E. Asney, located
on the Towa river bottom, in section 35, Jowa township, was dug
as an outlet for drain tile, but proved a flowing well. On up-
lands near the river drift wells are most common at depths of
30 to 50 feet, and the limestone supplies are unfailing, generally
from depths of 80 to 200 feet. None of these villages are pro-
vided with waterworks. West of the river in Marietta town-
ship most of the deep wells are in drift and have depths of 200
to 300 feet. Some reach limestone at similar or greater depths.

In the Wisconsin drift area near Saint Anthony and Clemons
shallow drift wells are generally relied upon. Driven wells are
found all along the broad bottoms of Minerva creek and its
southern tributary, which flows through Clemons. Excellent
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water for stock wells is found in limestone at reasonable depths,
100 to 200 feet being common.

Near State Center wells 20 feet deep were formerly abundantly
supplied with water; at present drift wells are more commonly
50 feet and a few are 100 feet deep. Reports generally indicate
the presence of the Nebraskan till below the Kansan here,
but good beds of Aftonian gravel are few and, except in very
deep drift wells, do not afford strong supplies. Not uncom-
monly quicksand and mud are found above shales of the Des
Moines stage, making drilling difficult. These shales are 10 to
40 feet thick and overlie limestones; in only a very few wells
is water found in thin sandstone beds at this horizon. When-
ever a considerable quantity is desired drilled wells which draw
their supply from the limestone at depths of 100 to 250 feet
are put down. These are not very strong, but are constant in
supply, three to 15 gallons a minute being common.

At Rhodes and Melbourne shallow wells generally furnish
abundant water from drift and alluvium. On all the ereek bot-
toms, however, good flows may be had. Three aquifers are re-
ported at approximately 150, 200, and 250 feet. From the last,
which underlies the Des Moines stage, a head of 27 feet above
the surface is sometimes obtained. The water is mineral, closely
resembling the Colfax water, and may come from the same
aquifer, the Saint Louis limestone, although this has not been
positively identified in this eounty.

At Melbourne the brick factory well draws its supply from a
lens of sandstone in the Des Moines stage at a depth of 230 feet.
Other deep wells are in limestone of the Kinderhook stage at
similar depths.

The well of H. Knoll, Sr., four miles north of Haverhill is

_reported to draw water from a sandstone of the Des Moines
stage at a depth of 170 feet. Near Van Cleve, Haverhill and
Laurel limestone wells in the Kinderhook stage are common at
depths of 200 to 300 feet. Drift waters are commonly used for
small supplies, but these do not hold out in dry weather, as the
location on the upland divide between Iowa and Skunk rivers
is not favorable for shallow wells.
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Near Gilman and Ferguson bored wells to depths of 100 feet
are common, and drilled rock wells are rare. A few stock wells
on uplands draw from the limestone at about 300 feet.

CITY AND VILLAGE SUPPLIES.

Gilman.—Gilman (population, 430) has a small waterworks
system supplied by springs. The plant is owned by a canning
company. An elevated tank supplies water to one or two fire
hydrants at low pressure. The water is reported to be soft and
of excellent quality.

Marshalltown—The water supply of the city of Marshalltown
(population, 13,374) is drawn from the gravel beds underlying
the flood plain of the Iowa river valley opposite the city near
the junction of Asher creek (SE. 14 section 22, T. 84 N, R. 18
W.). The water is collected by 40 wells, averaging 32 feet in
- depth, arranged in a straight north-south line 50 feet apart.
Twelve-foot Cook strainers are used on the bottom of a six-
inch casing. The gravel immediately overlies the limestone in
at least one well. The general section is reported to be as fol-
lows:

General section of Marshalltown shallow wells.

Thickness | Depth

Feet Feet
Loamy soil 4 4
Gumbo : 13 63
Gravel, fine, and sand 33 9
Gravel, coarse : - 4 18
Sand, fine, white 14 27
Limestone b 82

All wells feed by a closed pipe into a two-foot main which
leads across the river to the pumping plant on the south side,
where a storage reservoir holding 1,000,000 gallons receives all
 of the water for aeration. At present rate of consumption this
is replaced once each day. A low-service triplex Worthington
pump draws the water from the reservoir for a distance of
4,720 feet, discharging it by gravity into the pump well.

At times the ground-water level in the field is reduced below
the top of the strainers and, in order to avoid breaking the
vacuum, suction is had through inner pipes inserted to the mid-
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dle of the strainers. Even with this precaution, the vacuum is
sometimes broken in case of drought, and then the consumption
of water is limited, otherwise it must be drawn direct from the
river through the intake provided for emergency. Such an
emergency should be nothing short of a conflagration on aec-
count of the foulness of this water. Means are provided for
cleaning the well strainers by flushing back water through them
under high pressure, this being done once each month to insure
the best flow.

Two Gordon duplex pumps, with an easy working capacity of
5,000,000 gallons daily, supply the mains directly at an ordinary
pressure of 65 pounds, which may be increased to 135 pounds
in case of fire. This pressure at the plant is decreased about
40 per cent in the business portion of the city. Twenty-eight
miles of mains supply 200 fire hydrants besides many private
consumers.

The large number of rock wells in the city is supplied by the
waters from the limestone of the Kinderhook stage at depths
ranging from 75 to 200 feet. and when properly cased and pro-
tected from surface contamination these deep-seated waters are
of excellent quality and many are of almost ideal purity. They
are superior even to the city water for domestic purposes and
should be used wherever convenient to do so. The hardness
of the water renders it unsuitable for boilers and many manu-
facturing purposes, except after artificial softening.

Excellent examples of the wells reaching this horizon are the
two wells of the Towa Artificial Ice & Refrigeration Company.
The water is very hard but of almost ideal purity. The mineral
present in all other waters of this vieinity found above bedrock
is absent in this, and the ice manufactured from it is clear and
brilliant. The two wells have furnished 75,000 gallons in 48
hours without any apparent depletion. During the season 30
tons of ice are made daily from this water, and large amounts
are used in the refrigeration process and also, after softening,
in the boilers.

Supplies from private wells in the sands and gravels of the
drift underlying the city may be pure and wholesome, but they
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should be looked upon with suspicion because of the ease of
surface and sewer contamination and should be used only after
bacteriologic examination by competent authority. Such wells
in rural regions are generally wholesome if properly guarded
at the surface.

All of the water obtained above the rock contains some car-
‘bonate of iron, which, on standing, oxidizes to the brown hy-
drated oxide of iron, and the water becomes milky and precipi-
tates a brownish sediment. In all large supplies this may be
removed by aeration, and for domestic use on a small scale it
is not objectionable except to the esthetic sense.

A prospect hole for coal and gas, drilled on the bank of Towa
river near Marshalltown (W. 14 NW. 1/ section 25), has a depth

of 1,020 feet. (See Pl. XTI, p. 458.) Its curb is about 885 feet
above sea level.

Record of strata in .prbspect hole at Marshalltown.

Thick-
ness. | Depth.
Oarboniferous (Mississippian):
Kinderhook stage (320 feet thick; top, 885 feet above sea level)—
Limestone, light gray; in fine sand; many nngular fragments of lUmpid| Feet | Feet
quartz at 68 feet 70 70
Limestone, light yellow, compact, earthy luster. REE:E: 1) ) 1. O —— 45 115
Limestons, brown, crystalline, cherty at 116 feet 80 145
Shale, soft light green, calcareous . 175 820
Devonian (300 feet thick; top, 565 feet above sea.level): .
Limestone (?); no samples 145 465
Limestone, hard, brown-gray, and brown; crystalline; rapid effervescence;
s2MDP! les at 465 and 560 feet___ 155 620
Sllurian (305 feet thick; top, 265 feet above sea level):
Dolomite, yellow, gypseous and cherty 56 676
Limestone, magneslan brown, three samples; cherty at 675 feet____.__._..._ 99 770
Dolomite, cherty, gypseous; mostly of white and transluecent chert__.__.______ 30 800
Qhert, white and translucent, at 800
No samples —i- 75 875
Ximestone; rapid effervescence; drillings almost wholly cherty; some gyp-
sum: 2 samples - 40 916
Dolomite, white, in powder; soms chert and gypsum 10 925
Ordovician:
Maquoketa shale (95 feet penetrated; top, 40 feet below sea level)—
Shale, blue and green-gray; noncalcareous in sample at 925 feet_._.______ — 95 1,020

Marshalltown is 890 feet above sea level, and, according to
the boring just given, the top of the Maquoketa shale was found
at 925 feet below the surface, or 40 feet below sea level. Had
the boring been continued the drill would have entered-the Ga-
lena limestone within about 80 feet of the bottom of the drill
hole, and considerable water might have been found in its
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cracked and porous layers. The Saint Peter sandstone may
be expected at about 550 feet below sea level, or 1,440 feet below
the surface. The drill should encounter below the sandstone
dolomites, more or less sandy, with interbedded sandstone
layers, and below the dolomites well-marked water-bearing sand-
stones. A very generous supply should be obtainable from these
horizons by a well carried to a depth of 2,000 or 2,200 feet.

The water at each water horizon above the Saint Peter should
be analyzed, and it may be found advisable to drive water-tight
casing to the Galena to shut out deleterious veins.

By drilling several 8-inch or 10-inch wells and by the use of
compressed air to increase tue discharge it may be possible to
obtain a supply sufficient for a city as large as Marshalltown.
The water will hardly be good boiler water, a matter of im-
portance in a manufacturing town. A forecast, essentially the
same as the above, was made for the city on the request of the
council in 1899.

State Center—The town of State Center (population, 898) is
provided with a waterworks system, used chiefly for fire pro-
tection. The water is pumped from wells into an elevated tank,
capacity 60,000 gallons, whence it is distributed by gravity and
direct pressure through a mile of mains to 16 fire hydrants.
Only 12 private consumers use the water, and not more than a
thousand gallons are pumped daily.
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WELL DATA.

The following table gives data of typical wells in Marshall
county :

Typical wells of Marshall County.

Remarks:

Owner Location (Logs given in feet)

below curb

ply

Depth to rock
Source of sup-
Hcad above or |

Depth

T. 8 N.,, R. 18 W, ]
(Linn; parts of |
Taylor and Iowa). | \
Feot | Feet Feet
188 8% |Limestone_| — 57 Strong well, hard
water, but no iron.
Water at 35, easily
exhausted. Principal
water bed 131 feet.
Pumped by steam
and used in manufac-
ture of artificial ice.
Softened for boiler.
Heavy precipitate,
indieating very hard
water; curb 20 feet
above Chicago &
North Western rail-
Way. Diameter, 6
inches; temperature,
52 degrees. Surface
and ycllow clay, 22;
blue eclay, 12; soft
| limestone, 60; harder
| limestone, 94.
. O LT 162 71 | Oolite -- 24 {Principal water bed,
Brittain & Co. —... ’ limestona 138; minor bed at 76.
' ‘ Pumped with steam
suction pump with-
| | out lowering. Hard.
Used for pgeneral
[ | packing purposes;
curb 25 to 30 feet
above Chicago Great
Western railway. Yel-
low clay, 24; sand, 4;
blue clay, 40; sand,
3; limestone (blue
above, white below,
streaked with hard
‘ layers), 19; shale,
425 Diameter, 8
inehes; cased, 71 feet.
A second well dupli-
catus this, except 10
\ feet shallower.
Merritt Green ... S ) P L S 169 | 71 |Shaly lime-| — 80 {On slope 30 feet above
[ stone Minneapolis and St.
[ ! Louis railway; water
‘ bed in shaly limestone
at 98. Pumps 15 gal-
lons per minute with
little lowering. Dlam-
| eter 4% inches: eased,
i | | 71 feet. Yellow clay,
| 20; sand, 10; blue clay
| [ 41;  limestone, 29;
shaly limestone, 69.

Iowa Artiflcial Ice Co. |Marshalltown
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Typical wells in Marshall County—Continned,

Owner

Location

Lennox Machine Co.| __ do ...
do
sing Bros. o
Tourth Ward ool - o
Seconid Ward School = do
Arnold School ______ - do
Third Ward Sehool - do
Woodbury School ___ do
Anson School ___.__ - do
Glueose  Munufactur- A
ing Co.
|
|
Frank Graham ——..ii! miles cast of Al
bin.
B H. Kokl — —— .‘-) miles northeast of
Morshalltown.
W, B. Béesom. .——- - {4 miles north of Mar
shalllown.
|
r. 8 N., R. 17 W.|
(Marion).
L. H. Wallace.____|North Green Moun-
tuin.
W. AI. Stewart. 13 miles northeast of
| Marshalltown.
P - s A e 1% mwiles east of Mar
shalltown.
L Bk = = b oiles east of Afar
shalltown.
00 wplers mociiy. SIS, |1 anile northeast of

Marshalltown.

Depth

118

bl R &

—
1B i 0 =T

156

iy

k

Depth to roc

|
Feet | Feet
43

20 Limestone.

‘Hard ble

S 3

S so

2 2% |

o gz

o | Remarks:

= = {Logs given iu feet)
2o ==

o

o=

73

| Feet j

— 9 Curb 10 feet below Chi-
cago Great Western
railway, on Linn
creck bottom. Water
bed 100 feet. Minor
bed at 25, in sand.
Pumped by steamn,
lowers to —23 feet.
Clay, 20; sand and
blue elay, 3; bhlue
and gray limestone,
TH. Diameter 6
inches, ecased 43 feet.

- Water bed at 67 feet.

— Water hed at 59 feet.

limestone

~do .
o
)

— 14 110 other wells similar,
excepl  average 200
feet deep. Cur
nlove &
North rail-
way. Sccond bottorn.
Oven wells all
through lirnestone.
3,060,000 rollons have

pumped in 24

Uzed in wanu-

hours,

facturing gluease,
Diameter 4 inehoes;
cased, 20 feet. Seil,
17 yvellow clay. 14;

gravel, 1;
1801 shale,

sand and
limestone,

Lhwe and twmff, 101.
120 e O i 700 | Very strong flow.
7t IR [ o 40-gallon test lowered 10
i Teet.
&8 Gray Ihme| — g |Gend and strong. Not
stone. lowered. Yellow clay,

170 |Limestone. .

300

45; Dlne  elay,

! 43;
limestone, 40,

|
Water bed in sand with
wood at 100.

168 Blue sand -|— & Chief waler in 30-foot
| | bed of sand.
v n T Y I !.\'0 rock.
| |
Oolita —140 'Strong  well. Water
limestone, hard. Yellow clay,%0;
Llue clay and mnddy
samd, 210 oolitie
limestone, 3.
120 | Limestone. —100 |Very strong.  Yellow
clay and sand, 60;

blue elay and sand,
007 limestone, 1z,
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Typical wells in Marshall County—Continued.

] [ =
A = o
] — =, o 25 Remarks:
Owner Location 3 ; o P (Logs given in feet)
21 2| 5 |82
D o = =
= B8 e- =
Feet | Feet Feet
T. 8 N.,, R. 17 W.
(Lo Grande). l
Col. Dougherty ..._|2 miles north of Ie b2 9 |Limestone. |— 80 |Hard roek exposed in
Grande. i Le Grande quarry,
| near by. Strong well.
| Water very hard.
Yellow eclay, 9; lime-
| stone, 83.
D, sHelldn, — _--- S see P, e 306 | 3C0 Soft llme|—140 |Lowers 100 feet on
stone. pumping. Yields §
gallons per minute.
‘ Yellow clay. 60: blue
- | clay, 190; quicksand
58.
F. B. Brenecke_.__..|2 miles north of Fer-| 562 | 408 |Shale and —I180 |*est of 5 gallons ow-
guson. | saadstone ers water 20 feet.
| Yellow elay, 35; blue
| clay, 85; sand ana
clay, 70; blue clay,
‘ | 110; soft shale, 108;
| glate and limestone,
40; shale and sand-
stone, 114.
O. Bryngelson Sand _. No rock.
E. Harem R Do.
J. Hanks Limestone.
D.. WOIKeN | 2l
§. R. Piper £ Do.
[ (o i I o | Limestone
| and shase.
T. 8 N., R. 18 W. |
(Timber Creek). |
John Goshon ._.__.. 3% miles south of Mar-; 281 ‘ 120 |Shaly lime-'—100 Not 2 strong well.
shalltown, | i stone.
He EHOIL: Sf, _seeit 4 miles northwest of] 170\ 130 Sandstone.|--.-.-
Haverhill. [ ]
| Moines).
J. P. Coopera . Northeast Haverhill. 183 | 120 [Shaly —120 Pumping 5 gallons a
limestone. Ininute lowers water
| B0 feet.
Chas. Lodge - 6 miles southeast of 260 ’ _______ Gravel and|—120 |[No rock.
Marshalltown. ‘ | sama.
T. 8 N., R. 18 W.
(Jefferson). l
T. Breekweg __._..._ .’_:llniilc south of Haver-| 180 | 140 |Limestone. —110 First water bed at 140.
hill.
D. 82 N., B B,
(Green Castle).
Chas., Coulbrom _..|N., % see. 32._ .. _____ 308 | 207 Qolitie ’—140 Strong flow.
| limestone.
7. 8 N., R. I W [
(Washington).
J., B Hacff — = o 2 miles southeast of| 210 | 132 Limestone |--.__.
Lamoile. and shale. |
H. Mesinesse _______. 2 miles west of Lu- 28 | 140 ... do -.._|[—140
yay.
T. 82 N., R. 10 ¥, ]
(Logan). |
Poffamburger & 1P T o SRS = 231 \ 190 [Sand in !—130 ’Used in manufaeture of
Walker. | shale(Des | ‘ brick and tile.
| Moines). |
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Typical wells in Marshall County—Continued.

Owner Location
Witlam Fort .. P EEEGRE
Do N R 20 W

(State Center).
Mrs. Bishop, ---—--<. 6 miles southwest off
State Center.
Louls Ricker ________ W i ERe 1l
C. H. Lehman -_... |[NW.,  se¢c. I5________
________________________ State Center ___._..__
T. 78 N., B. 181W,
(Marijetta).
W. E. Tomlins______ 8 §-|ac. PR
H. Monninger ___.___ 5 miles southwest of
Albion.
T. 8 N., R. 20 W.
(Liberty).
Thos. Andrews .___.. ) R M - e R g

C. M. Smith
W. E. Elliott

T, 8 N., Ri 19- W.|
{Bangor; parts of
Iowa and Liscomh}

Susan J. Brown.....|SE. & see. 9._.________

Carrie E. Arney ___ INW. § ser. 85

+ Depth

258 |

225
320

208

Sourece of sup-

"205 Shaly
limestone.

1C

190 'Limestone. —140

it PRI 1 T RIEARLL, -

------Sand and — 18 G

Remarks:
tLogs given in feet)

apuaeity 10 _gzxmns' a
minute without lower-
ing

inch vein; no sand or
sediment,

ood gravel well. No

gravel. rock.
__________ do ___. ------Pumps dry 1% hours by
steam.
____________ ... |-—----|No roek.
______ {Gravels --—--_|Strong water in sand

and sand.

180 |Limestone. — 80 |¥

__________ [ I

100 |Limestone. -.-.-- v

at 3C0. No rock.

ellow clay (seep
water), 30; blue elay
(streaks of sand with
little water),  143:
soapstone, 30; shaly
limestone, 5; lime-
itone, blue and hard,
20.

ery strong vein m
ereviee in lin estone.
Yellow elay, 35; blue
c¢lay, a5: sand and
gravel (seep water).
10: blue clay, 100;
sand, 20; blue clay,
10%; shaly, light eol-
ored roek, 25; hard
limestone, 10; quick-
sand (?), 3; lime-
stone, 2.

204 ____do.... — 10 |Yellow clay, 30; sand

and eclay, 1¢0; blue
elay, 35; sand, 10;
blue clay, 65; =and, 6:
blne clay, 69: soap-
stone, 35; coal, 1;
white clay, 2; lime-
stone, 10.
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Typical wells in Murshall County—Concluded.

2| & 3
< =) =]
8 [ 25
Owner Location = £ =¥ Remarks:
= 2 g = (Logs given in feet)
= =4 5= 33
& o o A A=
r ~ = /7] o |
mmfwf"if == — = =
(Minerva). |
Henry Dusse _______. S mgd ey 365 | 325 Limestone.|—150
Joe Goodman _____.. SW. § sed¢. 84_______-.| 3803 Do jimae AT R Yellow elay, 20; sand

| [ and clay, 3 blue
| elay, 75: sand, 10:
| | blue clay, 72, gravel

[ | and  sand  (heavy
| | water), 101 shaly
rock, 10: hard lime-

| stone, 53.

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

TOPOGRAPHY.

Polk county is located immediately south of the geographie
center of Towa, and the location of Des Moines, the capital and
chief city of the state, within its borders, has made it the politi-
cal and commercial center. The surface is that of the gently
rolling prairie plain characteristic of northern and central Towa,
modified only by its stream-carved valleys. The general eleva-
tion of this plain is approximately 1,000 feet above sca level.

Two distinet phases of the drift plain are present, differing
chiefly in maturity of dissection and topographic age. The line
separating the younger Wiscensin plain on the north from the
older Kansan on the south passes just south of Mitchellville,
Rising Sun, Des Moines, and Valley Junction. About five-sixths
of the county is therefore within the area covered by the latest
glacial invasion, the Wisconsin, and this line marks its southern-
most extension in the United States. The Wisconsin area is
remarkably level, only slight sags and swells being noticeable.
The former are frequently saucer-shaped and hold sloughs and
shallow ponds. The latter are but gentle rises of land between
the sags. The stream valleys are narrow and shallow, and the
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whole area has the appearance of extreme topographic youth.
The Kansan area, on the other hand, presents narrower, flat-
topped divides and broader, deeper stream valleys, the whole
showing the well-drained, maturely dissected topography of a
much older type.

Polk, like the counties of southeastern Towa, is crossed by
master streams flowing southeastward through broad preglacial
valleys. The most important is the Des Moines, meandering in
its broad valley from the northwest to the sontheast corner, 150
to 200 feet below the upland, and dominating almost the entire
drainage. Of less importance is South Skunk river, paralleling
the Des Moines to the northeast, in a valley only slightly less
broad and deep. Raccoon river furnishes a marked exception
to the general trend of master streams and enters Des Moines
river at Des Moines from a direction somewhat south of west.

GEOLOGY,

Allnvial deposits are found on the broad flood plains of Des
Moines, Raccoon and South Skunk rivers and on some of their
leading tributaries. These deposits are especially thick south
of the line marking the limit of the Wisconsin ice, comprising
heavy deposits of gravel in the form of valley trains in
valleys leading sonthward. These are so covered with alluvium
that they can not be distingunished and will therefore be classed
with the alluvial deposits.

The limits of the Wisconsin drift have been ontlined in discuss-
ing its topography. The loess forms a thin veneer over the up-
lands lying outside of the Wisconsin limits and underlies the
Wisconsin in places. The Kansan drift underlies the Wiscon-
sin drift and the loess and controls the topography of the latter.
Tt is the most important superficial deposit in this area. Beneath
the Kansan extensive gravel deposits and buried soil beds ani
an older drift have been noted in places. The gravels are be-
lieved to belong to the interglacial Aftonian stage and the drift
to the Nebraskan stage.

The country rock beneath the drift of Polk county everywhere
belongs to the Des Moines stage of the Pennsylvanian series.
Shales and sandstones, with a few limestones and here and there
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a coal seam, constitute the chief rocks. The Des Moines stage
rests unconformably upon a very uneven surface of Saint Louis
limestone. (See Pls. XIII, p. 626; XV, p. 812; XVI, p. 814.)

UNDERGROUND WATER.
SOURCES.

The aquifers utilized in Polk county are the alluvium and val-
ley train gravels, the loess, the drift, and the sandstones of the
Des Moines stage.

Polk county is well supplied with shallow drift waters. Coun-
tryrock water, however, is very variable and is generally of poor
quality owing to the large amount of mineral matter it holds
in solution.

A valuable water horizon is that of the gravels and sands inter-
stratified with alluvium and underlying the flood plains of Des
Moines, Raccoon, and South Skunk rivers and other smaller
streams of lesser importance, such as Beaver, Big, Fourmile,
Mud, and Camp creeks, tributaries of the Des Moines; Walnut
creek, a tributary of the Raccoon; and Indian creek, a tributary
of the Skunk.

Drive points and open wells find an abundance of good water
at very shallow depths in these valleys. The deposits are espec-
ially valuable in the southern part of the county, owing to the
large amount of gravel spread out upon these valley floors as
valley trains by streams from the melting Wisconsin ice. The
public supply for Des Moines is secured from these beds by a
series of infiltration galleries built into the gravels of the Rac-
coon river valley. Valley Junction also derives a small public
supply from the same source by means of an open well.

In the area south of the Wisconsin ice front the thick deposit
of fine porous clay, known as the loess, is an important source
for shallow wells from which but a small supply is needed. The
chief importance of the loess lies in the fact that it grades down-
ward into a fine sand, becoming coarser and overlying the rela-
tively impermeable till sheet of Kansan age. The common
depth of loess wells is 10 to 20 feet; one well, that of J. G.
Berryhill, in section 19, T. 78 N., R. 25 W., has a depth of 70 feet,
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but this is exceptional. This loess in the Kansan area is a
very uncertain source for water—except in the certainty with
which its wells go dry during droughts.

Within the area occupied by the Wisconsin drift many wells
penetrate the loess and draw excellent water from it, but owing
to the difficulty of distinguishing it from the drift, the two are
better classed together. The water is plentiful because this
porous deposit, lying between the two till sheets, forms a good
storage reservoir and does not dry out so readily as it does
where it is exposed, as in the surface overlying the Kansan. This
is a condition usually favorable for seepage springs, and such
springs are common in the valleys cutting the margin of the
Wisconsin drift.

The drift furnishes water for the great majority of wells in
Polk county. The wells are so variable in depth and the drift
sheets so variable in thickness that it is difficult to distinguish
the different water beds, though several are worthy of mention.

The Wisconsin drift is thin, yet owing to the undrained char-
acter of the surface, it yields much water to shallow wells, which
may be obtained almost anywhere by means of a spade or an
auger. The water comes from small seeps and veins associated
with sand pockets or from thin layers of sand and gravel. With
the usual depression of the ground-water level in dry summer
seasons many of these fail and the wells have to be dug deeper.

A better supply may be found in the sandy lower portion of
the loess wherever this is present between the Wisconsin and
the Kansan. Even in the absence of the loess this horizon is
frequently marked by a gravel or sandy layer which is a strong
water bearer and source of springs.

The Kansan is the most commonly used of all the drift hori-
zons, the water being found, as in the Wisconsin, in small seeps
and veins.

The Aftonian gravel, underlying the Kansan drift, forms a
most valuable source of well water where it occurs, but in this
region it can not often be found unless the gravels immediately
overlying the country rock are of this age.
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The Nebraskan is not clearly distinguished, but where found
it generally consists of a thin layer of gravel and sand lying
on the bedrock beneath the Aftonian gravel, thus adding an-
other possible source of water.

The drift is present everywhere throughout the county, ex-
cept where replaced in river valleys by the alluvium, which is
in itself an even better aquifer. It is therefore rarely neces-
sary to enter country rock except for a larger supply than the
drift affords.

Although water can be found in the sandstones and coal seams
in the Des Moines stage, it is rarely potable on account of its
impregnation with many minerals. The only available sources
in this group are the thick lenses of sandstone, some of which
usually carry excellent water. Unfortunately such thick and
persistent lenses are relatively uncommon in this area. Some
beds exist in the southeast corner and to the north of Ankeny.
but nowhere are they more than local as compared with the Red
Rock sandstone of Marion and Jasper counties.

FLOWING WELLS.

Several deep wells are located in Polk county, the deepest and
best known of which is the Greenwood Park well in Des Moines,
with a depth of 3,000 feet. Water flowed from the Saint Peter
sandstone, but stood 45 feet below curb upon completion of the
well. Others are the courthouse well in Des Moines, 381 feet
deep, flowing from the Des Moines, and the well on the river
bank in front of the Des Moines public library, 461 feet deep,
flowing from a sandstone bed at 360 feet. A flow on the farm
of M. R. Sadler, near Mitchellville, from a coal prospect hole
100 feet in depth, is an example of another class of shallower
wells, some in the drift and some in the Coal Measures.

GAS WELLS.

(tas has been reported in several of the drift wells near Say-
lorville and in the northern part of the county; one opening
owned by Louis Brendel furnishes it in sufficient quantity to
operate a gas burner.
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CITY AND VILLAGE SUPPLIES.

Ankeny—~On the uplands about Ankeny (population, 445)
drift wells 40 to 60 feet deep are common, though some go down
150 feet. These are supplied from layers of sand and gravel
and are variable. Not uncommonly the drift supply is insuf-
ficient, and rock wells are drilled. As the highest rock (the
shales of the Des Moines stage) is in many places 150 to 230
feet deep, it may be necessary to sink to depths ranging from
200 to 400 feet, the last hundred feet being in Saint Louis lime-
stone. An excellent sandstone water is not infrequently found
among the coal shales of this vicinity, but no well-defined sand-
stone layer occurs in the Saint Louis limestone, as it does in
counties to the south and east.

Des Moines.—The public water supply of Des Moines (pop-
ulation, 86,368) is owned by the Des Moines Waterworks Com-
pany. The supply is derived from the grave! beds of the Rac-
coon river valley on the inside of the great bend opposite the
ends of Nineteenth and Walnut streets, in the southwestern
part of the city. The water is collected in infiltration gal-
leries built 25 or 30 feet below the surface in such a way that
the water flows from the bottom only. A section consisting of
loam, river-washed sand and gravel, 45 feet of silt, sand and
gravel, potter’s clay, and sandstone is reported. More than
half a mile of galleries are constructed in a layer of coarse,
clean sand, and gravel, fine and free from silts. They lead by
gravity through a 36-inch cast-iron main into a large pump
well, 48 feet in diameter and 34 feet deep, located on the station
grounds northeast of the river. This is bricked and ecemented
and arched like a great cistern.

An old gallery, 1,450 feet long extends from a small pump
well in the station yard westward along the railroad tracks, and
at its west end a short branch leads directly to Raccoon river.
"In times of great emergency water may be taken directly from
the river, but this has been done only a few times. The esti-
mated capacity of the present system of collecting galleries is
10,000,000 gallons a day at the lowest stage of water. At an
ordinary stage it is inexhaustible with the present pumping
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plant. The actual daily consumption for the year 1911 was
5,258,770 gallons. :

‘Within the pumping station three pumps—an 8,000,000-gallon
Holly, a 7,000,000-gallon Gaskill, and a 6,000,000-gallon Worth-
ington—give a daily capacity several times that yet required.
The Worthington pump is held in reserve and with one of the
others may be connected direct to the river intake in case of
conflagration. The three are supplied with steam from a bat-
tery of five boilers of 110 horsepower each, by which a head of
100 feet is constantly maintained, a pressure ample for any
fire. A direct pressure of 100 pounds for the business portion
and 140 pounds for the higher northwest portion of the city iz
maintained. The lower pressure may be increased to 140 pounds
in case of fire, though this is rarely necessary. About 130 miles
of maing supply 1,303 fire hydrants and 12,315 taps, the latter
through meters. Probably 80 per cent of the population de-
pend on the public water supply.

The Des Moines Linseed Oil Company and the Des Moines
Manufacturing & Supply Company have abandoned drive wells
as unsatisfactory for steam purposes on acecount of boiler pitting
and use the public supply. Both of these companies, together
with the Des Moines Gas Company, treat the water with two
or three pounds of soda ash for 1,000 gallons and find the re-
sults very satisfactory. The Hdison Electric Light Company
and the Des Moines Incubator Works, as well as many other
manufacturing plants near Des Moines river, take their supply
direct from the river. The Des Moines Ice Company secures its
supply from four 26-foot point wells, drawing 40 gallons a min-
ute at a temperature of 64 degrees, for use in the manufacture
of ice and for the condensers. River water is used for the
boilers. The Des Moines Hosiery Mills uses a supply from
eight points varying in depth from 12 o 34 feet, in alluvium and
gravel. The water stands 8 to 10 feet below the surface. The
longer points furnish water carrying increasing amounts of iron
salts in solution. The water is hard and requires compound to
prevent boiler scale. Points are generally renewed every year
or two, on account of ferrnginous and calcareous cement col-
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lecting on the screen. A storage reservoir having a capacity of
10,000 gallons is used. At the former works of the National
Starch Works Company, 114 miles south of the fair grounds, a
supply of 300,000 gallons daily was obtained from 50-foot col-
lecting galleries. The plant is now abandoned, so the water
system is not in use. '

A large private water-supply system is that of the Agar
Packing Company. This company uses the public water sup-
ply for washing and cooking, but does not find it economical
for all purposes. Two sources are used. The first consists of
a battery of seven four-inch Cook points, with five-foot screens,
driven 40 feet into alluvium and gravel. The general section is
as follows:

General section at faclory of Agar Packing Company.

Feet.

Filling - = 6

Ay oW S e = = T e 10

Gravel and sand 24
Clay, hard, blue

40

Water stands 15 feet below the surface, and the wells average
16 pounds vacuum while pumping. The water ‘yields some scale
and rust. This water is used first as a condenser of ammonia in
the refrigeration plant and afterward for washing and scrub-
bing. About 500 gallons a minute is constantly pumped, ex-
cept in freezing weather. The second source is a well 18 feet
in diameter by 16 feet deep, connecting directly with the river
by means of a 12-inch pipe opening with screen in the channel.
About 900 gallons a minnte may be thus obtained. This water
is used for boilers, for which purpose the other waters are too
hard, and for spraying hog péns and similar work. The river
water scales but slightly, and this tendency is easily removed by
the use of a small amount of boiler ecompound. Fire protec-
tion for the plant is had by the use of all the pumps and from
the city system.

The courthouse well has a depth of 381 feet. Its curb is 805
feet above sea level. It flows at the surface from a depth of
370 feet. It was completed by George Garver in 1888.
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Drillers’ log of well at courthouse at Des Moines.

Thick- |Depth.
ness

Feet Feet
Sand and gravel ot 63 63
Slate, black o e ¥ 18 €1
[y ai et At e Rl WA el ) e ey L L T S T e ) T LT S e 3 84
Fire clay 5 29
Slate 24 113
Sandstone 10 123
R, o d T e Wi 10 133
Iron pyrites M e e e 1 o B R 1% 134%
Slate _ 4 138%
Coal blossom ¥ 139
Sandstone and granite | 101 240
Shale with pyrites; shale layers 2 to 4 feet thick | 60 800
Sandstone 39 339
Slate [} 345
Sandstone, with two bands of flint, 18 inches and 9 inches thick, respectively_____ 17 362
SANAIEONE- o oo s i i e 19 ° 381

The Greenwcod Park well (Pl. XVI) has a depth of 3,000 feet
and a diameter of 10 to 3 inches. TIts curb is 872 feet above sea
level, and its head 45 feet below the curb. The tested capacity
is 400 gallons per minute. Sulphureted water from depths of
498 and 668 feet (Mississippian) rose within 30 feet of the sur-
face. Water beds were indicated by changes of level of water
in the tube at several depths between 1.011 and 1,208 feet (Silur-
ian); water from depth of 1,425 feet (Niagaran) rose above
surface; water was found at 2,025 feet (Saint Peter); at 2,208
feet (New Richmond), and 2,330 feet {Oneota). Date of com-
pletion, 1896. Drillers, J. P. Miller & Company, of Chicago. T.
Van Hyning, who supervised the drilling of the well, reported
that when the drill entered the Saint Peter the flow of water in-
creased until it amounted to 114 gallons a minute; pumping 52
gallons a minute for 18 hours lowered the water level 125 feet;
when the pump was stopped the water rose within six feet of
the top but did not flow again. When the drill entered the New
Richmond the water level fell to 50 feet below the surface; in
the Oneota it fell to 80 feet below the surface. Probably other
water beds were struck, for on the completion of the well the
water stood 45 feet below the curb. It still maintained this
level when, in 1902, the city water mains were extended to the
park and the well was closed.
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Record of strata in Greenwood Park well at Des Moines (Pl. XVI, p. 814%).

Thick- |Depth.
ness.
1
Pleistocene (14 feet thick; top, 872 fect above sea level): | Feet Feet
Till, buff, sandy, with & few pebbles; noncalcareous______.___________ | 14 14
Carboniferous: |
Pennsylvanian—
Des Moines stage (484 feet thick; top, 858 feet ahove sca level)—
Shale, blaek, brittle earbonaceous, 2 1 15
Shale, gray, “fossiliferous” 1 16
Shale, black, carbonaceous, caleareous, hlghly pvrxtlfcxous ______________ 3 19
Shnle, AT s e it = P et b sl e T W S el A e 4 23
Shale and limestone, bluish gray, highly fossiliferous.__._________-____ | 15 38
Shale, varieolored 67 105
Shale, bluish gray, highly and finely arenaccous, hard. . o 10 115
Shale, bluish gray, slightly ealcareous, €0 175
Shale, dark drab and black, carbonaceous 11 186
Shales, gray, drab, and purplish; practically noncalcareous; 1 foot ofj
grey chert at 284 feet 312 498
* Mississippian— .
Saint Lonis limestone and Osage stage (200 feet thick; top, 374 fect above
sea level)— |
Chert and shale; heavy bed, very hard to drill; most of the sample is |
an argillo-caleareous powder; the shale is reported as caving in from |
above, but its calcareous nature indicates that it is in part inter- |
stratified with chert and limestone 170 €68
Limestone and chert, brownish gray 30 698
Kinderhook stage (160 feet thick; top, 174 feet above sea level)—
Shale, light blue and gray. 40 738
Shale, terra cotta red, highly calcareous 10 748
Shale, light blue-gray 25 773
Shale, light gray, highly calcarcous; fine cherty residue_._._ ... 85 858
Devonian (80 fect thick; top, 14 feet above sea level): I (]
Limestone, lizht buff; mueh gray chert 80 | 938
Silurian (507 feet thick; top, 66 feet below sea level):
Limestone, light blue-gray, crystalline, saccharoidal; effervescence slow; con-
siderable white gypsum 20 958
Limestone, cherty, crystalline, blue-gray; effervescence moderately rapid-_.__ 53 | 1,011
Limestone, cherty, crystalline, saccharoidal, dark blue-gray and buff; efferves-
cence indicates magnesian limestone, but not dolomite. 97 | 1,208
Gypsum and shale; gypsum gray and white, in flakes; shale grecn, perhaps
from above 156 [ 1,223
Limestone, light blue-gray, hLighly seleniferous: some flakes of gypsmn...___. 145 1,3€8
Limestone, cherty, arenaceous; grains of sand, minute, rounded; much shale
in rounded fragments, perhaps from above 22 1,390
Dolomite, buff, erystalline, granular with much chert and some chalcedonic,
silica; 8 samples 55 1,445
Ordovician: |
Maquoketa shale (33 feet thick; top, 573 feet below sea level)~—
Shales; in large fragments; purplish yellow and green; noncaleareous; finely
laminated 83| 1,478
Galenzll d(ﬁomite to Platteville limestone (508 feet thiek; top, €06 feet below
sea level)—
Dolomite; In yellow-gray powder; cherty. 260 1,738
Dolomites, yellow, buff and brown; mostly cherty; residue flnely qguart-
zose; 5 samples 200 1,938
Shale, green, very slightly caleareous 8 1,946
Dolomite, brown, arcnaceous 30| 1,976
Shale, dark green, hard, ‘‘fossiliferous’; practically noncalcareous_—--.___ 10 1,586
Saint Peter sandstone (39 feet thick; top, 1,114 fect below sea level)— ‘
Sandstone, flne, white; grains moderately well rounded— oo —oc oo __ 39 2,025
Prairie du Chien stage—
Shakopee dolomite (124 feet thick; top, 1,153 feet below sea level)—
Shale; greenish powder of dolomxte, chert fine quartz sand, green shale, |
and pyrite i/ 2,082
Dolomite, arenaceous, cherty. 30 2,062
Shale, drab caleareous; in flnest powder; grains of buff, cherty dolo-
mite 23 2,085
Dolomite, gray 5 2,080
Dolomite, gray; minute rounded vesicles resembling matrix of oolite
from which grains have been dissolved 5 ' 2,095
Dolomite 5 2,100
Shale; as at 2,085 feet; ‘‘exceedingly hard to drill"_ e ___ 40 2,140

New Richmond sanastone (94 feet thiek; top, 1,277 feet below sea level)—
Dolomite, arenaceous, gray; 2 samples Srerim s 9 2,149




894 UNDERGROUND WATER RESOURCES OF IOWA

Record of strata in Greenwood Park well—Continued.

|
Thick-
1 Epei Depth
Feet Feet
Shala, drab, CAJCATROUS o ceuoo i oo e i 5 2,154
Sandstone, white, fine, caleiferous.. 10 2,164
Dolomite, buff ] e 8 2,172
o Sandstone, clean white quartz sand; graips rounded 10 2,182
Dolomiite s el == =~ gt T " 15 | 2,197
Sandstone, buff; grains broken, mueh dolomite___ . _______ 11 2,208
Sandstone, friable, white, fime.____ = 2 2,210
Shale, drab, slightly €AleAr€OUS. o oo oo oo 4 2,214
Senfistome, Wb sl o T e e e e b o e e b 5 2,218
Dolomite, buff, white; mueh quartz sand 3 2,222
Shaler Lo s S e e e R T e S e 2 2,224
Sandstone, gray and buff, caleiferous; most of grains broken... 14 2,238
Shallaca HEBR-DINE S s o e i sl o L A R Rl i 5 2,243
Oneota dolomite (175 feet thick; top, 1,371 feet below sea level)—

Dolomite of various tints, many cherty: argillaceons at 2,250, 2,272,

2,333, 2,340 feet: arenaccous at 2,270 and 2,333 feet: at 2,205 feet there
13 17 feet of white, blue, and green chert; 32 samples.___._____________ 175 2,418

Oambrian (682 feet penetrated; top, 1,548 feet below sea level):

Sandstone, white; fine grains, mostly rough surfaced; some dolomite....____ 12 2,430
Dolomite, brown; in chips w e 2 2,432
Sandstone _.. = 4 2,436
Dolomite, rough, - 4 2,440
Sandstone, fine, white and reddish; 3 samples o 12 ! 2,452
Shale, light blue-gray - 2| 2,454
Sandstone, ecaleiferous, buff ot 4 2,458
Dolomite, arcnaceous, gray, buff, and brown; 6 samples_____ . ___.____ | 30 2,488
Shale, light blue-gray 10 2,498
Dolomite, gray and buff, siliceous 9 2,607
Sandstons,, ‘dray, fne, €aleerons o i o e s o 27| 2,534
Marl, highly quartzose, dolomitie, argillaceous; yellowish powder; 2 samples 19| 2,558
Sandstone, caleiferous, gray and white; 8 samples 12 2,565

Sandstone; in sand and small chips superficially resembling dolomite; cal-

ciferous, glauconitle, elose-grained; grains white, gray and buff; 10 samples 145 2,710
Shale and dolomite; shale hard, bright green, slaty; dolomite white, blghly

glliceous, with muech greenish, translucent amorphous silica, 2 samples; over

one-half of the second sample soluble in acid 20 2,730
Sandstone, buff; in powder, glauconiferous; rock is termed sandstone al- i

though composed chiefly of light eolored particles which effervesce freely [

in acid: {fragments of crystalline quartz form but a small proportion of the|

drillings 20 | 2,750
Sande=tnne. sacrharoidal: dark with purplish tinge, dark eolor due to numerous

grains of glauconite, purplish tinge to ferruginous stains on quartz sand;

sand grains of crystalline silica, rough surfaced, imperfectly rounded, many \

fractured 130 2,880
Dolomite, dark gray, greenish, maecroerystalline, glauconiferons; sparingly

arenaceous - 5 2,885
Sandstone, greenish: grains microseopie ... __________ 5| 2,8%0
Shale, dull gray, flne-grained, and exeeedingly finely laminated.._________._____ 5| 2895
Sandstone, glauconiferous, ealciferous; grains imperfectly rounded, with hard, | E

dark green slaty shale 15 2,910
Marl; in buff flour; microscopically arenaceous; ealeiferous; glaueoniferous.__| 50 2,560
Marl, pink; caleiferous, arenaceous; onc-third of drillings by weight insoluble {

in acid; to bottom of well S = 40J 3.000

Mitchellville—The §State Industrial School for Girls at
Mitchellville is supplied with water from several wells. (See
Pl XV, p. 812)

‘Water is forced into a tank of 1,600 barrels capacity, elevated
on a 90-foot tower, from which 10 fire hydrants and taps in each
building are supplied at a pressure of 45 pounds. The school
consumes about 8,000 gallons of water a day, less than one-fifth
the capacity of the plant.
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Well No. 1 has a depth of 865 feet. The water is strongly
saline and is not potable and the well was abandoned. Driller,
F. J. McCarthy, Minneapolis.

Well No. 2 has a depth of 470 feet and a diameter of 8 inches
to 103 feet, 6 inches to 350 feet, 414 inches to 370 feet, 314 inches
to the bottom; 6-inch casing to 103 feet, and 4%-inch from 348
to 360 feet to shut out a foot of soapstone. The curb is 987
feet above sea level and the head 102 feet below curb. Water
came in at 100 feet but was cased out; also from 320 to 350
feet, heading 50 feet below curb, but the supply was small and
easily reduced by pumping; also from 440 to 452 feet in porous
rock; tested capacity 20 gallons a minute. Date of completion,
1901.

By August, 1904, this well had filled with sediment to 340
feet above its base, or nearly 200 feet above the working barrel
of the pump.

Well No. 3 had a depth of 563 feet and a diameter of 10
inches to 107 feet, 8 inches to 317 feet, and 6 inches to the bot-
tom, casing to 542 feet. The curb is 987 feet above sea level
and the head 63 feet below curb. Tested capacity 15 gallons
a minute at completion of well; present capacity 45 gallons a
minute ; water at depth of 550 and 563 feet. Temperature, 60° F'.
The well was drilled by J. H. Shaw, of Sioux City, and was
completed in January, 1907.

In October, 1912, Mr. Shaw deepened the well to a total depth
of 625 feet with a six-inch bit. At the same time 4Y4-inch per-
forated casing was inserted from a depth of 477 feet, 6 inches
to the bottom. The cylinder is 5% feet long and 4% inches in
diameter. Its top is 46114 feet below curb and a suction pipe
extends 22 feet below the foot valve.

Driller’s log of well No. 1 of the State Industrial School, Mitchellville.

I’I‘hlckness. Depth

Feet Feet

No samples 296 296
Shale 269 565
Rock 45 610
Shale, green 75 685
Limestone and shale. 180 865
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Record of strata in well No. 2 of the State Industrial School, Mitchellyille.

Soll, black i
Clay, yellow _ T B e, s e R 10
Sand 31
Clay, = Pre TR VS e RS, SR T TR TN T S | 35
Clay, gravel, and b _| 2
Clay, yellow 30
Clay, cobhlestones, and gravel __ 3
Clay. 2 e 5
Clay and sand mixed. 10
e d e LY (R S it TN e T wenl  H ETF P R Ty ) A Y 3
Soapstone - 7 |
Boek, e .. e 10 |
Roek. hard with lavers of $line- - . 2%
Seanstone and slate _ 12
Rock, biue o= . 23
Slate and soapston 10
Rock, hard. gray 6
Soapstone with hard laye (dark). 18
Rock, hard, gray -._. 8
Soapstone . | 2 |
Rock. hard - 12
Soapstone, hard 5
Rock, hard, gray | 10 |
10 ek ol g, B s L RS I N R ] e SR e B ] R 2
Rock, hard, with 1 foot of fron pyrites_ ‘ 12
St e ST e ! 5
Rock, hard. with bands of flint__ 7
Sanpstene, hard T 5
Slate, hard, gray | 10
SEnA e e ias e L L | 15
Tron pyrites __ 2
Sandstone. hare 4
1L 7 RS 2
e Rari o7 e R S e L= =SSR e o L 15
Slate, gray L 5
Sandstone. hard, withh crushy layers 24
Slate, gray L.t 21
Sandetone, hard |
Iron wyrites —...__ 5
Sandstone, b
T.imestone | 10
R R R e T e e = T T | 5
SREPAOIR e = 1
Limestone =r e g
Limestone, brown, ervstalline, vesieular; with large ma 4
Limestone, brown: with irregular hlue shaly ma 2
Shale, blue, caleareous, nearly gritless._._._. &
Shale, blue-gray; with disseminated siliccous nodular masses 1
Limestone, brown, vesicular; effervescence moderately slow;

PTIBPONS © Lo fe o e R e e i i e e e e 5
Shale, blue-gray and bufl mottled, m

mimite -girantzose ‘particlad - o loendl e o i, aoiil e | )
Timestone, blue, erystalline, somewhat vesienlar; efferveseence rather slow__i______.____-
YLimestone, blue, erystalline, porous; fossiliferons, with casts and molds; min-! |

utely arenaceous, &TEIACCOUS e o oooo oo e )
Llmestone, mottled gray; much disseminated chert in grains and with geodic) |

cavities with chaleedonie and erystalline quartz |- l
Limestone, yellow and dark gray; mottled like diorite: rather slow efferves.! |

cenee;  argillaccous, minutely areNReEOUS oo e L ‘
Limestone, blue-gray, argillaceous, and green-gray, saccharoidal; macro-! |

erystalline ___ E e TFs L o
Limestone, light brownish gray, saccharoidal, macroerystalline; rapid cﬂ'cr»“

vescence —— 5

Limestone, mottled dark and light gray, vesicular; effervescence rather slow;
macroerystalline-earthy, siliceous, with green disseminated particles of clay
Limestone, blue-gray, vesieular, with cavities lined with chaleedonic andl|
crystalline drusy quartz; with disseminated green clay as above._

‘ 'l‘hickness.‘Dcpth.

Feet
4
14
17

430

450
460
470

»Driller's log to 352 feet; from 532 to 470 description of samples.
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Record of strata in well No. 3} State Industrial School, Mitchellville.

Depth

in
Feet

|
Sandstone, fine, gray; somc effervescence in hot hydrochlorie acid, indicating magnesip:|
cement; somle carbonaceous shale in coarse graing
Sandstone, similar Lo the above; brisk effervescence in hot hydrochloric acid, none in
eold a(id, it Iew crystals of mvrx‘tﬂ
Shale, bILIL gray, fine, rather Liard, no grit
Lun('\Loue :ub(‘ryﬂlallmu gray, fine- gmmod, some dar
similar to that af 174 foet ... e
Shale, dark, flssile, fine-textured
Shale, li‘ght- to dark gr light colored is rd and fine-textured; dark gray i
and crumbles more ¢ y; some caleareous content is indicated by efferv
colld hiydrochloric neid; a litlle sandsione similar to that at 112 and 163 Ieet
Shale, gray, fine-testored . . Ly
Shale, \'hru-gllt(-d Lmy red, green; sample shows gsorne Luatal "rlnn\ which probably
come from magnesian limestone; slight effervescence in Lot hydrochlorie acido .
Limestone, blue-gray, fine-grained, suberystalline; some fragments of fine textnred
shale like that at 811 feet __-
Shale, dark gray, fine wr aa
Clay shale, dark gr no laminae evident: darker than the above; slightly gritty,
hard, clay concretions — ~
Limestone, light groy, fine
hydrac hloric aeid -
Limestone, gray, ~1mlL11
Clay sllu'le, gray, fine- tured; effer
Limiestone, light to dark gray, suberyste
efferveseence in hydrochlorie aeid-.___
Limestone, as al.ove, containing water_
Chert and limeslone; chert gray, fine-gr part of a quartz
geode; limestone, gray caleite and dark gray "muul.u lungstouu cfferveseence irisk
with cold hydroeklorie aecid . __
Limestoue, magnesian, light to dark gray; finely granular;
Shale, blue-gray, fine _____
Limestone, white aod ecr
acid; considerable dark sand and some quariz crystals; \vutc 5
Limestone and chert: chert, milk-white, with oumerous well-formee
stone, gray, granular .. E
Chert and Iimo loue, chert 1»1'urlomlnalm in sample, in small angular, hlue-gray ch
limestone in light vellom <l gray powder and fine sand; abundance indicated chiefly
bv brisk efferveseence in cold 1Cl, Large residue of clay and ehert, with a few sand
grains, after tporough digestion. Samiple contains some blue-gray shale which may
havye comu f101$ gRatl ol s e e i PR E P RE T e e
Chert and limestone, in abont equal .nuounta chert similar to th'xt in sample above;
limestone subtranslucent, crystalline-gr: nnl.lr. somewhat iron stained. Residue alter
digestion in acid chieﬂy chert with some guartz grains and ferruginous gruuules-
L T B e e STy I
Limestone with some chert; limestone in el_yﬂtallme granules and yellowish po“der'
chert as ahove. Residue almost entirely chert, some flne, light gray silica, a few pynle
grains. Sample lighter gray than preceding; sarple at
Limestone in fine, clear, granular sand, brownish gray from ecoating of cal(':lreous
powder; some chert and a little shale, the latter possibly from above. Eifervesces|
readily, residue small, chiefly ehert, with sorme small grains of translucent quartz;
saniple at
Limestone, similar to above, hul less chert pyritiferous, e[icrvesccncc more rapid than
that of higher strata. Residue small, chiefly quartz; sample at

¢, also some

amed pvxlluelous, clysmllme, brisk efferv em(

to

graing of vesicalar pyrite present; brisk

112-120

163-174
174-186

186-191
191-207
207-211
211-240
234-240

240-250
250-260
260-317

317
317-827
327-330
330~ .,iO

260-370
355-419
419-420
420-434

434-440

Limestone, similar to above, litlle chert, cleavage faces of caleite give sparkHng appear-|

ance. Residue small, ehert and guartz grains, together with some elay, as in previous
saniples; sainple at
Limestoue in fine gray and subtranslucent sand; digestion in acid 1evcals presence of‘
considerable quartz in fine grains, also a little blue-gray chert. Some shale and num- [
erous small masses of limestone fragments held by ferruginous cement; sample at_.__|

620

1Description of drillings by James 1. Lees, Assistant State Geologist of Iowa.
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A combination of the data of wells 2 and 3 gives the follow-
ing section:

’ Thickness. rDepth.

Feet Feet
Quaternary (987 to 885 feet ahove sea level . ____ 102 102
Carbonlferous:

Pennsylvanian—

Des Moines stage (885 to 670 feet above sea level) . _____ 215 317
Mississipplan—

Safnt Louis llmestone and Osage stage (6870 to 517 feet above sea level) 158 470

Probably same as last (617 to 377 feet above sea level)oee . _.___ 140 610

Kinderhook stage (377 to 302 feet above sea level) . _______.. 3 685

Below the green shale from 610 to 685 feet ‘“‘the lime rock and
shale,”” extending, according to the log of well No. 1, to 865
feet (122 feet above sea level) may be in part Kinderhook, but
in all probability it includes also some Upper Devonian. If the
saline water of this well is considered as native to the lower
sources, it is possible that the drill penetrated to the Salina (1)
formation of the Silurian.

Another well at Mitchellville, 95 feet deep, draws from a
gravel layer at 80 feet. The water is excellent and is used for
all purposes. The supply may, however, be readily exhausted
by hard pumping.

Saylorville—A boring 1,800 feet deep is 1‘eporteci from the
vicinity of Saylor, in section 12, T. 79 N,, R. 24 W., but no
reliable data regarding it are available. A flowing mineral
well, less than 400 feet deep, situated near Saylorville, in sec-
tion 3, T. 79 N., R. 24 W., is said to discharge about 5,000 gallons
an hour. The source of the water is probably in or immediately
above the Mississippian.

Valley Junction.—The public supply of Valley Junction (pop-
ulation, 2,573) is owned by the Valley Junction Water & Light
Company, which owns two wells that furnish the supply. One
is a flowing well 278 feet in depth which receives its water from
a sandstone bed near the bottom and has a head 16 feet above
the curb. The water is strongly mineral and is permitted to
flow into a cistern, whence it is pumped for fire and emer-
gency use.
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The common supply is taken from a large open well 24 feet
in depth, which draws its waters from the alluvial gravels found
at depths of 12 to 24 feet anywhere in the town. Water stands
within 12 feet of the surface, but it may be pumped out. Water
is pumped from the second well into a tank 22 feet in diameter
and 16 feet high, elevated on a 75-foot tower from which it is
distributed by gravity through two miles of mains to 17 fire hy-
drants and 30 taps; 90 pounds pressure is generally maintained.

Driven wells may be had almost anywhere in the lower part
of town at depths of 12 to 25 feet. The water stands so near
the surface that in case of flood in Raccoon river the cellars
are filled and water occasionally breaks up through the streets.
The open sands and gravels lie immediately under the surface
soils, except where they are covered with a layer of gumbo, and
the ground water rises and falls with the river. Thus water is
easy to get, but is liable to be contaminated. On the hill bored
wells 40 to 50 feet in depth are the rule.

WELL DATA.

The following table gives data of typical wells in Polk county:
Typical wells of Polk County.

| 2 o o |
= = vl
s S "
5 : g < 5 < Remarks:
Owner Location y % [ o ‘ = = ogs given in feet)
21 5| Bz |3
= =3 = =]
] ey @ =
| | Feet | Fee l | Feet
Mrs, Jennfe E. Day 3 miles south ofl._____ [l Des Moines 4 20 |Coal prospect. Water bed,
i Ankeny. | 250 (7).
Fort Dodge, Des Ankeny _ ..o _. 150 ._____|Sand and|— 20 |No rock. Other water
Moines & South- gravel. beds, 75 to 125.
ern R. R.
W. M. Donnaghy¥.¢ miles north of 274’ 200 |- do __._|— 70 |Filled to 274; other water
Ankeny. | | beds 150 to 200, in flne
| sand.
F. H. Hunter-...- 2 miles northeast 265 140 |Sandstone. — 80 |Other water beds, 150 to
of Ankeny. | (Des 200.
i Moines).
Henry Wagner ._- % mile from Ankenyl 380 ‘ 240 |Sandstone.|— €0

City of Des Moines' City Library ..__.. | 461 44 |3ray sand-|+ 7 |Till (alluviam), 44; soap-

stone. | stone, 10; sandstone, 7;

fine clay, 111; slate, 17;

| coal, 4: sandstone, 80;

| | sandstone, striped, some

water, 30; sandstons,

120; sandstone, hard,

striped, water bhearing,

38. Prinelpal water bed

| at 860; another at 225;

flows freely as a park
| well.




900 UNDERGROUND WATER RESOURCES OF IOWA

Typical wells in Polk County—Continued.

™ iy L
‘ A4 = o
o = -
=] 7 [
‘ = 2 2 g Remarks:
Owner Location 2 5 2 Eg . (Logs given in feet)
2| B S =3
5 [ oa Lo
a = 7] o
| STE A Fvt A
Girle Industrial Mitchellville ... 470 ’ 102 [Sand and —102 |Other water beds In rock.
School. gravel.
Do. -—- do 865 |At 350 feet- — 60 |Very hard water.
Do. A S s e ] O e GRAV M lianad No rock.
T. 8. Sayre NW. % sec, 20, T.| 220 |__.__._ [Sand - — 80 |No rock. Slight sulphur
7 N., R. 22 W. taste.
O 00 Ead__ LISWOR (Bee; . 18, T IFE s e 2aee do ._.-1— 25 {No rock, Hard water.

yellow clay, 20; hard
black clay, 100; yellow
clay, with gravel, B5;
| gravel and water.

05} | = 2 \-.--do,___ ______ No rock. Hard water.

Drift or soil, 21; blue
clay, 44; soft blue sand
rock (drift conglomer-
ate); sand and water,

78 N., R. 22 W. ‘ Drift, 25; blue clay, 25;

Beaver Township -|NE. % sec. 25, T.
79 N., R. 2 W

Valley Junction Valley Junction -_.-| 24 |_____. |Gravel ana|— 12 |10 feet in diameter. No
Water & Light quicksand rock.
Co.
DON Ve aakrrl Pt I ¢ o — 278 |...——_|Sandstone_|+ 16 |Flows %-inch strecam; min-
eral.

STORY COUNTY.

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

TOPOGRAPHY.

Story county is at the geographic center of Towa. Its sur-
face, as a whole, is so nearly level, compared with the southern
and eastern parts of the state, that it appears nearly flat—a con-
dition due to the drift deposited over it by the last great ice
sheet. Since this deposition too little time has elapsed to permit
much modification of the gently rolling surface, and the area
remains one of physiographic or topographie youth. Swales and
shallow saucer-shaped basing are very common, but only the
largest streams have developed well-marked valleys. The hills
are inconspicuous low swells, save in a few places where kames
and morainal ridges are well developed. Local relief is slight



UNDERGROUND WATERS OF THE CENTRAL DISTRICT 901

and the maximum difference in elevation, between the highe-i
point on the moraine hills near Summit, with an altitude of 1,075
feet, and the point where South Skunk river leaves the county,
is less than 250 feet.

South Skunk river, which drains the western half of the coun-
ty, and Indian creek, which drains the eastern half, both flow
southward through fairly well developed preglacial valleys.
Their tributaries, however, are few and poorly developed, and
ponds, small sloughs, and undrained areas are common. Many
of the smaller tributaries as well as most of the ponds are in-
termittent, frequently disappearing in dry seasons.

GEOLOGY.

The glacial drift is thickly spread over the surface of the en-
tire county except in the valley floors of South Skunk river and
its chief tributaries, Squaw and Indian creeks, where it has
been eroded away or covered with alluvium. In the South Skunk
river bottoms below Ames and along Indian creek at Maxwell
these deposits have been found to be from 50 to 100 feet thick,
showing the preglacial character of the lower portions of the
valleys.

Two drift sheets at least are present, the Wisconsin and the
Kansan. They are separated by the loess and in many places
by sands and gravels (the Buchanan), beneath the loess. Be-
neath the Kansan another gravel bed (the Aftonian) is locally
present. The bedrock is everywhere the Coal Measures (Des
Moines stage), except in the west-central portion about Ames,
where South Skunk river and Squaw creek have cut through
these into the Saint Louis limestone. The cutting was made
possible by a decided arching of the strata. Surface exposures
of the bedrock are comparatively rare, owing to the depth of
the superficial deposits.

Aside from the low anticline which elevates the Saint Louis
limestone along South Skunk river about Ames and the minor
irregularity of the surface, Story county shows no structural
features worthy of mention. The Des Moines stage has a
maximum thickness of about 200 feet, is of varying character,
and dips slightly southeast. (See Pl XI, p. 458.) The thickness
of the drift layers is extremely variable.
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UNDERGROUND WATER.
SOURCES.

In Story county water is drawn from the alluvium, the Wis-
consin drift, the loess, the underlying interglacial sands and
gravels (Buchanan), the Kansan drift, the sands and gravels
(Aftonian) beneath the Kansan, the Des Moines stage, the
Saint Louis limestone and deeper beds.

Alluvium in quantity sufficient to form a water bed is limited
to the valleys of South Skunk river and Squaw and Indian
creeks. Here, not only beneath the flood plain but under the
well-marked terraces which lie from 20 to 30 feet above it,
coarse gravels and sands of glacial and fluvial origin alternate
with clay and silt for depths of 50 to 100 feet and form a fairly
distinet water province, whose importance is enhanced by the
fact that several towns, including Ames and Cambridge on South
Skunk river, and Maxwell and Towa Center on Indian creek,
are situated within it. All these towns draw their supplies from
these deposits, which yield a satisfactory quantity of good water.

The creamery well at Cambridge® illustrates the character of
the strata.

Record of creamery well at Cambridge.

Feet ‘ Feet
Loam and yellow clay 10
Sand and gravel 10 20
Clay, blue 26 45
Sand, fine 10 55
Gravel, coarse 10 ‘ 85

The width of the alluvial area averages about half a mile along
each stream, except on South Skunk river from Ames south-
ward, where it is about two miles.

As in all the other areas covered by the Wisconsin drift sheet,
the drainage of the Wisconsin area in this eounty is immature
and the ground-water level so near the surface that the chief
source of underground water for all purposes has been shallow
bored and dug wells. The depth of the Wisconsin till, 20 to
80 feet over the general upland, is so great that in the earlier
1Be}?§r, S. W., Geology of Story County: Iowa Geol. Survey, Vol. 9, p. 206.
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days -comparatively few wells penetrated it even to the loess.
Cultivation and artificial drainage have, however, lowered the
ground-water level and this, together with the increased demand
for stock water, has necessitated the deepening of old wells or
the sinking of new ones, and the latter as a general rule have
been bored or drilled. Most of them draw their supplies from
the sand and gravels between the two great drift sheets, which
still remain the source most commonly utilized in the county.
These beds give rise to many springs where they are exposed in
the stream valleys, and though some are intermittent many are
perennial and form an excellent supply for stock pastures.

Deeper drift wells reach a fairly persistent and satisfactory
bed beneath the Kansan, in the sands and gravels immediately
overlying the bedrock, though many good wells are obtained in
local sand layers higher up. The depth is variable owing to the
great variations in thickness not only of the Kansan but of the
overlying Wisconsin; depths of 100 to 130 feet are common in
the western portion of the county, and depths of 150 to 300 feet
are not uncommon in its eastern portion.

The relations of the Kansan aquifer to the bedrock below, as
well as the general drift relations, are shown in a well section
given by S. W. Beyer,! and interpreted by Norton.

Log of Larson well in the NE. 1, sec. 5, Lafayette Township.

T ] ==
( Thiekness. Depth.

Wigeonsin drift: Feet ! Feet
Soil and yellow clay. 1 10
Clay, blue 15

Loess: .
Quicksand 20

Kansan drift: .
Clay, blue and yellow mixed 25
Quicksand 26
Clay, blue 103

Aftonian gravel:

153
159
161
176

=~y ot (= K=}

~3

Sandstone, gravel, water bearing
Des Moines stage:

Sandstone

Chert E

Shale, blue and black; coal; flne clay; and shale, black

5‘\!‘:0 g

The heavy deposit of sand and water-bearing gravel is some-
what anomalous and may signify a preglacial channel. In some
portions the Kansan is so thin that it is difficult to distinguisb
its upper beds.

~ 1Geology of Story County: Iowa Geol. Survey, Vol. 9, p. 197.
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The record kept in the sinking of the Iowa State College well
is of value in showing the relations of the drift horizons.

Record of upper portion Iowa State College well.

Feet
Till, yellow and gravelly; upper portion rodifled Into soil 1- 18
T R T T e et W e B S T N e e s I, | 16- 32
Till, blue; someo yellow clay. =T -l 32-35
SHRd;.  FAIOT . e ke ks . 85 40
Till, bluish green, contaings an abundanee of gravel .. 40- 50
Silt, ssh-brown; with greenish tinge, loesslike, but finer. __. ' 62~ o1
EMt; ERgRily - arenaeOmE . s e et e et ik g e b ] | 102
Sand. Ery ot MEEdendleE e e e e e ] 105
Sand; wilth enarse gravel; water bearing___._ : 110-120
Shale, light bluish gray, calecareous, and cherty..- | 126

A gravel layer about 16 feet below the surface is the probable
source of a spring which furnished the earlier water supply of
the college. A sand and gravel bed 10 feet in thickness at a
depth of 40 feet and the coarse sand and gravel near the base of
the well all indicate excellent supplies sufficient for ordinary
use, though they have in late years proved .insufficient to meet
the demands of the college.

A few wells penetrate the entire drift and, entering the bed-
rock, find a satisfactory supply in sandstone lenses in the Coal
Measures (Des Moines stage). These layers are so local and
variable that no general prediction can be made concerning them,
and their water is in places too highly impregnated with sul-
phur salts to be valuable for domestic use. As a rule, this
group is here chiefly composed of shales and therefore practical-
ly dry. These beds are absent in the small area about Ames and
Soper’s mill, but reach a maximum thickness of 200 feet in the
southwestern portion of the county. A driller’s log indicates
the type of well.

Log of Tilden well, in the NE. % sec. 12, Franklin Township.

Thickness. “Depth.

Feet Feet
Soil and yellow clay (Wisconsin) 45 45
Sand and clay (loess) 10 55
QOlay, blue (Kansan) - 63 118
Slate 12 130
Sand; with coal and water. 8 138
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The Saint Louis Jimestone lies so deep over most of the county
as to be beyond the reach of ordinary wells, and its shaly
character makes it less certain as a water bearer than it is farth-
er south. However, sandy layers mingling with the shaly beds
beneath the heavy upper limestone supply. a number of wells
ranging from 130 to 400 feet in depth.

At the Towa State College, at Ames, and at Nevada, the deeper
beds have been drawn upon.

DISTRIBUTION.

In the eastern part of the county the stock wells are generally
deeper than in the western part. Depths of 200 to 300 feet are
not uncommon, the water being drawn mostly from sandstone
beds of the Des Moines stage. Bored wells in drift are suf-
ficient for ordinary household purposes and small farms.

Throughout the southwestern portion of the county farm wells
200 to 400 feet in depth are most common, but few of them enter
bedrock, abundant water being supplied by heavy gravel layers
in the base of the drift. Cambridge, Maxwell, and Towa Center,
in the sonuthern portion of the county, draw their supplies from
the alluvial sands interstratified with the silts of South Skunk
river and Indian creeck. Wells 200 to 300 feet deep are common
in the southeastern section. One of these is ntilized for a small
town supply at Collins.

Several small and well-defined artesian basins are found in
the northern part of Story county, in the bottoms of valleys,
and have their origin in the drift. Beyer® describes these basins
as follows:

Of these, Keigleys Branch, Zearing, and Dyes Branch constitute the most
noteworthy artesian basins in the order of their importance. Watking’s well is
the strongest well in the Keigleys Branch basin and may be considered typical
of the area. The sequence of strata passed through is as follows:

Soil, 3 feet; clay, yellow, 17 feet; clay, blue, 35 feet; gravel and sand, water
bearing, 7 feet; blue clay penetrated.

It is reported that the drill dropped 9 feet on reaching the gravel and that
water carrying gravel with it spouted out with great violence. Bowlders of sev-
eral pounds weight were thrown out. The water contains much suspended sedl-
ment. Temperature, 48° F.; rate of flow, 28,000 gallons per hour.

1Geology of Story County: Iowa Geol. Survey, Vol. 9, pp. 230-232.
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There are numarous other flowing wells in this vicinity, but all of small flow.
In the majority of instances the temperature is 2° or 3° higher than in the
case of Watkins’s well and about 5° higher than in ordinary shallow wells in the
same locality, which show a temperature of about 45° to 46° P.

In the Zearing basin all of the wells are located on the bottom land along
Minerva creek, within a radius of a mile from the town of Zearing. All are of
small capacity and vary from 60 to 90 feet in depth.

Along Dyes Branch several flowing wells have been developed. The water-
bearing stratum is reached at from 80 to 120 feet below the surface, the depth
depending upon the position of the mouth of the well. The water is of good
quality, but, as in the case of the preceding basins, it carries considerable fer-
ruginous matter, ag evidenced by the taste and by the brownish rust which coats
all vessels in which the water has been allowed to stand.

Several other flowing wells are known at widely separated points in the
county, but in every case they are of small capacity and possess little of general
interest.

The Skunk valley at Story City and the Bear creek valley at
Roland are also noteworthy artesian basins. In the former is

located the city well of Story City.

CITY AND VILLAGE SUPPLIES.

Ames.—The location of Ames (population, 4,223) on the ter-
races of South Skunk river and Squaw creek insures an abun-
dant supply in the alluvial sands at no great depth. The city
supply is drawn from a well 10 inches in diameter, drilled with-
in the casing, which was driven as fast as the well was drilled
to a depth of 99 feet, and finicshed with a 10-foot screen. The
water is thus drawn from coarse sands and gravels at a depth
beyond danger of surface contamination. The head is usually
about 48 feet below the surface.

The Chicago & North Western Railway uses a similar well
in which a Cook strainer was sunk to a depth of 104 feet. The
water stands 30 feet below the surface. The log is of interest
in this connection.

Record of Chicago & North Western Railway well at Ames.

1’I‘hlckness. Depth.
= R My L
‘ Feet Feet
Loam, sandy 20 20
Sand, blue, and clay i 85 55

Gravel, coarse 10 65
Sand, water bearing 89 104
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One of the most important supplies in this vicinity is that of
the Towa State College of Agriculture and Mechanic Arts. (See
Pl. XTI, p. 458.) Formerly an abundant and excellent supply had
been obtained from the gravels underlying the Wisconsin till,
but this source failed entirely in the dry summers of 1894 and
1895. The well has a depth of 2,215 feet and a diameter of
12 inches for 120 feet, 10 inches for 300 feet, 8 inches for 648
feet, 6 5-6 inches for 362 feet, 534 inches for 505 feet, and 5 inches
for 280 feet, to the bottom. It is cased within 280 feet of the
bottom ; no repairs made. The curb is 1,000 feet above sea level,
and the present head is 20 feet below the curb. The original
pumping capacity was 100 gallons a minute; present yield, 100
gallons a minute; yield can be materially increased by speed-
ing the pumps. The well was completed in 1897 by Gray Broth-
ers, of Chicago. ,

The water beds are stated by Beyer to be the Jordan, the
New Richmond, and the Saint Peter. Pumping tests indicate
that the water-yielding ratio of these formations is 15 to 4 to
1, respectively.*

The temperature observations of this well made by Byer®
are of especial value. When the tests were made the well was
practically full of water and had not been disturbed for more

~ than a month. No corrections were made for convection cur-

rents nor for conduction. A Miller-Casella self-registering maxi-
mum-minimum thermometer was used. The instrument was low-
ered and the depth measured by a steel wire which passed around
a calibrated drum. Readings were taken every 100 feet. The
mean annual temperature at Ames is 47.2° F.; the temperature
at 2,100 feet below the surface is 63.4° F.; and the average
gradient is 1° F. for every 129.6 feet of depth.

Record of strata in dcep well at Ames* (Pl. XI, p. 438).

Plelstocene (120 feet thick; top, 1,000 feet above sea level): Depth in feet.

Till, yellow, sandy to gravelly; upper portion modified into soil-_._._ 1-16
Till, blue, sandy L 16-32
Till, blue; some yellow clay P 32-35
S0 B0t P g B TR BB T L T RNl — T RS L 35-49
Till, greenish blue; abundance of gravel and cherty limestone peb-

bles; matrix effervesces freely with dilute hydrochloric acid.. .. 40-50

IBeyer, S. W., Towa Agricultural College water supply, Ames, 1897, p. 11.
2Idem, pp. 13-14,
*Idem, pp. 6-9.
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Silt, ash-brown; with greenish tinge, calecareous and absorbent,

TSI It SIS e L S e . e g 62-97
Silt, slightly arenaceows o ool o . 102
Sand, very fine, light yvellow T e e [n 105
Sand; with coarse gravel, water bearing; quartz pebbles abundant;

limestone fragmenls Breasalte omoee o oo o e e 110-120

Carboniferous (Mississippian) (30 feet thiclk; top, &80 feet above sea

level): 5
Shale, light bluish gray, calcareous, cherty._ 126
Limestone, blue-gray, argillaceous. pyritiferous.. 151
Limestone gray, argillaceous; SOmMe QUAIrtZ. .o o cocmmeee 160-170
Limestone, light gray, soft. even-textured, cherty; effervesces very

freely with weak hydrochloric acid. . ecaaen 183
Limestone, slightly argillaceous. 200
Limestone and shale..____..________ 210
Shale and limestone 240
Shale, blue, noncalearcous, 310
Limestone, argillaceous: tending toward an onlitic facies; e

strongly with. dllute hpdrpeliloria Al - o o o e o 315
Shale, with fragments of white limestone;

ROy T e e e e L 320
Shile; - anrtlhy, bing, SPFER@cE@ER ~ . oot~ il e 825
Shale, light reddish brown; some green shale, slightly caleareous.___. 330
Limestone, blue-gray:. some green shale and brown limestone.._..._ i)
Limesione, Drown, Dt e ole o e s et e i o e o B 2 1IN 385
Limestone, brown; fragments of white cherty limestone and angular

quartz grains - 35
Limestone, brown, argillaceous 400
Shale, light gray, highly calcarecous. 415
Stals, ' Bray-Rare cdafinamabuisr ot S oo F S i TR s e i 416-420

Devonian (510 feet thick; top, 550 feet above sea level):
Limestone, yellowish gray; some carbonaceous matter o oo o oo 420
Limestone, white, compact_. 440-456
Shale, light Dbinish gray 467-475

Shale and limestone
Shale and limestone
Limestone, white, and shale, greenish blue, noncalcareouS. oo oo
S —HE R e R e e e e e e B
Limestone, gray-blue: fragments of brown limestane and
Limestone, gray-blue

Limestone, gray, and shale, blue and aH
Timestone, fossiliferous B0-610
Limestone, gray-brown, suberystalline #15-640
Limestone, gray-brown, and shale__.___ 06I5-660

Limestone, buff, suberystalline ——..___. . 650-680
Silurian (150 feet thick; top, 270 feet above sea level):

Limestone, buff; earthy luster: soft: effervesces moderately with

) T e e R L T G0
Limestone, blue and butt; the latter in part vesicular and magnesian.. 700
Limestong,  drab, henly argtingemus e S e & 8 0 oL L0 L 7
Limestones; several kKinds; one a buff earthy limestone, finely lami-

nated, effervescing slowly, the laminae marked by dark gray bands 720
Dolomite, light gray-__ 730

Lrolomite, brown and gr

[V o7 S S L e L R L 740
Limestone, butt __.________ 750
Shale, ollve-green 2 735
Limestong, bRl - sl - 3 ~-175, 815-830
Shafe and Ilmesione. 840 -850
Dolomite, ash-gray 860
ULt R P e o T s L Y e e e N |70
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Urdovician:

Maquoketa shale (160 feet thick; top, 120 feet above sea level)—
sShale, green, plastic, noncalcareou
Shale, brown; slightiy or not at all calcareous; 2 sampleS__o—.____
Shale, blue and green, noncalcareou
sShale, brownlsh, slightly calcareous
Shale, brownish; white fragment
Shale, blue, noncalcareous
Shale, earthy brown, calcareous__..... L
i e |- Bltie, e e R e e e e e e e

(alena and Platteville limestones (38 teet thick; top, 40 feet below

sea level)—
Limestone; sharp drillings in an argillaceous powder___ .. _____
Limestone, white -- s =
Limestone, white; much argillaceous material
Limestone, gray-blue, with blue shale and white chert.__..____.___
Limestone, gray-blue, compact; white chert in abundance; drill-
IhES SHArpIr RETIINT At e = o D L e T LTS
LivneStonke; s abeowe, buif-bews eReRie 2t v o8 LT kg
Limestone, slightly earthy, gray-blue_.
Limestone, gray-blue, mariyv..__.__________
Limestone, buff, magnesian, marly-
Limestone,
Limestone,
shale ___
Limestone, brown, soft
l.tmestone, gray and brown, cherty - ..
Limestone, gray; considerable reddish brown re
deil T E e OREREY e L e e e
Limestone, gray, with green
l.imestone, gray, siliceous
Shale, green, tisslle, noncalcareous, fossiliferous and pyritiferous;
fossiles identified, Dalmanites pygidia and Isotelus (Asaphus)
pyvgldia resembling some forms of 1. gigas Delkay; llafinesquina

eous black and green
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1,040

1,110-1, 13
1,140-1,170
-~ 1,180-1,150

1,200

--- 1,210-1,230
——- 1,240~1,260

1,270
1,280
1,290
1,300
1,210
1,320

-—- 1,330-1, 380

alternata, Orthis subequata, O, fissicosta,and othier Orthides__._ 1,3%3-1,410

Saint Peter sandstone (70 feet thick; top, 420 fcet below sea level)—

Nandstone, fine-textured, white; grainsg even and well waterworn_. 1,421-1, 460

SANdSEenT, - CHIQIPBFONIS | ALl o, oa el e s T 8 el et Lo o g

Prairie du Chien stage (610 feet thicl; top, 490 feet below sea level)—
B 2oy (uporn - M S 1 NP R oy e it e o T AR o) YRR ) RS
Dolomite and sandstone; some doubly terminated quartz crystals__
Sy A | snpiy = el M i o etk oy B T e e, e A T N
Dolomite

Lolomite, coarse sand, and green shale
Sandstone and dolomite; sandstone varying in size of grain
Sandstoneé; grains angular
Dolomite .-
Dolomite, b a oy e e e el T
Dolomite, arenaceous and cherty._..
Sandstone, fine-grained, angular, calcareous cement
Sandstone, yellow; much siliceous dolomite__
Dolomite, highly arenaceous
Dolomite, white, finely gquartzose
Dolomite, arcnaceous 3 -
mar], yellow; in argtllo-calcareous powder, cherty, quartzose..._
Dolomite
Dolomlte, highly arenaceous ..
Dolomite
Dolomite; chert and sand.
Sandstone
Dolomite
Dolomite, arenaceous

1,470-1, 480

1, 4990-1, 50

1, 510
1,520
1, 530
1.540
1, 550
1, 560
1,570
1,580

1,539-1,6%0

1.610
1,620

. 1,630-1,640

1,630

- 1,632-1, 680

1,690

- 1,760-1, 710
- 1,720-1, 73

- 1,770-1,7%0
- 1,800-1,830

1,540
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LDolomlite, arglllaceous and arenaceoOUS_ . ___________.__________ 1,850
Dolomite 1,860-1, 880
Dolomite and sand.- 1,890-1, 810
Dolomite, hlghly arenaceous ... 1,520
SE D TEIC o)y (e e Y S S, SRR D ety R T 1,930
{75 n] oo e S T PR R e R, S S e TR LS i i = miior s 1,950-1, 960
Dolomite, arenaceous, grains well waterworn 1,070~1, 500
Dolomite, arenaceous; some green shale__ . . . _____ 2,000-2, 010
Dolomlte = e . - 2,020-2, 040
DOIbINTte, AIENIp- arenageony - o . o a0 ol 2,060
Dolomite e = 2, (60-2,070
Dolomite, arglllaceous - ____ 2,080
Shale, blue, noncalcareous 2,000
Cambrlan:

Jordan sandstone (115 feet penetrated; top, 1,100 feet below sea level)—
Sandstone; with dolomite and a little blue shale. oo _ 2,160
Sandstone, white and waterworn; a small percentage of the grains

A0 5 b R 0,1 e SOUT iy B S eyl g 8 5 SV et T s LI Sy 2,110
Sandstone, white; grains fine, sharp —o-oeoooooo__ L 2,120
Sandstone; as above, with coarser well-rounded gratns__ 2,130
Sandstone, whlite; grains fine, even, well worn._.__________ -- 2,140-2,175
Send&tone, - wiiter tExturs VARG v et Sl b S 2, 186
Sandstone; grains stained red with iron oxide; red and green shale;

gralns larger than above and more angular; iron pyrites and a

black mretfallle miTieTal PREOSERE - cna. e ol e e S L e 2,195
Shale, pbrownish red, arenaceous_. 2,206
g R | e e e e e e 2,215

Nevada.—The city of Nevada (population, 2,138) has two dis-
tinet sources of supply, a shallow open well 25 feet in depth,
drawing its water from a coarse gravel bed, presumably at the
base of the Wisconsin, and a drilled well 980 feet in depth, reach-
ing the Silurian aquifers. Water is pnmped chiefly from the
shallow well and the deeper one is held in reserve, because of
the expense of pumping the latter from a depth of 300 feet and
because its water is strongly mineral.

The shallow well yields only about 500 barrels a day and is
easily pumped out in dry summers. The water is distributed by
gravity from a tank, capacity 35,000 gallons, elevated on a 90-
foot tower, and a pressure of 50 pounds is maintained on the
main streets. Mains 514 miles long supply 35 fire hydrants and
about 140 taps. About one-fourth of the population use the city
supply, and all others are provided with shallow wells from the
same aquifer.

The drilled well (PL XTI, p. 458) has a depth of 930 feet and a
diameter of 11, 8 and 6 inches; casing to 810 feet. The curb is
1,005 feet above sea level and the original head 103 feet below
curb. The water bed is at 940 feet (Silurian), and the tested
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capacity, 200 gallons a minute. Date of completion, 1895. Drill-
ers, Palmer & Sandbo, of Caledonia, Minnesota.

Driller’s log of city well at Nevada.

\ Thickness | Depth

Peet FPeet

Clay, yellow 30 30
Clay, blue (] 86
Olay, yellow = ) 10 46
Sand ._. | 55 101
Clay, tile 20 121
Shale 50 171
Clay, black 75 246
Slate . 3 249
Coal and slate. 3 252
Clay, light gray 156 267
Shell lime rock =l 15 282
Lime roek, white, mixed with flint 50 432
Granite, blue | 50 482
Limestone, blue ‘ 93 576
Shale, red ! 8 588
Limestone, blue . 80 653
Soapstone i 8 671
Limestone, white | 98 769
Limestone, blue ! 32 801
Clay, blue : ] 3 804
Limestone, blue ; 55 859
Limestone, white i 40 B899
Sandstone, dark ; 35 934
Sandstone, white - 10 944
Sandstone, red | 12 956
Sandstone, white 1 8 964
Sandstone, red 4 968
Limestone, white | 12 980

The clay shales and coal from 101 to 267 feet may be inter-
preted as the Des Moines stage. The Mississippian includes the
“‘limestone mixed with flint’’ and the so-called ‘‘granite,’’ and
the Kinderhook may be represented in at least the upper part
of the blue limestone from 482 to 663 feet. Under this interpre-
tation the limestones from 671 to 899 feet may be Devonian,
and the sandstone beneath them may be dolomites of the Silur-
ian. Certainly no sandstone is to be looked for at this horizon.

Nevada is 1,005 feet above sea level. The artesian water used
for city supply is so highly mineralized that it is important to
know whether a better water could not be had by drilling deep-
er. This question may be answered in the affirmative. The
records of the present city well are regrettably incomplete and
inconclusive, but the very scant data seem to show that the sup-
ply is drawn from the Silurian and higher strata. Had the
well been drilled deeper it would have found a much better water
and the supply would also have been increased. Should the
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present well be deepened or another drilled, the Maquoketa shale
may be expected within 50 or 100 feet below the bottom of this
well, and tliis dry shale may reach a thickness of 150 feet. The
Galena and Platteville limestones, underlying the Maquoketa,
should yield some water, especially above the green shale at or
near the base of the Platteville, but the drill may fail to find
water by failing to strike a crevice. The Saint Peter sandstone,
the first reliable water bed, would normally be encountered at
about 600 feet below sea level, or about 1,600 feet below the sur-
face, but the presence of an upwarp of the strata in this viecin-
ity, as shown by the deep well at Ames, may bring this sand-
stone 100 or even 200 feet higher. Below the Saint Peter abun-
dant stores of water will be found in the Prairie du Chien stage
and the Jordan sandstone, and the well may be sunk with advan-
tage to 2,300 or 2,400 feet, although a supply sufficient for pres-
ent needs may be fonnd within 2,000 feet. The well should be
cased water-tight to the Maquoketa or to the Galena.

Story City—~The public supply of Story Uity (population, 1,-
387) ecomes from a flowing well which just reaches rock at 100
feet, the aquifer being the Aftonian gravel at the base of the
Pleistocene. This overflows at the surface at the rate of about
50 gallons a minute into a cistern from which it is pumped into
an elevated tank which furnishes a pressure of ahcut 40 pounds
on the maing. The flow has slightly decreased.

The same aquifer is gererally drawn upon by the deeper wells
in this vicinity. In those located on lowlands the water fre-
quently flows and in all it rises nearly to the surface. The supply
from these wells is very abundant and good. Where but a
moderate quantity is needed, it is obtained at depths of 25 to 30
feet.

Minor supplies—Though shallow bored wells are common
near Gilbert (population, 235) for household purposes, drilled
wells 100 to 200 feet in depth are generally necessary for stock
wells, and both the lower drift gravels and the ecountry rock fur-
nish the water. Maxwell (population, 754) has two wells 80 and
100 feet in depth; a tank with a capacity of 1,300 barrels, ele-
vated 60 feet from the ground, receives the water from the
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pumps, and from this it is distributed by gravity to the few

fire hydrants and taps necessary for the village.

sure is available in ease of fire.

WELL DATA.

Direct pres-

The following table gives data of typical wells in Story county :
Typical wells of Story County.

T

: 5
o) £ oa
[=] @m ki |
E ° eg Remarks:
. o o A e .
Qwner Fochiton 2 @ @ % | i (Logs given in feet)
a £ 2 =2
2| % == | 53
5 () [=8-1 DO
a A 73 =
1 1
Feet | Feet Feet |
H. 0. Wickham.._. SW % see. 10, T. 365 2 |“Rock’” (Des|— €60 |
21. Moines).
R. D. Tresseler -__|2 mlles southwest| 98 | 90 |—oommmmmeo +4 Flow 16 gallons & minute.
of Gilbert. | |
J. Welgle oo 7t miles north of 38 150 |“Rock"”.___.| — 40 |Pleistocene: Yellow eclay,
Gllbert. | (Saint | 18; sand, 12; blue clay,
Louis?) 120. Des Moines: Slate,
| | 50. Saint Louls: Fine
clay mingled with
| streaks of hard rock,
Ames 99 Sand and | 188.
(slhog e e gravel. — 48 10 inches diameter 10 foot
| sereen,
Henry Byal ... 54 miles south otl 420 | 200 |Saint Louls _{—180 Soil, 2; yellow eclay, 25;
Collins. sandston.e blue eclay, 53; sand, 2;
blue clay, 118; slate, 10;
sand rock, 8; slate, 2;
sand rock, 12; slate, 1;
| sand rock, 20; slate, 1;
| roek, various changes,
176. No water above
418,
Jos. Olinger _____.|2h miles northeast| 288 | 125 |Sandstone...|—138 “In_salternating hard rock
of Maxwell ‘ and sand rock.’
Sam Miller ... 2% miles uorthwestw 118 [ 100 .o-u O ceeee =
of Maxwell i i
Frank Fish Collins ... | 298 | 180 Brown sand-\— 90
stone.
G. Eliott- - Lo 3 mliles east ot‘ (oL s Aftonian (9)|— 20 Soil and yellow clay
Collins. sand. | (Wisconsin), 12; sand
‘ (loess?), 6; sand, coarse
(Buchanan), 8; clay,
| yellow (Kansan), 8;
‘ clay, blue (Kansan), 23:
gand and water (Aftou-
ian?), 3.
B, Olson ... 8% miles north off 100 |______| ... — 60 {Bored. Cased with 12-
Slater. ineh tiling. Soil and yel-
| low clay, 16; blue clay,
i 50; yellow eclay, sand
: and water, hard dark
i clay, 34. Good supply
] of hard water.
Chieago & NorthlaAmes _____________ 108 Lo o2 Sand and (— 30 |Cook well strainer.
Vgestern Raflway ’ gravel. |
0.
(6] Nevadah —oocoeeeeo. [ A Coarse |—10 |12 foot dlameter; capaclty
gravel, 500 barrels a day.
DO el - AN o 100 (Silurian sand|—150 [Mineral. Poor boiler water.

rock.

Sand water beds at 25
and 100 feet.

58
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WEBSTER COUNTY.

BY W, J. MILLER AND W. H. NORTON.

TOPOGRAPHY,

Webster county is situated in the middle of the Wisconsin
drift and in most parts shows the almost perfectly flat surface
configuration so common to all the counties covered by that
drift sheet. Ome very marked deviation from the generally flat
country is the deep valley cut out by Des Moines river, which
enters the north-central portion of the county and passes out at
the southeast corner. Several tributaries of the Des Moines in
the northwest have also considerably modified the flat country.

GEOLOGY.

The drift is represented by both the Kansan and the Wis-
consin sheets, each of which extends over practically the whole
county. The rock formations under the drift are represented
by the Mississippian, Pennsylvanian (Des Moines stage), and
Permian. The Des Moines stage extends over all except the
northern part of the county, which is underlain by the Missis-
sippian. The Permian, which ecarries gypsum, occurs in
isolated areas on either side of Des Moines river in the vicinity
of Fort Dodge.

The drift deposits have been for the most part laid down hori-
zontally, although abrupt thickening and thinning of the beds
are shown. Along Des Moines river they appear to follow the
slopes of the river bottom. Little is known regarding the strue-
ture of the older rocks, but they are probably nearly horizontal.
(See Pls. VI, p. 310; XVI, p. 814.)

As is generally the case in counties of central Towa that are
covered by the Wisconsin drift, Webster county has two impor-
tant drift-water horizons, one beneath the Kansan and the other
beneath the Wisconsin. Some wells have gone through the drift
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and into the underlying rocks, where they have obtained water
from limestone or sandstone.

In Webster county comparatively shallow drift wells are num-
erous and yield good supplies of water. Rock wells are scarce.
Nearly all water is rather hard.

UNDERGROUND WATERS.

SOURCES.

So far as the existing supply of water is concerned, the most
important aquifer in this county is the sand or gravel beneath
the Wisconsin drift, which in most places lies within 100 feet
and in some places within 35 to 50 feet of the surface. Except
along the stream hottoms the sand or gravel beneath the Kan-
san drift is reached at not less than 100 feet and in places at
not less than 200 or 230 feet. Locally the Wisconsin has been
completely removed by erosion along the main waterways and
the first important aquifer to be reached is that beneath the
Kansan instead of that heneath the Wisconsin. This is particu-
larly true in the vicinity of Fort Dodge. Locally water-bearing
sand beds may occur within either the Wisconsin or the Kansan
drift.. .

Some wells have gone into the rock formations below the
drift, as along the river north of Fort Dodge, where the Saint
Louis limestone is reached, and farther south along the river
near Lehigh, where the Coal Measures (Des Moines stage) have
been reached. A few deeper wells in the high-level country have
also gone through the whole drift and into the Coal Measures,
where water is obtained cither from limestone or sandstone.

DISTRIBUTION.

No distinet water provinees exist in Webster county. Condi-
tions are very similar over the entire county, except along the
principal drainage lines where some flowing wells occur, as along
Des Moines river near Fort Dodge and along the tributaries
of the Des Moines near Lehigh and Dayton. It is thought that
the source of water in these flowing wells is at the base of the
Kansan, the Wisconsin having generally been stripped along
the streams.
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SPRINGS.

Springs are uncommon in Webster county, except along drain-
age lines—the Des Moines and its branches. Several large
springs occur along Lizard creek near Fort Dodge. A mineral
spring is utilized at Kalo and many small springs may be found
along the larger streams.

CITY AND VILLAGE SUPPLIES.

Dayton.—Dayton (population, 717) pumps its water by gaso-
line engine from a well 688 feet deep and distributes it by
gravity with a pressure of 45 pounds. There are 1 1-5 miles
of mains and 16 fire hydrants; 400 persons use 10,000 gallons
daily. The water is hard. The well (Pl. XVI) has a diameter
of 10 to 6 inches. The curb is 1,089 feet above sea level and the
head 111 feet below the curb. The water, which comes from 570
to 688 feet, is lowered 100 feet by pumping. The well was com-
pleted in 1895 by J. H. Shaw, of Sioux City.

Driller’s log of well at Dayton.

I Thickness. ‘Depth.

B Feet Teet
Soil and yellow clay. 25 25
Qlay, blue 50 76
Sand, white, and bowlder b 80
(lay, blue, or shale 25 105
Olay, yellow, or shale 20 125
(lay, blue or shale 83 208
QOoal 3 2n
Clay, blue, or shale 24 235
Clay, black or shale. 25 260
(lay, blue or shale 110 370
Limestone, brown 48 418
Limestone, white 247 665
Limestone, blue 15 680
Limestone, white = 8 638
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| _ Record of strata in well at Dayton (Pl XVI, p. 814).

Thick- [Depth.
ness.
Quaste}'lnary (163 feet thick; top, 1,089 feet above sea level): !'eet‘ Feet.‘
O ~
Clay, stiff, light gray, calcareous 21 25
THll, blue; 3 samples 50 7%
Sand, coarse 8 88
Till, blue 22 106
Till, yellow, and fine gravel 20 125
Till, blue; 8 samples 38 168
Oarboniferous:
Pennsylvanian—
Des Moines stage (207 feet thick; top, 926 feet above sea level)—
Shale, drab, caleareous; 4 samples 45 208
Coal and coaly shale 3 211
Shale, hard, drab 24 285
Shale, dark reddish brown, nearly black. 25 200
Shale, drab 40 800
Shale, black; 4 samples from 300 to 350. 70 870
Mississipplan—
Saint lLouli)s lmestone and Osage stage (155 feet thick; top 719 feet above
sea leve)—
Sandstone, light gray, flne-grained; in chips 20
Llmestone, brown, and chert, drab; some chips of black shale from
| above 28 418
| Limestone, light yellow-gray; brisk eflervescence; In part oolitle, in
| part enerinital; 5 samples 107 525
i Kinderhook stage (163 feet penetrated; top, 564 feet above sea level)—
Dolomite, hard, light brown, crystalline, porous; in sand; 2 samples.__ 30 555
Limestone, magnesian, drab, erystalline; moderately slow effervescence;
in thin chips; 3 samples 45
‘ Chert, light gray; siliceous oolite, drab; some brown limestone; 8
samples 65 665
| t Ohert, light gray, and brown limestone 15 680
| Limestone, gray, cherty; slow effervescence; some flne quartz eand;
| fine sand 8 688
[}

; Fort Dodge—The water supply of Fort Dodge (population,
| 15,543) is obtained from a deep well and is distributed by direct
i pressure and by gravity. The domestic pressure is 100 pounds
' and the fire pressure 125. There are 20% miles of mains, 122
fire hydrants, and 1,359 taps. The daily consumption in summer
is 1,600,000 gallons and in winter 900,000 to 1,200,000 gallons.
The city well at Fort Dodge (Pl. XVI) has a depth of 1,8271%
feet and a diameter of 15 inches to 278 feet, 1314 inches to 328
feet, 12 inches to 499 feet, 10%% inches to 1,056 feet, 81% inches
to 1,390 feet, 6 inches to 1,421 feet, and 5 inches to the bottom of
the well. It is cased between 1,0361%4 and 1,056 feet, 1,332 and
1,390 feet, and 1,375 and 1,43834 feet. The curb is about 1,011 feet
above sea level. A flow from ‘‘gravel’’ at 328 feet was 144 gal-
lons a minute; at 1,497 feet it had increased to 316 gallons a
minute; at 1,535 feet it measured 314 gallons a minute; at 1,578
feet it had risen to 484 gallons a minute; and at the completion of
the well supplies from still lower beds raised the total amount
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to 571 gallons a minute. Temperature, abotit 55° F. The well
was completed in 1907, at a cost of $8,000, by the Miller Artesian
Well Company, of Chicago

Since 1908 two additional wells have been drilled for city
supply. Well No. 2 has a depth of 670 feet and a diameter of 20
inches at the top and 131% inches at the bottom. It is a flowing
well and ‘discharges 150 gallons a minute. Well No. 3 is lo-
cated 1,000 feet from the other wells. Tt is 215 feet deep, 8 inches
in diameter and flows 600 gallons a minute. The combined flow
of the three wells in Mareh, 1912, was reported at more than

1,500,000 gallons in 24 hours.

Record of strata in city well No. 1 at Fort Dodge (Pls. VI, p. 310; XVI, p. 81}).

Depth.

! Thick-
Dess.
Feet ‘ Feet
No ‘Bamples = L L= T8 S O, e T N e 98
Carboniferous (Mississippian) (450 feet thick; top, 913 feet above sea le‘cl) |
Limestone, ‘buff; slow eflervescence; in sand = R N 4 98
Sandstone, yelow-gray, caleiferous and argillaccous T e e 10 108
Shale, tough o) V7 0 PR el Rl | L 20 128
No record .i.... 10 | 138
Limestone, {light vellow-gray, in finest meal, residue argillaceous and siliceous;
and xhalo greenish gray: minutely sandy md Tmw- = 10 | 148
Shale, tough greenish; 3 snmples ol o 3 178
Limestope and shale 10 ‘ 188
Shale, bluish o i 10 198
Shale and limestone _______________ 10 208
2B TR VO | 0T L e e . T T 2 20| 228
Limestone, oolitic, white or light yellow, soft: rapid effervescence; 2 samples 20 248
Limestone, minntely arenaceous and pyritiferons ___ i 10 258
I = AT el R Tven Gl &, 8 e R e T e 10 268
Shale ¥ PR el IRl W e 10 | 278
Limestone; rapid effervescence; light colored; 3 samp]cs __________________________ 30 | 308
Limestone, magnesian 10 | 318
Limestone, white, erystalline s | 10 2928
Limestone, bufl; slow effervescence | 10 | 838
Limestone, yellow, crystalline; rapid efferveseence | 10 | 348
Limestone, buff, moderately slow efferveseence- . . ... 10 35
No samples 20 388
Limestone, cherty 10 398
Limestone, buft, 10 368
Limestone, bufl, hard, vesicular; considerable calcite; slow efferveseence__._.___ 10 418
Limestone, as ahove; drah cherty —— 10 428
Limestone; rapid eﬂ‘ervoqcencr' in large :hlm __________ — 10 438
Limestone, as above; cherty 10 448
Limestone; slow eflervescenee; cherty _____ 10 458
Limestone; drab; rapid efiervescence Tt 10 468
Shale; in concreted powder; light blae-gray; caleareous _______________________ 10 478
Shale and limestone; shale, green, nonecaleareous; limestone, yellow; rapid
effervescence 10 488
Dolomite, dark blue-gray; in fine sand_______ 10 498
Dolomite, dark drab, porous, subcrystalline; in chips 10 508
Limestone, in fine drab sand: slow effervescence, residue pyritiferous, argil-
laceous, and minutely quartzose ___ ... __________ i 10 518
Shale, greenish gray; in econereted calearcous powder - 10 528
Limestone, blue-gray: slow effervescence: some yellow limestone of rapid effer-
vescence; sonte chips of calearcous greenish shale 10 538
Shale, hard, green, flnely laminated; somewhat ealearcous_._ .. ___________ 10 548
Devonian and Silurian (310 feet thick; top, 463 feet above sea level):
Limestone, bufl and light yellow, soft; rapid effervescence; some shale from
above 10 558
Limestone, in fine wbite meal; rapid effervescence: bt 10 568
Limestone; light buff and drab; moderately slow effervescence..____.__ .. ___ 10 678
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Record of strata in city well No. 1 at Ft. Dodge—Continued.

Thiek- (Depth.
ness.
Feet Feet
Dolomite, light blue or light yellow-gray; in flne sand; at 598 macrocrystal-
line; highly vesicular; in large chips; 5 samples 50 628
Limestone, blue-gray; rapid efferveseence___ 10 638
Dolomite, hard, eompact, subcrystalline, yellow and blue-gray; 2 samples;
some greenish shale at 648 feet 20 658
Limestone, yellow and gray; rapid effervescence; some greenish shale____.__.._ 10 668
Limestone, buff, compact; slow effervescence; some shale _______________ 10 878
Dolomite, hlue-gray, compact, suberystalline; in lmge chips; some shale_ 10 688
Dolomite, light and darker blue-gray; 2 samples; in flne sand —-voeeeee- 20 708
Shale, highly calcareous, in light gray loosely concrcted powder; some dolomlte 10 718
Shale, as above; light Dblue 10 728
Dolomite; buff 10 738
Dolomite and shale; dolomite drab, rough; shale, blackish, bituminous, burns
with flame ___ 10 748
Dolomite; drab, earthy 10 | 768
Dolomite; light buff, dense 10 768
Dolomite; drab; considerable blackish shale; 2 samples 20 788
Shale, blue, clayey, and buff dolomite; chips of both rusted on surface to
ocher yellow 10 798
Limestone, magnesian, or dolomite; drab, earthy 10 808
Dolomite; drab or bufl; mostly in erystalline sand; 5 samples_ . 50 858
Ordovician—
Maquoketa shale (250 feet thick: top, 153 feet above sea level)—
Shale, blue; in calcareous, concreted powder; 4 samples 40 898
Limestonpe; rapid effervescence: bufl and gray, soft 10 908
Shale and limestone; shal®, green, pyrititerous; limestone, light buff, fine
crystalline, granular; slow effervesccnee 10 918
Shale; in highly calcareous, blue-gray concreted powder ___ . _____________ 10 928
Limestone or dolomite, bufl, hard; in sand, some greenish shale, probably
from above 10 938
Limestone and shale; limestone, light gray, rather soft, moderately slow
effervescence, fine crystalline granular; in sand; shale, in blue powder..__ 10 848
Shale; in light blue-gray, highly calcareous powder, eonereted; 15 samples;
some white chert at 958 feet, much white chert at 268 and 988 feet; lime-
stone, gray meagnesian at 98§ feet, cherty from 1,058 to 1,098 feet._______ 150 1,098
Shale, bright green; in chips; chips of white nonmagnesian limestone and
white chert 10 1,108
Galena dolomite (170 feet thick; top, 97 feet below sea level)—
Dolomite and chert, light gray 10| 1,118
Shale, in gray concretcd powder, calcareous 10 1,128
Dolomite, gray; in flne sand, mingled with powder of shale; 2 samples______ 30 1,168
Shale or marl, in light yellow conereted powder; highly calecareous; residuc
cherty and argillaceous = 10 1,168
Limedsong, grivyy: ih Saod: maeh dhert - o | | 10 1,178
Dolomite, crystalline, vesicular, yellow-gray and blue-gray; 4 samples__.___ 40 1,218
Dolomite, light buil; muech white chert 10 1,228
Dolomite, light buff and drab; 2 samples. 20 | 1,248
Dolomite, gray and buff; subcrystalhne much chert; effervescence slow; 3
samplcs e ey s e M ey 30 1,278

Platteville limestone (130 feet thick top, 267 feet below sea level)—

Shale, highly caleareous; in greenish gray, Ioosely conereted powder; residue

cherty and minutely arenaceous; 5 samples 50 1,328
Dolomite or magnesian Iinmstone; buff; like that at 1,258 feet . ____._.___ 10 1,338
Shale, green-gray, calcareous; chips of argillaceous limestone at 1,338 feet;

4 samples __. — 40 1,378
Shale, bright green, hard, fissile_ 10, 1,388
Shale, dark brown, fissile, hituminous: burning with flame; with limestone

of rapid effervescenee __.__ 10 1,398
Shale, as at 1,478 feet, a few fragments of brown, bituminous shale-_...__ 10 1,408

Saint Peter sandstone (50 feet thick; top, 397 feet below sea level)—
Sandstone, light gray; largest grains 0.8 millimeter diameter .. ____ 10 1,418
Sandstone, white and light yellow, clean; 4 samples 40 1,458
Prairie du Chien stage (310 feet thick; top, 447 feet below sea level)—
Dolomite, gray, hard; some quartz sand; 3 samples 30 1,488
Sandstone. elean, white; grains rounded: 5 samples 50 1,538
Dolomite and oolitic chert and quartz sand 10 1,548
Dolomite and guartz sand; 5 samples 50 | 1,598
Sandstone 10| 1,608
Dolomite, gray, crystalline; arenaccous in chips 10| 1,618
Sandstone and dolomite; white fine-grained sandstone; a very little admix- |

ture of dolomite; 3 samples 60 1,678
No samples . 4 40 1,718
Dolomite, gray, bard, erystalline; in fine clean sand; 2 samples _.________ 201 1,788
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Record of strata in city well No. 1 at Ft. Dodge—Concluded.

Thick- [Depth.
ness.
5 Feet Feet
Sandstone, white, and dolomite; chiefly quartz sand with a few grains of
dolomite 10 1,748
Dolomite, In small chips; with muaeh white quartz sand 10 1,768
Sandstone and dolomite; as at 1,738 feet 10 1,768
Oambrian:
Jordan sandstone (59 feet penetrated; top, 757 feet below sea level)—
Sandstone, clean, white; 2 samples 20 1,788
Dolomite and chert with sandstone; mostly sand 10 1,798
Sandstone, clean, white; 2 samples 20 1,818
Dolomite and sandstone; dolomite, gray; sandstone, white; drillings
chiefly sand 9 1,827
Analyses of drillings from city well at Fort Dodge®.
Depth of samples, in feet
CaCO;-——-. - 58.85 49.24 47.09 45.48 47.05
M-SSJU.. 39.49 40.01 40.63 31.25 41.26
A G e e T s L T 11 .92 el o s o, .67
S10. - 2.18 1.65 2.01 17.60 7.69
AlpOy .39 7.37 8.54 .96 2.42
Bea.O 25 87 .33 1.50 .80
Ha0. 94 .48 .61 3.21 .65
99.69 i 100.04 | 100.21 | 100.00 | 100,04
A flowing well at Fort Dodge has a depth of 127 feet.
Driller’s log of Fort Dodge flowing well.
\ Thiekness. [Depth
4 Feet Peet
Black soil, yellow clay, and blue clay. 31 81
Limestone 8 87
Shale, blue 27 64
Limestone 6 70
Sandstone, white, and water 2 (e
Sandstone, white 40 112
Limestone (no water) - 15 127

Gowrie—Gowrie (population, 829) pumps its public supply
from a well 620 feet deep, and distributes it by gravity with a
pressure of 40 pounds through one-half mile of mains to 10 fire
hydrants and 10 taps. Sixty persons use the water, consuming
15,000 gallons daily. The water is hard. The well has a diam-
eter of eight inches to 200 feet and six inches to bottom; casing
to about 350 feet. The head is 50 feet below the curb and the

a Made in chemical laboratory of Cornell college, Mount Vérnon, Iowa.
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temperature 45° K. The well was completed in 1902, at a cost of

$1,150, by Mattock & Louke, of Jefferson, Towa.

According to the driller’s log, soil, yellow clay, blue clay, and
shale prevail to a depth of about 155 feet, limestone from 155
to 315 feet, and water-bearing sandstone from 315 to 620 feet;
according to another report, the well ig mostly clay and shale to
the depth of 200 feet.

WELL DATA.

The following table gives data of typical wells in Webster

county:
Typical wells of Webster County.
: Q
% g oL
e 2 2%
Owner Location i & g ﬁ: Rgmar};s’
& = § i3 (Logs given in feet)
‘ s > =)
& | 8 ‘ 55 | 22
=} A 5} s
Peet | Feet Feet
Charles Danfels .__!8 miles east-north-] 235 | 187 |Sandstone-|— 65 |Black soll, 2; yellow clay,
east of Lehigh. 16; blue clay, 170; black
jack or shale, 80; sand-
stone, 15; very white
sandstone and water,3.
W. H. Goodrich.._|4 miles east of Le- 120‘ 112 1Sand ~—.-- + 15 |Flow from drift sand.
high. | Black soll, 2; yellow
’ clay, 28; blue clay, 86
sand, 40; blue clay, 8;
| | fine sand and water
| (flow), 3; limestone, 8.
___________ +—. Fort Dodge ._...._-.| 127 81 Sandstone-|+ 8 |Pressure, 12 pounds; wa-
4 il th-| 866 | 85 'Limest 75 | Pom b%"'b"' lin
ounty Farm _..__ miles west-south- Limestone |— [ umpe; y gasoline en-
0 7 west Fort Dodge.-- ] to gine. Black soil, b&;
| —100 | yellow clay, 16; blue
[ clay, 65; gypsum, 10;
light colored shale, 11;
coal, 4; limestone, 5;
shale and limestone alt-
ernations, 91; limeatone,
59; potter's clay, 2:
| sl?lgmestone and water,
A. W. Hawley.___.|2¢ miles east-south-] 227 | 112 Sandstone. — 40 |First water in drift sand
east Ploneer. | at 100 feet. Black sofl,
| yellow clay, blue clay,
I | 100; sand and water,
| | i 12; black-fack or shale
‘ i 114; sandstone and wa-
c ter, 1
Peter Nelson ... 8 mlles northeast| 125 |.—.... Sand . |~ 50 |No roek.
3 Vincent. |
Z. W. Thomas.__.[6 mlles southwest-| 219 | ___|....d0..._[— 40 Do.
south Barnum. I L
PR {11 R — 8 miles east-north-| 68 .. | _._ d0 .—-— 8 (Bored well, 12-inch tiling.
east Fort Dodge. } o rock.
Plymouth Gypsum (1} miles southeast| 54 54 __._do -_-I— 12 'Bored well to gypsum.
Co. Fort Dodge. \
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Typical wells in Webster County—Continued.

Owner Location
Minneapolis & St. |GOWIie —e—eee———_
Louis R. R.
* Town of Dayton___|Dayton — oo
Chicago & North|-.__.. e s
Western Ry.

2! Depth
o,

688

Depth to Tock

-

1

Soft muck
(€3]

3 =
A o
2 s
— o3
© =k Remarks:
8 oz (Logs given in feet)
= 9L
25 | g3
7] | e
Sandstone.|— 60 Steam pump for locomo-
tive. Black soil, 3;
yellow clay, 8; blue
clay, 30; shale, 70;
harder shale, 45; lime-
stone, 160; sandstone
and water at bottom,
; 309.
Limestone. —I11 |Gasoline engine pump
(see p. 916.)
+ 2 |Plows, used for locomo-

tive. No rock. Yellow
clay, blne clay, sand,
gravel, €0; clay or soft
shale, 7; soft mueky
¢lay or shale and wa-
ter, 1.
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CHAPTER XIII.

UNDERGROUND WATERS OF THE SOUTH-CENTRAL
DISTRICT.

INTRODUCTION.

BY W. H. NORTON.

The south-central distriet embraces the twelve counties of
Adair, Appanoose, Clarke, Decatur, Lucas, Madison, Marion,
Monroe, Ringgold, Union, Warren and Wayne. The entire
area is underlain by the Pennsylvanian series, the Des Moines
stage forming the country rock over the eastern counties and the
Missouri stage that over the larger part of the six western
counties. :

Deep wells have been drilled at six points—Centerville (PL
XVI), Pella (Pl VIII), Flagler, No. 10 Junection, Corydon and
Osceola. Of the first five wells sets of drillings, or the drillers’
logs, have been preserved; but four of these wells are situated
along the eastern horder of the area, and of the Osceola well
nothing is known except the depth. Both geologic structure and
artesian conditions are thus left largely to inference. The
deeper strata of southern Jowa form a trough whose axis ex-
tends from Des Moines to the southwestern counties of the
state. In south-central Towa the water-bearing beds of the
early Paleozoic terranes dipping toward this axis reach their
maximum depth in the soutlrwestern counties of the district.
The surface, moreover, rises toward the west. For these rea-
sons the Saint Peter sandstone lies more than 2,000 feet beneath
the surface, except along the eastern border. (See Pl. XVI,
p. 814.)
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The sandstone at the base of the Pennsylvanian series is not
persistent in the eastern part of the district, but the meager
facts at hand indicate that it thickens to the west. It yields water
at Glenwood and at Bedford, in the southwest district of the
state. 1
In the eastern counties, where the cover of the Pennsylvanian
is thin and is cut by the major river valleys, the base of the
Pennsylvanian is found to vary widely in elevation. This is
due not only to local upwarps and downwarps of the strata but
also to the strong unconformity that parts the Mississippian ser-
ies from the Pennsylvanian. The map (fig. 7, p. 1101) exhibits the
conjectural elevation above sea level of the base of the Penn-
sylvanian in south-central and southwestern Iowa. The data
on which the map is constructed consist of a few drill holes,
sunk in search of coal, and deep wells at several points in Iowa
and northern Missouri. From Polk county southwest to Bed-
ford the Mississippian descends about 650 feet; from Polk county
due south to Chillicothe, Missouri, it falls in the aggregate but
250 feet. F'rom Centerville west to Bedford it falls 733 feet; from
Bedford west-northwest to Glenwood it rises 140 feet (P1 XVIII,
p.1100) and west to Nebraska City it rises 150 feet. From the map
it will be seen that the Mississippian floor forms a shallow trough
extending from near Des Moines to the southwest corner of
the state. The line of the maximum depth may not coincide with
the Des Moines to Bedford axis, although it is necessarily so
drawn, as these two points are those of maximum known depth.
The sag may also be narrower than represented and be bounded
on each side by more level surfaces. In the eastern counties the
contours bend somewhat sharply southward, and as shown by
the depth to the Mississippian at Chillicothe, Missouri, they
must bend to the southwest before reaching that town. To the
west the contours also extend southward, as shown by the gentle
dip of the floor from Lincoln, Nebraska, to Glenwood, a dip aver-
aging some three feet to the mile. In using the map (fig. 7, p.
1101) it should be remembered that the known points are far
apart and between them may intervene minor sags and swells
entirely unknown. Erosion valleys cut into the Mississippian
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before the Pennsylvanian was deposited may lower the floor in
places 100 or 200 feet below the estimate.

In southeastern Towa the Mississippian series; especially the
white limestone of the Burlington and the sandstones in the
Saint Louis limestone, are aquifers of local value, but although
these beds continue under this area they yield small and uncer-
tain supplies. A sandstone of Silurian age is known to occur at
Pella and at Centerville and sandstones apparently too high for
the Saint Peter and probably to be placed in the Silurian are
reported at Ottumwa, Bloomfield, and No. 10 Junetion in Mon-
roe county. How far west these sandstones may extend is alto-
gether problematic; but the Silurian continues to be a water
bearer by means of its limestones beyond the western limits of
the district. The heavy magnesian limestones assigned, because
of their anhydrite beds, to the Salina (%) formation of the Sil-
urian yield water at both Bedford and Glenwood, and will prob-
ably also yield water in this area at depths nowhere exceeding
1,000 to 1,100 feet below sea level. The water at Bedford, how-
ever, is so highly mineralized that it is worthless.

Soon after well No. 3 at Centerville was drilled in 1904 its
water contained 1,228 parts of solids, but the solids regularly in-
creased to 2,545 parts in 1908, probably due to the deterioration
of the casing and the entrance of the upper harder waters. Well
No. 2 reaches only into the Silurian and, according to the analy-
sis by Dr. J. B. Weems, contains a very much larger amount
of mineral matter than the other Centerville well.

The Maquoketa shale may not extend far into the south-cen-
tral district, and probably to the south and west the Silurian and
(Galena merge in an unbroken series of magnesic limestones.
These limestones should be water bearing, but at what particu-
lar levels can not be predicted, nor is it certain that any given
well will find a water-bearing crevice. Moreover, the quality of
the water is unknown, but very probably, in the western part of
the area at least, it is too highly mineralized for an acceptable
city supply.

In the eastern counties the Saint Peter and the water beds
subjacent are to be reckoned as dependable artesian assets, and
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here artesian wells can be recommended, though the water 1s as
a rule highly mineralized. The failure of the deep city well at
Pella (Pl. XIII, p. 626) to secure potable water has had a dis-
couraging effect in its own and adjacent counties—an effect not
wholly counteracted by the successful wells at Bloomfield and
Centerville (Pl. XVI, p. 814). The Pella well was sunk only
about 60 feet below the Saint Peter. The mineralized waters
of the higher fermaticns were first cased out, but as the supply
from the Saint Peter proved insufficient, the casing was pulled
and all waters allowed to mingle. No analysis was made of
the Saint Peter water while it alone was admitted to the well.
Had the casing been retained and the well drilled a few hundred
feet deeper, an abundant supply of good water would probably
have been obtained, as at Ottumwa (Pl. X, p. 448).

Eixeept in the eastern tier of counties the depth to the Saint
Peter and the water beds below it is so great that the sinking
of deep wells to these deeper formations is not recommended.
Nowhere south and west of Des Moines have these deep terranes
been reached by the drill." At Chillicothe, Missouri, almost due
south of Des Moines and a little more than 50 miles beyond the
state line, a deep well found at 250 feet below sea level a sand-
stone referred by Shepard to the Saint Peter,” the overlying

Ordovician and the Silurian being supposedly absent. If this
reference is correct—and it is corroborated by the rise of the
sandstone southward from Chillicothe to outerops near Missouri
river—there may be a gentle rise of the Saint Peter from Polk
and Warren counties due south as well as southeast. As the
Chillicothe section is made up from a driller’s log, it is possible
that the sandstone in question is the Silurian sandstone found at
Centerville and elsewhere in southeastern Iowa. In this case
there is still a rise of the strata southward from Des Moines, but
one much more gentle. To the west the first accurate data ob-
tainable as to the Saint Peter are from the deep well at Lin-
coln, Nebraska, where the Saint Peter was reached at 127 feet
below sea level. The wells at Council Bluffs, Glenwood and

*Underground waters of Missouri: Water-Supply Paper U. S. Geol. Survey
No. 195, 1907, p. 67.
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Bedford, as well as those of Forest City and Burlington Junc-
tion, Missouri, all fail of reaching this terrane. The drill hole at
Nebraska City, Nebraska, reached the summit of the Decorah
shale at 1,824 feet below sea level and the Saint Peter was
reached at a depth of 1,853 feet below that level. These faets
point to a wide trough in the older Paleozoic rocks, whose axis
extends southwest from Des Moines to the southwestern coun-
ties of the state. The descent of the axis is probably very gentle,
being much less than the southwestern dip of the strata of north-
eastern Towa, unless the strata below the Pennsylvanian thicken
toward the southwest. From the axis the rise of the strata to
the east is exceedingly gentle; to the west and north it seems
considerably steeper. The hypothetical elevation of the Saint
Peter is seen in the map (Pl. III), which is based on several
assumptions—that the Saint Peter descends from Des Moines
to the southwest as other terranes are known to do as far as
Forest City, Missouri; that it descends from Glenwood east-
ward, as other terranes are found to do as far as Bedford (PL
XVIIT, p. 1100) ; that the upwarp of the strata seen at Chilli-
cothe, Missouri, deflects the contours somewhat to the sonthwest
in the southern counties of the district; that along the axis of the
trough the strata between the base of the Mississippian and the
Saint Peter maintain and somewhat increase the thickness which
they show at Des Moines.

The table below shows the elevation above sea level of the
chief towns of the district, and the estimated depths to the base
of the Pennsylvanian and that to the top of the Saint Peter.
These estimates are not so accurate as those made for the east-
ern and northern parts of Towa, but even if they are as much
as 300 feet in error, they will serve to indicate in a general way
the depth to which wells must be sunk to reach these horizons.
Another unfavorable condition is the high altitude of towns
along the divide between the Missouri and the Mississippi, on
account of which the water will stand low in the wells.
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Artesian estimates for towns in the south-central district of Iowa.

4 ’ 1 0 th tlcnl
e
| depth

s e

& ‘ =

Town B Jh o 52

' 89 Pag g

| *¥ e l a e SR

o @ ': oa “;4.‘

=) figee gu

Feet Feet Feet
Albia G e i 1,700
Chariton 1,042 576 2,100
Corydon 1,105 ‘ 750 2,050
COreston Laz | 1,295 | 20900
Greenfield 1,368 | 1,150 | 2,650
Indianola 976 | 460 | 2,176
Knoxville 909 | 1,850
Leon 1,019 | 820 2,826
Osceola 1,187 876 2,660

ADAIR COUNTY.

BY HOWARD E. SIMPSON,

TOPOGRAPHY.

Adair county is in the southwestern part of the state. Its
surface is a high, slightly rolling drift plain, across which runs

e ““Great Divide.”” The crest of the divide passes southeast-
ward through Adair and on across the county. North of Green-
field it branches and the secondary extends through Greenfield
to Creston in Union county and southward beyond the state line.
West of this branch the drainage is southward to the Missouri
through tributaries of the Nodaway. The drainage of the small
triangle between the two branches passes southeastward to
Grand river, another tributary of the Missouri. The northeast
one-third of the county is drained into the Mississippi through
Middle and North rivers, tributaries of the Des Moines. The
county contains no ponds or undrained areas.

GEOLOGY.
TLoess mantles the uplands of the entire county, in the east-

ern part with the fine, light, clayey type typical of southern Towa,
and in the western part with the darker, less clayey kind, char-
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acteristic of the Missouri valley. The Kansan drift thickly cov-
ers the area, and well sections in many parts of the county indi-
cate that heavy beds of Nebraskan drift are general. The drift
is very thick, especially in the western half of the county.

The Dakota sandstone underlies the drift in the western third
of the county, and is in turn underlain by Carboniferous rocks
(Missouri stage). The Missouri stage, which lies beneath the
drift in the eastern two-thirds of the county, comprises heavy
limestones, interbedded with thin, light shales.

UNDERGROUND WATER.
SOURCE AND DISTRIBUTION.

Few wells in the county fail to obtain water from the drift.
In many places sandy beds are found beneath the loess, be-
neath the Kansan, and beneath the lowest drift sheet, and as a
rule all of these are water bearing. Many shallow wells rely
entirely on seepage from the loess, but such wells are likely to
fail in dry seasons. On the uplands the entire drift yields so
scantily that many stock farms resort to ponded storm water.

All wells passing through the drift into the soft, porous Da-
kota sandstone find, at depths ranging from 150 to 300 feet, an
abundant supply of good water that rises within 100 to 230 feet
of the surface. Neither dry holes nor undesirable water have
been reported. In the area underlain by the limestones of the
Missouri stage the drift is a little thinner. The wells in that
part of the county range in depths from 100 to 250 feet, and
the water is invariably hard. No deep wells have been bored in
this county.

The southeastern portion of the county is the most favored
in the matter of ground water. Bored wells, ranging from 20
to 50 feet, are common, and a few are much deeper. Drilled
wells obtain excellent water from the Dakota sandstone at depths
ranging from 200 to 300 feet.

SPRINGS.

The sandy layers of the drift supply water to seepage springs,
but few such springs yield sufficient water for a stock farm. A

few stronger springs, whose waters may come from the Dakota
59
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sandstone on the adjacent divide, are reported in the south-
western part of the county along the valley sides of the East
Nodaway and its tributaries.

CITY AND VILLAGE SUPPLIES.

Adair—Adair (population, 900) is situated on the crest of
the Mississippi-Missouri divide, a region where the drift is so
thick that it is difficult to obtain a satisfactory supply of water.
An unsuccessful well was sunk by the city to a depth of sev-
eral hundred feet, but unfortunately no complete record exists.

Most of the residents are supplied with water by wells dug or
bored into the loess or by cisterns. Five cisterns, with a capacity
of 200 to 350 barrels each, a gasoline fire engine, and 900 feet
of hose furnish the fire protection for the city.

Greenfield—In Greenfield (population, 1,379) drift wells 30
to 60 feet in depth afford the general supply. A public supply
used for drinking and for fire protection is obtained from 30
dug wells eight feet in diameter. A city well drilled some years
ago into limestone of the Missouri stage to obtain boiler water
for the electric light plant was abandoned because the water con-
tained so much sulphate of lime and magnesia that it was unfit
for the purpose. The well was 221 feet deep and was sunk 13
feet into the limestone. The water rose within 75 feet of the
surface. The strength of this well suggests a supply from the
lower drift rather than from the limestone. Since abandoning
this well the lighting plant has used storm water collected in an
artificial surface reservoir.

A well on the farm of W. W. Whittams, one and one-half
miles west of Greenfield, was abandoned at a depth of 274 feet,
the last 34 feet of which was in limestone of the Missouri stage;
the well was quickly pumped dry.
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WELL DATA.

The following table gives data of typical wells in Adair

county:

Typical wells in Adair County.

Owner

Location

T.7¢ N., R. 33 W,
(Washington).
J. A. Hulbert. ____

T. 76 N., R. 32 W.
(Prussia).
John Montgomery-

T. 7T N.,, R. 3 W,
(Summit).

Willinm Turner __.
T. 75 N., R. 32 W.
(Summerset) .

W. Whittams.
Henry Hida _._____

John Mangle
H. W. Adams

T. 76 N., R.283W.
(Eureka).
Frank H. Seers____

T.7% N.,, R. 33 W,
(Jackson).

Truman Lewis

Henry Rose

Al. Bowers

T. 7 N., R. 31 W.
{ Greenfleld),

Electric light plant
T. 77 N., R. 30 W.
(Lincoln).

G. D. Whittams_ ___

W. H. Barnett_____

T. 76 N.. R. 30 W.
(Harrison).

Williamm Wallace ___

David Johnson .___
T. 76 N., R. 21 W.

{(Grove).
Harriet Guthiel

Nate Brinton

4% miles southeast of
Bridgewater.

1§ miles southwest of
Canby.

1% miles west of Adair.

1% miles west of Green-
fleld.

3 miles south of Fonta-|
nelle.

2 miles west of Fonta-

6 miles northwest of
Fontanelle.

5 miles north of Bridge-
water.

2 miles north of Bridge-
water.

3 miles north of Bridge-
water.

City of Greenfleld......

SE. % ‘Hees 28t
NED e gep 190 X

NE, paee. Moo

SE. % sec. 12

" i
A & 5
© o
e g =iy Remarks
g < B <o
&m0 v e | 83
a a @ =2
‘ | i
Feet | Feet | Feet
286 | 276 [Sandstone -| 100 |Strong; slightly min-
(Dakota). eral.
187 | 180 |.--— do ___.] 127 {Hard; roily before
storms.
}
345 | 307 |Fine sand- | 230
| 1 | stomne. .
i
274 | 240 [Limestone _! 137 Scanty supply; aban.
(Missourl). | doned.
316 | 300 |Sandstonme _| 146 ‘SIlghtly mineral.
(Dakota).! |
315 | 299 |---- do _.__| 125 |
954 | 240 |Limestone _ 75 |Hard water; strong
(Missouri), well. <
982 | 9260 [Sandstonme _{ .____