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CHAPTER VII.
Geological Distribution of Clays and Shales.

With the exception of the Sioux quartzite, which presents
limited exposures in the northwest corner ¢f the state, every great
rock formation exposed in the state contains more or less impor-
tant arvgillacecus deposits.  Such deposits range in character
strueturally from the highly fissile shales of the Lower Silurian
and certain bitwminous members of the Coal Measuves to the
structureless depesits of lcess; in compesition, all gradations
may be ohserved irom the purest fire clays to the most impure
alluvial and drift deposits. The range in plasticity is equally
great from the highly plastic potter’s elavs to the arenaceous
shales and sandy suitace clays. They not only show great divers-
ity when the members of the different {o1mations are comypared,
but the shales of the samme formation are widely different and
require different treatment, a fact which is not always appreeci-
ated in the clay industries. In the following pages the shale and
clay members of the various formations are treated in chronologi-
cal order. No attempt is made to deseribe or even enumecrate all
of the exposures for any rock servies. Attention is directed rather
to those exposures which ave considered to be the most accessible
and at the same thme representative. But little space is devoted
tc the descripticn of clay plants, only as such deseription throws
light on the wcrkability of the materials. KEspecial stress is laid
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on the chemical and physical properties of the raw materials
which would commend them: to, or cause their rejection by, the
clay worker. 'Workability and availability of the deposits are
given the attention their importance nerits.

THE SAINT CROIX SANDSTONE.

The Samt Croix Sandstone.—The Saint Croix comprises an
essentially non-argillaceous rock series o far as its outerops in
Towa are concerned. Minnesota geologists separate it into three
divisions: the Basal samdstone, the Saint Lawrence shales and
the Jordan sandstone is the sequence from the base upwards. As
the names imply, the lowest and the uppermost members are al-
most exclusively sandstone, while the middle member is commpozed
of shales, marls and limestones. The two upper members only
appear on the surface in Towa, and their cuterops arve confined
to Allamakee and Clayton counties. Their combined thickness,
according to Nerton, is about 300 feet. (‘alvin, in his report on
the geology of Allamakee County, states that a bed of light col-
ored shale is exposed in the road cutting near the northeast cor-
ner of the npland portion of the county, about two miles from
New Albin. The shale lies about 200 feet below the summit of
the Saint Croix and doubtless may be referred to the Saint Law-
rence beds. No attempt has been made, so far as known, to util-
ize the shale commercially. The general dip to the south and west
carries the beds below the stream, and no further exposures are
known.

ONEOTA LIMESTONE.

The Oneocta limnestone extends from Winneshielk through Alla-
makee into (layton county. The formation consists largely of the
massive dolomite divided by a medial sandstone supposed to be
the equivalent of the New Richmond of tlie Minnesota and Wis-
consin geclogists. The upper dolomite member often hecomes



THE GALENA-TRENTON. 383

argillaceous near its summit. Such shale layers are reported by
Prefessor Calvin in his Allamakee County report, but the heds
lack persistence and are not of sufficient thickness to warraut
their development on a comunercial scale.

SAINT PETER SANDSTONE.

As the name implies, the Saint Peter is constituted ahmost
wholly of a clean, well weather-worn, white sand but slightly in-
durated. The outcrops of the Saint Peter are confined to Win-
neshiek, Allamakee and Clayton counties. While certain beds
of passage from the Saint Peter to the Trenton limestone become
more or less argillaceous In character, no shales or clays appear
in the surface exposures.

THE GALENA-TRENTON.

The Galena-Trenton comprises the lower limestone series often
grading downward into a fissile blue or green shale with inter-
calated shales of less importance throughout; and an upper
massive dolomitic member often designated the Galena-Trenton
becauge it contains most cf the workable lead deposits of the Towa-
Illinois-Wisconsin area. The Galena-Trenton extends from
Howard to Dubuque and Jackson counties and comprises con-
siderable areas in Winneshiek, Allamakee and Clayton counties.
The piincival outerops are confined to the Mississippi, Upper
Towa, Yellow and Turkey 1ivers and their nnmediate tributaries.

Allamakee County.—In Allamakee county the shale at the hase
of the Trenton averages five to six feet in thickness and is gener-
ally overlain by rather massive beds, ‘‘The Lower Buff Beds.”’
The same may ki seen at numerous pcints in the exceedingly sin-
uous line that marks the contact of the Saint Peter sandstone with
the Trenton.. It is well exposed on the rcad leading north of
Waukon, on both sides of Village cercck. In the valley of Paint
ereek, about two miles below Walitken, it appears at the surface.
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The best example for pottery purposes appears in the valley of
a tributary of Silver creek in Makec township. The Trenton
contains other shaly layers which are generally unimportant, com-
mercially, on account of their thinness or lack of persistency.
The most important of all these begins about forty feet above the
base of the shales and continues upward scme thirty feet. It is
cften inter-stratified with thin limestcne seams which are highly
fossiliferons. The shale itself may be rendered useless for brick
purpcses on account of the fossils and calcarecus concreticns it
contains. ‘The third shale herizen cccurs near the top of the
Trenton and is perhaps the most hmportant economically, as it
attains the thickness of ten to twenty feet in scine instances, Iox-
posures may be viewed about two miles north of Postville and
at the same geclogical level im the hillside south of the Yellow
river. This seam is not worked in Allamakee countv. While
cutereps of the Trenton shales are more or less common in the
counties in which the lower Galena-Urenton rocks are exposed,
theyv have not, as yet, been utilized in the manufacture of clay
goods. .

THE MAQUOKETA SHALES.

The Maquoketa comprises a series of beds, mainly shales varv-
ing much in color, composition and texture, and attaining a maxi-
mum thickness, according to Calvin, of 200 fiet. The lower
Maqucketa is made up of lean fissile shales, with soine earthy,
non-laminated beds carrying fossils. The upper Maquoketa
consists of plastie clay shales, carrying occasional indurated, fos-
siliferous bands near the top and passing into thin layvers of iin-
pure, earthy dolomite, ‘‘transition beds’’, tc the Niagara lime-
stone. The area of outerop of the Maquoketa shales forms a nar-
rcw but extremely sinuous zone from Jackson county, on the
south, through Dubuque, Delaware, Clayton, Fayette, Winneshiek
and Howard counties, to the north. The most important expos-
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ures may be viewed in Dubuque, Clayton and Mavette counties.

Clayton County.—The Maquoketa shales arve well expo=ed a
mile and one-halt nertheast of Klgin, on the northwest quarter of
sectien 18, in Marion township. About ten feet of hlue shales
are exposed heve i a ravine, and are overlain by about thivty foet
cf dolomite. In the southern portion of the county thev fowm
the valley bhettons, and the Maquoketa shale may be seen out-
cropping 1n what is known as ‘“‘Newberry Park,”” one mnile and a
half novtheast of Strawherry Point, and also in ““Bixhy’s Park,”’

F1G. 41. Section near Edgewood showing over sixty feet of Maquoketa shales.

cne mile and a half north of Edgewood. At bhoth of these points
the shale is gray-blue and fairly plastic. On the northeast quar-
ter of secticn 33, in Sperry township, seventy feet ¢f blue shale
are exposed along one of the fributaries of Hewett creek. The
shale cuterop lies from forty to fifty feot helow the Niagava limne-

stone. The upper ten feet of the Maquoketa contains calcareons
25
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beds, highly fossiliferous but Lelow, fifty or sixty feet of almost
pure shale cccurs.  An analysis gave the fcllowing results.

Sl A v et et e e e 52.29
ATUIINA .ot et e e 20.64
Combined water....... ... i 5.17
Clayandsand... .........iiiiininn ciiiiin ciiiia 78.10
Iron oxide ... i e 5.16
LME o e e e 1.89
Magnesia ........ i e e s 1.12
Potash . ..ot e e 2.77
o T Y 8.27
Total AURES. .on vt e i e e i, 19.21
Moisture, sulfur trioxide and carbon dioxide ........ 2.76

RATIONAL ANALYSIS.

Clay substance. ... 70.65
Feldspar ........ ... ... oo i ceeee.. 2.57
QUATtZ. o e e e e 26.78

100.00

The analysis shows a clay excellently adapted to the manu-
facture of all of the common clay wares, but when taken in con-
nection with its physical properties, it is especially suited to the
manufacture of hollow ware.

The Maquoketa shales which outerop along Bear creek and its
tributaries near Edgewcod have been utilized to a limited extent
in the manufacture of common brick and tile. The shale hecomes
very plastic when weathered and is mixed with from two to three
times its bulk of loess. As a rule, the shale crops are quite fully
concealed by talus and the Niagara limestone. The top of the
shale is some 200 feet lower than the town of Edgewocod. Some
of the exposures show the presence of frony fifty to sixty feet of
workable shale.

A cheinical analyvsis shows the presence of more of the limne
and magnesiuim carbonate and less sedinm and alnminum than in
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the sample from Newberry Park. The composition was found
to he as follows:

SIlCA L i e 44 .39
Alumina..... ... i i e i e 13.72
Combined Water. ... ... ittt e 12.18
Clayandsand..... ... i i 70.29
Ironoxide . ... .. . e e 7 80
Lime ... i e e e . 7.88
Magnesia ...ooo o i 6.05
Potash . ..o i e e 1.56
S0, o e e 5.29
Total Auzes ..., ... e e e 28.58
MOISEUTE © vt e e ittt e et e 0.89

Clay substance..... e e e 40 .61
Feldspar.... ... i 4.62
QUATLZ . i itn ittt ot ite e i 28.00
Lime and magnesium carbonate...................... 26.77

100.00

Notwithstanding the high percentages of lime and magnesium
carbonates present, the ware when properly burned is strong and
gives good service.

‘While the Maquoketa occurs in. Winneshiek and H]owaxd coun-
ties, it thins materially and carries an increased peveentage of
the carbonates and has not been utilized economically.

Clinton County.— The Maquoketa shales show numerous expos-
ures in the northeastern corner of the county. One of the hest of
these is at the northern limit of Lyons, in the bluffs just to the
west cf the railrcad tracks. The Niagara preduces a perpen-
dicular escarpment, perhaps fifty feet in height, and contains
chert bands. Within six feet of its base the Maquoketa appears
nine feet above the track, at the northern end of the bluff, and
has been dug out for several feet Lielow the track. The exposure
1s perhaps sixty fect long, and the piteh is approxinately one foot
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in thirtv. A short distance south of this peint the Niagara ex-
tends to the water level in the river. From Lyons northward te
the northeast ccrner of Clinton ecunty, the shales are partly ex-
pesed at intervals in the blufts along the rviver. At Klk River
Juneticn thewe are a number of inccmplete cuterops well up the
glepze. The shale expozed at L,\'ons.is blue in eolor and quite hard
when unweathered, It slakes rather readily, and cn exposure to
the acticni of the weather becomes quite plastic. The clay is
Lighly refractory and cught to make a good quality of the ordi-
nary wares. In the manufacture of common brick and drain tile
a blend composed of the Maquoketa shale and the loess might bhe
used advantagecusly. Some attemmpts have been made to use the
ghales, but withcut satisfactory results.

Delairare County.—Exposures of the Maquoketa shales are
confined to the extreme northeast corner of the county, along Lit-
tle Turkey river and Elk creek, cne of its tributaries. No satis-
factory sections are available becauze of the heavy Niagara talus.
The heds abeve the shale expesed at what is known as ““Big
Spring,’” in the southeast quarter of the northeast quarter of sec-
ticn 3, in Colony township, are as follows:

5. Steep slopes, soddedover................ e e

Niagara limestone in thick, heavy ledges ... ......... 10

3. Pransition beds; soft, yellowish, argillaceous lime-
stone, more shaly below, and becoming more cal-

Rt

careous above, in thin layers...................... 25
2. Hardened shale in two to four-inch layers. ........... 1
1. Bluish shale, indurated, composed of thin laminae and

non-fossiliferous........... ...l L, e 4

The spring issues cn top of the shale and is 230 feet lower
than the level of the y:lateau upon which Colesburg is built. One-
feurth mile below the spring there is a clay pit from which the
Colesburg Pottery Cewnpany cbtain their clay. The pit is sixty
feet lower than the spring, and there is an almost continuous sec-
tion of shales between.
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A chemical analysis of the Colesburg shales gives the follow-
ing results:

I3 T T 43.62
Alumina ... e e e 24 .40
Combined water........ ... it it aneas 12.41
Clayandsand..... ... ... ..ot iun. ... B80.43
Tron oside. ... .. . i e 2.00
Lime ........... e e e e 3.39
Magnesia ... e e 0.18
Potash ... ... .. .. .. L o i i 4 17
S0Aa. . o e e e e 6.19
Total AUReS. ... ... i i e e, 15.93
MoOISture oo e e e e 3.85

Clay substance. .... ...t oot 83.57
Feldspar ... .o o e e 7.60
QUATEZ oottt i e e e ... 883

100.00

The Coleshurg pottery uses a fissile gray-blue shale, which
slakes readily and becomes fairly plasticc.  When exposed, it
weathers rapidly to a yvellowish-blue plastic clay. At present the
company manufactures only Hower pots and plain red earthen-
ware.

On account ¢f the relatively low percentage of silica and high
percentage of streng fluxes, the clay burns at a low temperature,
and this fact, taken in conncetion with its plasticity, makes it emi-
nently fitted for the manufacture of hollow building block and
drain tile, uses tc which it hias never heen put.

The clay is broken dewn and pevinitted {o weather through the
sunmer months and Lanled during the winter and dumped on the
ground cutside cf {he factory building. It is prepared for use
by being placed in a tank and permitted to scak two or three days.
The scaked clay 1s shoveled into a vertical pug nill, the counter-
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part of the soft mud milL except this machine is driven by gear-
ing at the top. The clay is temperved to a rather softly plastic
condition and then passed through a pair of small rolls. Just
Lefore passing through the mill, one-fourth of redder hrown top
clay is added which is said to make the body work better. Pots
ranging from one and three-fourths to seven inches in diameter
are made in a flower pot machine. The machine ccnsists of a
lower rapidly revelving horizontal platformy in the center of
which is a depression the size of the pot to be made. In this
depression a plunger works up and down, up when ready to
receive the clay. After the clay passes the rolls, it is fed into a
small licrizental plunger machine with two dies. As the clay
issues from this tube it is cut off by wires stretched in a wooden
frame into definite lengths feor the size of pot desired.  Tho
Plunger is actuated by a piston from the engine. The largest
pots are made in a potter’s jigger or jolly, in molds, the clay
being taken directly from the rolls. The ware is dried on two
floors, the upper of which is slatted, and burned in a small up
draft kiln. The finished produet is shipped largely to Dubuque,
and finds a ready market.

Other exposures. occur along the stream-ways in the vieinity
of the pit of the Coleshurg pottery, hut none have been devel-
oped. Well secticns dizmonstrate the general distvibution of the
shale and indicate that it attains a thickness of ninety feet.

Dubuque County.—Professor Calvin, in his report of the geol-
ogy of Dubuque county, separates the Maquoketa into two well-
defined parts; the upper series of plastic clay shales with some
indurated fossiliferous bands near the top grading through tran-
sitional beds cemposed of thin layers of impure earthy dolomite
into the Niagara dolomite above; the lower beds comprised of
lean, fissile shales with some earthy non-laminated heds carrying
Orthoceras and other fessils. The upper heds weather more
easily than the lower, readily breaking down into highly plastie
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clay, and vields readily to the clay-worker’s art. The Maquoketa
comprises the mest iivegular area in the northeast portion of the
county, while a small area exists in the extreme northwestern cor-
ner. From fifty feet to more than one hundred feet of fairly
plastic clay shales are available, but are not readily accessible
save at a few points—at IKidder and Graf, on the Great Western

F1c. 42. Maquoketa shales west of Graf.

Railway, and at Peosta, on the Illinois Central Railway. Usn-
ally the shales are overlain by the Niagara liestone whose
heavy talus would render the development of the shales commer-
cially unprofitable. About ome-half mile west cf Graf the fol-
lowing beds may be observed in the railway ent:

FEET. INCHES.

5. Shale, drab and black, unfossiliferous............ 2

4. Shale, brownish, hard, granular, non-fissile and
fossiliferous ...... ... . . i 1 2

3. Shale, drab, fissile, non-fossiliferous  ........ .1 4

2. Shale, variable in color, texture, and fissility;
numerous fossiliferous bands ................. 11

1. Shale, brown or black, non-fissile; fossils rare.... 6
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The highly fessilifercus lavers are usually more or less cal-
carecus or deolomitic, and, as a consequence, unsuited for the
manufacture of clay wauves.

Tle analysis cf shales developed near Kidder gives the follow-

g results:

SIHCa. i e e e e 42.53
Aluming ..o i e 16.83
Combined water ....... ... iiiiiiii i e 15.76

Clayandsand ........ ... ... oo, 75.12
Ironoxide.. oo i e e e 5.66
7% o o 5.66
Magnesia -...... ... 0 Lo e 4.82
Potash ... Lo e e 3.70
S0a. i e e e e 4.10

Fre. 43. Characteristic topography of the Maquoketa shales near Graf.

The clay has been tested at Bueyrus, Olio, andi when repressed
makes a smeceoth, cherry red brick cf excellent strength and ajp-
pearance. The clay is alse suited for pottery, but would not
preve satisfactovy for pavers, on account cof the percentage of

fluxes present.
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Payette County.—Near the tcwn of Cleiment, the Clermont
Brick & Tile C‘ompany have heen develcping shale beds near the
top of the bluff northeast of the railway staticn and overlocking
the town. These beds were formerly supposed tc belong te the
Trenten series, but recently have been demonstrated by Professor
Calvin to contain a Maquoketa fauna. The section is as follows:

FEET.
3. Surface materials, ‘‘geest,”’” of varying thickness. 0 to §
2. Dolomitic limestone, rubbly above and heavy
ledges below, cherty throughout, the lower
layers become slightly arenaceous to shaly at
thesurface . ...... ... ..o i 15
1. Shale, light-gray to blue-gray ahove, deeper blue
below. Where much weathered becoming a
plastic clay but when fresh shows fair fissility,
ERPOSEd .ttt e i .20

The kase ¢f the section is more than cne hundred feet above the
terrace upen which the town is built.

The new pit is aleng a ravine where the limestone has been
remoeved by erosion, and a thin veneer of highly oxidized surface
materials, the ‘‘geest,”” rests dirvectly on the shales and is used
to a cousiderable extent in the process of manufacture to give
color to the ware, because of the high percentage of iren it con-
tains. The shale burns almicst white when used alene, and shows
but little shrinkage. Both raticnal and ultimate chemical analyses

were made, with the following vesults:

SIHCA - ottt e e 28 82
AlUIINA .o e e e 10.37
Combined Waler ... .ottt i e 16.24

Clayandsand...... ... it i, 55.43
Iron oxide. ... oo e e 376
Lime. ... i e e e .. 19,14
Magnesia ..o e 5.40
Potash ... ... .. .. e 5.38
1 oY - 7.41

Total fluxes........... ... ... ... e 41.09
MoOTStUTE ottt e e 0.43

Sulfur trioxide ... it 3.01
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RATIONAL ANALYSIS.

Clay substance........ ................... e 73 32
Feldspar ..... . . 4.93
QUATLZ oo e 21.76

Total . 100.00

The analyses show a vemarkably high percentage of the alkalis
and alkaline earths and consequently a lew percentage of silica
and alumina.

Winneshiek  County.—Frequent outerops of the Maguoketa
shalex are kncwn to ocenr in the southeasteirm one-third of the
county. One ¢f the most important secticns may be observed in
the vieinity of Fort Atkinsen, cn the southwest quarter of the
west half cf section 18, in towns=hip 96 norvth, range 9 west. A
tougl blue shale is exposed in the bed, and on the bank of a small
tributary of Turkey river. The shale rises eight feet above the wa-
ter aud is known to centinue below the stream bed. Oceasional py-
1itic ccneretions and cne or two thin seanis of hard rock are the
only impurities. The shale is but slightly silicecus, slakes slowly
and is suitable for the conmuon grades of brick and hollow warve.
The exposure is about three-fourths of a mile from the (‘hicago,
Milwaukee & St. Paul railway. Shales very similar to the above
are shown in the southwest quarter of section 13. The principal
cutcrops are about two Lundred yards away frouu the raliroad.
The surface features indicate that the shales are quite extensive
horizentally and lie some twenty feet above the branch. Tn this vi-
cinity a finely silicecus clay may he observed which has been
tested and feund to be a good polishing material. The clays in
sections 18 and 13 were tested by Mr. F. R. Goddard with satis-
fectory vesults. In addition to the localities mentioned, the Ma-
quoketa shales apypear at various other points 1u this pertion of
the county. Thex may be ohzerved just beneath the Niagara at
a peint considerahly above the level of Turkey river, about one
mile northeast of Fort Atkinson. They also appear divectly
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under the soil about one and cne-half miles scuth of Calmar, and
at intervals along Turkey river as far north as Spillville. As
yet they are not heing developed.

The Silurian.

Indurated recks referable to the Silurian cover thie larger por-
ticns of Fayette, Delaware, Dubuque, Jones, Jackson, Cedar,
Clinton and Scott counties, Lesser areas may be found in Win-
neshiek, Clayton, Buchanan, Linn, Johnson and Muscatine coun-
ties. The rocks vepresenting the Silurian syvstem are yprevailingly
declomites. While certain of the beds near the base of the series
display seme tendency to split into thin layers, no clay shales or
shales ceenr i this system. Instead of supporting clay industries,
the Silurian dolomites furnished mere than four-fifths of the lime
and one-half of the building stones produced in the state.

Devonian.

The Devonian period was inaugurated and closed by conditions
favorable to the deposition of clays and shales. The lower argil-
laceous beds in the Devemian are known as the Independcence
shales and are referred to the Wapsipinicon stage. These shales
show limited outerops in Cedar, Linn and Buchanan counties,
near the contact with the Silorian. The shales attain a thickness
of twenty feet, are dark colored, often alternating with thin lay-
ers of lmestone. Oeccasionally the shales are highly carbon-
aceous and contain plant remains, some of which have been trans-
formed into true coal. The beds are of no economic importance
on account of their varying character and inaccessibility.

The upper shaly mmember is of much greater impertance and
belongs to the Lime C(reek stage. The Lime Creek shales ave
tvpically developied along Lime creek, in Cerro Gordo and Flovd
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counties. Tmypertant exposures appear at Rockford and Mason
City, and at numerous points between. The Leds are being conm-
merecially exploited at both points.

Cerio Goirdo County.— At Hackherry (rove, en the northwest
quarter cf sectien 33, in Porlland township, the following sec-
tion may be viewed.

FEET.

4. Brown, yellowish-brown and gray limestone ia sevaral

lavers, fossiliferous, fossils similar to those contained

in underlying shale ........ .. ... ... ... .. .. ... 4
3. Shales, yellowish, very calcareous with bands of shaly

limestone, weathering partly into clay and parily

into small chips or nodules, very rich in beautj-

fully preserved fossils ........ e e
2. Shales, yellowish, argillaceous, weathering as does the

blue clay below and free from fossils.............. 10
1. Shales, bluish, argillaceous, weathering into a smooth,

plastic clay, unfossiliferous.......... ............ 40

The Lime Creek shales are most vigorously expleited at Mason
City. The pit of the Mason City Brick and Tile Clompany shows
the following sequence:

FEET.
4. Drift (lowan)....ovieiien i i e 0to2

3. Shale, non-fissile, arenaceous and stained a dark yel-
low. An indurated ledge of dolomite occurs in

places. ... 2
2. Shale, clayey, yellow, often deeply stained along the
JOIIES ot i e e e e e e 10

1. Shale, blue, exposed

Numbers 1 and 2 are gypseous, small cryvstals occurring in tabu-
lav form cvin resettes, aleng the joints. Both beds ave extramely
plastic and remarvkably well adapted for the manufacture of
drain tile and hellew building block. The clay burns to a light
red color and fuses at a low temperature.  An analvsis of the
blue clay was made with the following results:

SIliCa ot e 54 64
Alumina .. ..... ..o e e e 14 62
Combined water ..... ... ... ... .. 3 74



PraTE XVI. Shale pit of Mason City Brick and Tile Company. The dark layer above is the
residual siliceous dolomite, Mason City, lowa.
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Iromoxgide.. ... e 5.69
Lime .o e s 5.16
Magnesia .......... ... 2.90
Manganese oxide............. . ...l 0.76
Potash ... i e 4.77
1S X T 1.12
Total AuReS. ... it 20 .40
Moisture. ... e e e 0.85

Two other plants located at this place are using the Lime

Creek shales.

The American Brick and Tile Company opened a

pit about one-half mile west of the above pit. An analysis of the

clay used gave

the following results:

ES 1 T Y O 51.95
AlUmIna . ove e it i e 18 .34
Combined water ...... ... it e 7.39
Clayandsand................ oot conns 77.68
Ironoxide.. ... ... . (i e e e 7.56
Lime........o.. .t e e e 4.14
Magnesia ..........oo i e e 3.26
Potash..... ... ... ... .. . ... e e 1.43
Soda. ......... e e e e e 2.69
Total lUReS. ..ot i e e 19.08
MoOIStUTe - oot e e i 0.42
Sulfur trioxide ... .o e 2.76
RATIONAL ANALYSIS.

Clay substance............. ...ciiiiii i, 47.08
Feldspar............ . i 6.98
QUATTZ v iiis i e i e e 41.45
Calcium sulfate........ ... ... ... L iiiiiiiiiii., 4.49

100.00

The aggregate of fluxes is comp:aratively high in both analyses,

and accounts for their low fusion point. The presence of a lib-
eral amcunt of the carbonates tends to neutralize the coloring

effect of the iron and makes the range hetween incipient and

complete fusion very small. Considerable care is necessary in

burning to avoid fused peckets in the kiln and yet insure suf-

ficient buining

to prevent slaking when exposed to the action of



PrLATE XVII. Plant of the Mason City Brickand Tile Compauny, Mason City, Iowa.
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weiting and drying.  Some attempts have been made to manu-
facture sewer pipe, but the lower plastic clays will not stand a
snfficiently high temperature to make salt glazing a possibility.
[n the pit of the Mason City Brick and Tile Company the plastic
shales dip to the southwest, and beds of residunal siliceous delo-
mite appear. The residuoum exerts a beneficial influnence when
added te the shales in all of the processes of manufacture, and
greatly extends the range of temperature between incipient and
comyplete fusion, in addition to making the ware much more re-
fractory. 1t is possible that a proper blending of the shale and

F1c. 44. Plant of the American Brick and Tile Company, Mason City, Iowa.

residuwin may give a body suitable for the manufacture of paving
brick and sewer pipe. Large file are made in a sewer pipe ma-
chine and are used for culverts on the public highways.

The Limie Creek shales disappear from view west of Mason
City and ave not known to be accessible belcw Rockford. In the
pit of the Mason City Brick and Tile Cewmpany they bhave an
appreciable dip to the southwest and are soon carvied below
working limits.

I'loyd County—The Lime Creek shales cecur more or less
interruptedly from Mascn City, in Cerro Gordo county, to below
Rockford, in Hloyd county. The most important exposures ap-
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pear on the south side of the creek. The pit of the Cream City
Brick and Tile Factory, west of Rockford, shows the {eollowing
sequence:

FEET.
7. Drift, variable in thickness, almost absent in the bluffs
near the river ...... ... ... L L i 1-4
6. Limestone, marly with occasional hard ledges....... 8
. Shale, clayey, weathered zone, yellow, lower portion
jointed, joints deeply stained a yellowish-brown,

w

clay-iroustone concretions containing calcite crys-
tals not uncommon, limonite pseudomorphs after
pyrite are common above ... L L. 10
4. Shale, clayey, greznish-gray to greenish-yellow ... . 10
3. Shale, deep blue when wet and gray-blue when dry,
more or less fissile. ... ..o iii i s 8
2. Shale, as above but non-fissile......covvve oo 8
) Shale, clayey, gray, finely arenaceous, burns a creamy
white (exposed) . ....o i il 5

According to a drill section in the immediate vicinify, the
shales and clays continue down about forty feet bhelow the base
of the seetion. All of the beds are velatively high in lime and
other alkaline fluxes. Number 1 shrinks but little dvring bhurn-
ing, and can be fused with difficulty. Brick manufactired from
this seam show considerable resilience when stvuek with a ham-
mer, and ave very tough. Its chemical composition is as follows:

Silica ..vvvviii o 58.33
Alumina . ... e e e e 15.54
Combined water........ ..ot i iiiee e 3.47
Clayandsand ........ ... .. ... ... i, 77.34
Iron oxide. ..t vue i e e 3.84
755 'Y< 9.42
Magnesia .......... e 3.03
Potash ... e 1.19
[T Y = T 1.76
Total AUKES. oottt e e e 19.24
MoOTStUTE. L ii i e i e e 0-42
Carbon dioxide. ..........cci i, e .. 2.02
Sulfur triogide . ..ot e e 1.10
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RATIONAL ANALYSIS.

Clay substance..... ... ... i i 64.47
Feldspar ... 11.13
Quartz ... e e 18.67
Calcium sulfate and magnesium carbonate ...... ...... 5.73

All of the beds below the marly layvers are utilized. A wide
varviety c¢f the conmmon wares are manulactured on a small scale.
No attempts have been made to develop the shales at any other
point in the county.

Franklin: Connty.—The Time Chreek shales of the Devonian
ave helieved to comstitute the indurated surlace rocks over about
sue-thivd ¢ f the county. So ar as known, the =hales ave exposed
at but a single peint.  About hall a inile scuth ¢f the ~talion at

Sheffield the Lellewing scetion mny be viewed:

FHEET
4. Shale, buff to yellow, slightly gritty. ............. 6
3. Shale, brownishtored .......... ... ... ........... 6
2. Shale, blue...... e e e e e e 21
1. Limestone (not exposed)

Number 2 is not wholly exposed, but its thickness has heen
determined by boring. In the railroad cut just east of {he vard
a brownisly, earthy, siliceous lumestene 1s exposed at a Jevel cor-
responding to the top of number 4. It is frooy one to four inches
thick and is fossiliferous.  Oceasionally calearcous concretions
cocur in the upper portion of number 4 in the seetion, but not in
sulficient quantity to give serious trouble. The clay has not heen
extensively developed as yet, and common brick and drain tile
ate the only products put upon the maiket.

Carboniferous Period.

Practically all of the great formations of the Carboniferous
contain shales or shale elays of economic importance. Of these,
the Kinderhook and the Coal Measures afford the most hountiful
supplies. Rocks referable to the Carvboniferons comprise the
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indurated rocks cver nearly, one-half of the surface of the state.
The period may be divided into two parts, the Lowor (‘arbonifer-
ous beds, which are prevailingly calcarecus in character, and the
Upper Carbonifercus, in which arenaceous and argillaceous de-
posits predowminate, with imuportant limestone bands in the upper
pertion. The latter division contains all of the woikable coal in
the state. On account of the abundance of raw material suitable
for the manufacture of clay wares, and cheap fuel, the Upper
Carbouniferons or Coal Measnres constitute the wost important
formation te the clay wovrker in the state.

The Lower Carboniferous comprises a belt averaging from
thirty to forty miles in width and extending diagenally across the
state from Kessuth and Winnebago counties, on the north, to Des
Meines and Lee counties, on the south, Narrvow strips have been
laid bare by the lower courses of the Skunk and Des Moines riv-
ers, and unimportant detached areas appear in Stery and Web-
ster counties. Three stages represent the Lower (farboniferous in
Towa - the Kinderhook, Aungusta and Saint Louls.

THE KINDERHOOK.

The Kinderhook rests unconformably on the Deveinian, and in
southeastern Towa comprises a heavy shale member with impor-
tant calcarcous beds above. The upj:er member often assumes a
decidedly oolitic facies. In eentral and northern Iowa the shale
member thing rapidly and the assewmblage of beds as a whole
takes on a decidedly calcarecus chavacter. The shale onterops
are confined to the Mississippi river and immediate vieinity.

Des Mouwies Cownty.—The Kinderhook shales attain a thick-
ness of about 150 feet and are more extensively exposed heve than
in any cther poertion of the state.  Abeut seventy fect of the argil-
laceous beds lie above the water in the Mississippi river.  Almost
a continuous onterop extends across the county, along the bottom
¢l the Mississippi escarpment, oceasionally extending some dis-
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tance up some of the larger ereeks. The shale belt is narrow and
generally overlain by searps of more highly indurated lime-
stones. The Kinderhook section as viewed at Prospect Hill, at

Burlington, is as follows:

FEET

6. Limestone, buff, soft, sandy locally................ 5

5. Limestone, \vhlte, oolltic. .. coi i 3

4. Sandstone, yellowish, soft, fine-grained fossiliferous 6
3. Limestone, argillaceous, fine-grained. often with an
oolitic band in the bed of impure limestone

At DAIR g i v wstimie g & fad e v e ae s 18

. Sandstone, yellowish, soft, friable, clayey......... 25

1. Shale, blue, argillaceous, exposed ...... ......... G0

A

At Cascade, immediately south of Burlington, the shales have
been developed quite extensively in the manufacture of common
brick and paving brick, by the Granite Brick Company. The
small streamn has uncovered a considerable avea of shales, so that
open pit work is possible. The pit and adjeining bluffs prezent an

extensive section to view. The detailed section is given helow.

FERT
8, Loess, deeplyiron-stained...... ........... ...... 10
7. Limestone, cherty......... .. ... it i, 2
6. Limestone, white to brown, varlegated ............ 10
5. Sandstone, fine-grained to argillaceous ..... .....
4, Limestone, hard, fine-textured....... ............ 12
3. Sandstone, fine-grained, argillaceous ...... . 25
2. Shale, very compact and massive, highly snhceous
sandy below ......coin i oL, .. 14

1. Shale, massive, dark-blue to blue-black, exposed 16

Numbers 1 and 2 in the above section are utilized in the manu-
Lacture of clay goeds. Beth are highly siliceous aud are onlv
moderately plastic. Well secticns and borings indicate that the
shales extend from seveunty-five to one bundred [feel below the
level ol the water in the river. The analyrses of numbers 1 and
2 give the following results:
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Prare XVIII.

Pit of the Granite Brick Company, Burlington, Iowa.
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1. ToP CLAY. 2. BOTTOM CLAY.

Silica. .. .viee v e 77.39 71.78
Alumina ......c.o0 ool 5.16 11.41
Combined water...................... 1.46 0.67

Clayandsand.................. 84.01 83.86
Ironoxide ......... ... iiiint, 2.40 3.35
Lime....oco e 3.65 3.18
Magnesia ..........ooo0 Lo el 3.13 3.80
Potash ..o v i 1.44 0.86
Soda. .. e 2.79 0.78

Total fluxes ...... ............. 13.41 11.97
Moisture .....oiiiiiie i e 0.13 0.42
Sulfurtriozide ............... ... .. ... 1.44 1.25
Carbon dioxide.................... ... 3.02

RATIONAL ANALYSIS.

Clay substance... ................. . 24.92 35.82
Feldspar ........... ...... B 19.64 14.18
Quartz......o.o . L e 51.35 42.14
Calcium sulfate........... .... ...... 2.21 2.00
Magnesium carbonate............... 1.84 576

Total ...l 100.00 99 20

Tra. 45. Plant of the Granite Brick Company, Burlington, Iowa.
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The lower clay is less silicecus and contains less of the soda
and potash but higher percentages of line, miagnesia and almn-
ina. Both contain high percentages of nncombined silica ov
quartz and are relatively low in clay snbstance; facts whicn
account for thenr Jow plasticity.

The ware burns a mottled gray-brewn and becomes very hard.
The fusion temperature is comj:aratively high, and the shrinkage
1s relatively small during both drying and burning. The lower
clay is decidedly more argillaceous than the upper, as may be
noted by the raticnal analysis.

While the Kinderhook shales onterop at nmuerous points in
the county, they have not vet been developed away from Burling-
ten.  On account of the relative ease with which they are ervoded,
as compared with the more resistant limestones ahove, the shale
crops are limited to a narrow zone along the Mississippl and its
lavger tributavies. Their extensive development is possible in
the strcam valleys or by wmining. Away from Burlington and
immediate vieinity, a section on Oak creel; at a point where the
creck breaks through into the Mississippi valley proper, may be
taken as fairly representative. The following sequence mayv he

chserved :

FEET
S 0T T 8
4. Drift. .. e e 4
3. Limestone, buff and white, heavily bedded below,
passing into siliceous shales above .... ....... 35
2. Shale, buff, sandy, forming incoherent sandstone
implaces ...l e 10
1. Shale, blue, exposed.... ... ... ... oLl 20

Lee County.—The Kinderhook shales dip rapidly below Buor-
lnjgton and are carried below the water in the 1miver before Lee
county is reached. Thev appear in the bed of Spring creek a
little more than a mile north of the Des Moines-Lee county line.
But a single exposure is known within the confines nf the county,
and that is along the Skunk river, near the bridge on the Kansas
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City division of the C.,, B. & Q. Ry. At Keckuk the shales lie
130 feet below low water mark, which appears to be their lowest
point between Burlington and Hannibal, in Missouri.

It is apparent that the Kinderhook shales can be ntilized exten-
sively only by means of shafting and mining. This has been
done to a lnnited extent by the J. C. Hubinger Rrick Works, a
plant which has not been in operation for some years.

Outside of Des Moines and Lee counties, the Kinderhook shales
have never been exploited, although they lie within easy veich
for mining cperations. In lLouiza county the shales can he recog-
nized at a number of points in the channels of the small streams
whicl arve tributary to the Iowa vivier, The most important ox-
posure known may he observed just south of Tlrick Junetion, on
the east hank of Smith ereek. The sequence is as follows:

FEET.
6. Limestone irregularly bedded and leached; variable
thickness.

5. Concealed.................. . {0
4. Sandstone, fine-grained,soft.........,............ 3
3. Shale, soft, blue, unctuous.........covvin i, 9
2. Shale, dark, carbonaceous..........vuuitiinennn.. 1
1. Shale, blue, with thin seams of calcareous material 6

No exposures of the shale are known beyond the limits of
Louisa io {he northwest. In Marshall county, near 1.eGrand, the
Kinderhook shales are reached at about ten feet below the water
level in the Towa river. The beds dip to the west, and at Mar-
shalltown are reached at about 150 feet below the water level.

Waslngton County.—The Kinderhook beds comprise the sur-
face indurated rocks over the northern and eastern portion of the
county. Outerops cceur on the South English as far west as Was-
sonville mill, north of Wellman. Good expesures may be viewed
at this point, as well as at Maple mill, Kalona and Riverside.
The IKinderhook alse ocenrs on (toose creek, south of Riverside,
and doubtless underlies the drift and wash along the lowa river.
Perhaps the most typical section may be observed at Maple mall.
The sequence exposed is as follows:
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FEET.
4. Limestone, earthy, ferruginous and arenaceous in
places; fine-grained, with thin chert layers..... 10
3. Gritstones, fine-grained, white to buff, fossiliferous 18
. Limestone, drab, hard, unfossiliferous..........cc.... =
1. Shale, argillaceous, dark blue to drab ... 12

The basal shale may be traced almost continucusly from this
point southeast to the base of the section at Burlingten. 1t is
suitable for structural hrick and hollow warve and would: p:robably
vield a fair grade of paving brick. Some of the exposures are
fairly accessihle hut have not been explored.

THE AUGUSTA.

Shales are not cxpecially impertant in the Aungusta, but near
its southern extension in the state, notably in Lice county, certain
beds are sufficiently argillaceous to mervit aftention. The most
lmportant section is ahont two miles below the Union depot in
Keokuk, where the fullowing sequende of beds may be viewed:

FEET.
17. Drift. ... e e 30
16. Shale, gray, clayey ...t e 2
15. Sandstone, ferruginous.......................... 1
14. Shale, black, fissile, filled with small nodular
CONCTEHIONS. ot vt ti et e .
13, Coal. . e e 115
12. Fire clay and shale passing into a coarse quartzose
Sandstone. ... . i i e b4
11, Limestone, brecciated, interstices filled with green
clay; variable in thickness.................... 20
10. Sandstone, massive, blue, calcareous, weathers
brown; fine to coarse-grained................. 8
9. Shale, blue, argillaceous...........ocviii st 10
8. Limestone, coarse, irregular, fossiliferous........ 3
7. Shale, blue, becoming somewhat friable in weather-
8 4
6. Limestone, blue and brown, magnesian, irregular
in development.............. ... .. ..eiien. 3
5. Shale, argillo-calcareous, breaking down readily
to a yellowish clay........... ..o o ool 18

4. Shale, calcareons, with bands of chert, and
irregularlayers of thin bedded, gray limestone,
which are increasingly prevalent toward the
base.... ...... ... ... oL e 14
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3. Shale, blue......ooiiiin i e i A
2. Limestone, blue, encrinital, coarse-grained,
composition and stratification scmewhat var-
" iable, nodular chert in considerable quantity. 12
1. Limestone, blue, encrinital; ‘‘White Ledge’’ of
[SRE -0 ¢ 0 5 4T3 « G 4

Of the above section, numbers 1 to 9, inclusive, ave referved to
the Augusta. At the mouth of Scap creek, from 12 to 15 feet of
shale arve exposed near the top of the section. These shales out-
crep at numerous points aleng Scap ereek, and have heen util-
ized to a limited extent by the Hubinger Brick Works, but with-
cut marked success. The shales are prevailingly calcareous and
low in plasticity. The expense for stripping and wasling away
the unusahle porticns in the manufacture of clay goods adds
greatly to the cost of production and rvenders the use ol the
Augusta shales commercially unprofitable. [ While the Augusia
beds cover considerable areas in Des Moines, Henry, Louisa,
Washington and Keokuk counties, the shale members are unim-
portant and at no place have they been developed for cluy manu-
factures.

THE SAINT LOUIS.

Nc workable beds of shales or clays are knewn to belong to
the Saint Louis in Iowa. Certain argillacecus beds have been
referred to this stage of the earboniferous, but none ave suf-
ficiently pure to warrant expleitation for brick and tile.

THE COAL MEASURES.

Nearly one-third cf the superficial area of the state is occu-
pied by the C'oal Measures, which supply an almest inexhaustible
storehouse of raw materials suitable for the manufacture of the
various grades of clay wares. The Ceal Measures comprise a
complicated series of sandstones, shales, limestones nsually more

cr less argillacecus, and occasicnal seams of coal, all intimately
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interbedded and giving place one to another, both laterally and
vertically, in a wcest confusing way. The argillacecus beds
greatly predonminate, and show a widl vange in color and composi-
tion and a great diversity of textures and structures. Thev max
Le grouped scmewbat avbitrarily into: (1) argillaceous, (2)
arenaceouws, (3) carbcenacecus, or bitnminous, and (4) caleareous
vaiieties.

While the types ave faivly distinet, there Is no shavp line sep-
arating onc from ancther. By the gradual addition of fine sand
the shales merge insensibly info sandy shales, shaly =andstones
and finally into saundstones. Similavrly, i many instances the
shales contain seme lune, and are known as calcavecus shales,
and way grade into marly or argillacecus limestone and even
linestene, as the lime content increases. Many of the dark enl-
cred shales contain a cconsiderable amount of crganie matter,
from whieh theiv eolor is due, and are known as carhonaceous or
bitumincuns shales, and merge finally into impure coal. These
transitions not enly take place laterally in the same horizon, hut
vertically from cne laver tc another. The argillaccous shalex, or
true shale clavs, ave prevailingly light eclored, the most common
colors being shades of gray and blue and combinations of the
two. They range from the almost white to ash-gray fire clays to
the deep hlues andi their weathered counterparts, the red-browns.
The five c¢lays ugnally form the underclays for the prineipal coal
seams; cecasionally the coal seam. is absent and a carbonaceous
shale only appears. Fire c¢layvs nsually show no stratification or
other structural features, and are non-fissile, hut all those known
to cecur in the Coal Measnres of Towa ave highly plastic. Ifire
clays are helieved to be the old <oils which produced the vegeta-
tien now preserved as coal, and are leached of most of their solu-
ble constituents, netably the alkalis, soda, potash, lime and mag-
nesia, and their iron constitucuiz, These constituents constitute
the fluxes, because they fuse at low temperatures, and clays which
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are low in fluxes are resistant to fire, hence the name ‘“fire clays’’.
The mere complete has been the leaching, the more resistant are
the clays and the less do they shrink during the process of bhurn-
mg. Iighly siliceous fire clays somewhat granular in texture
are kncwn as gannister, and ave used in the manufacture of glass
pots and othert very refractory wares. The fire clavs usunally
burn a light color, hecause of the partial lo=z of iron, which is the
great coloring agent in clays. Iowa five clays vary in thickness
from a few inches to four or five feet, and are prized in the manu-
facture of the higher grade wares, such as face and fancy brick,
pottery, terra cotta and sanitary ware.

The gray-blue and blue-gray shales cften occur in beds of con-
siderable thickness, and are quite persistent, especially in the
upper Coal Measures. When unweathered, these shales ocenr in
massive beds, the bedding planes not being apparvent, and ave
hard and tough. When subjected to weathering agencies, strati-
fication lines become more evident and the beds inay show consid-
erable fissility. The shales eventually slake down into an une-
tuous, highly plastic mass. The dark blue shales are usually
denser than the lighter shades, and are better adapted to the
manufacture of vitrified clay wares. The clay shales often carry
impurities which are detrimental for certain uses. Of these, the
commonest are crystals of gypsum and iron pyrites. The gvp-
smn occurs in short diamond-shaped crystals to long tabular
forms. Sometimes two crystals are grown together so as to form
a re-entrant angle and thus producing the so-called “‘swallow-
tailed twin.”” Along jeint planes the crystals not uncommonly
assume a radial arrangement and formn rosettes. Gypsum crys-
tals are easily recognized by their light celov and transparency,
the readiness with which ey break into thin tablets and their
softness. They can he scratehed easily with the thumb nail.
Gypsum does not usnally oceur in sufficient quantity to give trou-
ble, save in the manufacture of fancy wares and faced goods.
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Burning drives off the water of crystallization and ““dead burns®’
the gypsum, which may ghow on the surface as sol't, white spots.

Iron pyrite is most cormmen in the darker colored shales, espe-
cially in the bituminous varieties, but is widely distributed, even
in the highter shades. [t cecurs in granular to crystalline aggre-
gates, irvegular grains and cuboidal crystals, It can be recog-
nized easily by its golden vellow color and great hardness, being
harder than steel.  As in the case of gypsum ivon pyrite is nof
detrimental, save in the manufacture ol certain faced wares. In
burning, pyrite serves as a flux, tending to roughen and mottle
the surface by the production of dark-colored slag spots. Iron
pyrite is not very stable under atmospheric conditions, and often
changes to limonite c¢r brown iron ere in the zone of weathered
clay shales.

As has been said, clay shales merge insensibly through are-
naceous shales, argillacecus sandstones, into sandstones, Many
of the Coal Measures sections in the state show all gradations.

In certain of the arenacecus shales, the clay component so far
predominates that the beds are important in clay manufactures
either alone or in admixtuve with fat clays. The shaly sand-
stones can not he used alone, but wlien soft enough to be pulver- -
1zed readily can be used with fat clays often to geod advantage,
as they facilitate drving, prevent nndue shrinkage and help the
ware hold its shape through both dirying and burning.

Bitaminous shales are usually distinetly fissile, breaking read-
ily into thin lamnellae, and geucrally accompany coal seams. Oc-
casicnally coal seams are absent. The carbonaccous matter may
be present as a <clid resembling fine particles of coal of a charry
nature, or in scue of the brown shales the carbonaccous matter
ccewrs in the torm of erude petrolewm. Samiples of oil shales
liave a deeidedly petrolenm odor and carry as high as 15 per cent
of ciude petrclemn.  Bitwminous shales shrink greatly during
dirying and burning, and as a consequence are not prized in the
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clay werking industries. They arve used, however, to a limited
extent by mingling with cther clay deposits.

The ealcaveous shales are net important in the lower Coal Meas-
ures, but asswme greater imgortance in the upper scevies. The
so-called ‘‘cap-roek’ lying above cortain coal seams, is usually
calcareous and highly fossiliferous. (Calcaveous shales grade
ingensibly threwgh argillaceous lmestones to liwmestones.  In
additicn te the lime which may be present in a finely divided state
and disseminated throughout the entire mass, calcaveous shales
often carry lime conevetions which interfere seviously with its
use in the manufacture of elay products.

While the (‘cal Measuies are believed te b present in more than
one-half of the ninety-nine counties in the state, the clay shales
Lawe heen developed for the mannfacture of clay goods in but
sixteen. Over the entive section covered by the (foal Measnres, a

(

thick mantle of drift greatly obhscuves the outerops of the indu-

rated rocks. Notwithstanding the thick blanket of glacial debris,

the larger streams aud their innnediate tributares have exposed
nuniercus outerops of the older veeks. Fromy a purely geclogical
standpeint it is found convenient to sepavate the Coal Measures
into a lower series, typically developed along the Des Molues
river, and appropriately designated the Des Moines stage; aud
an upper series characteristically develeped along the Missonri
river and with eqnal propriety designated the Misscurian stage
of the Upper Carbonifercus. The Des Moines stage is character-
ized by a great predominance of shales of the aigillaceons, bi-
tmminous and avenaceous tvpes, and sandstenes, with most of the
workable coal seams of the state, while calearecus shales and
limestones are mmeh mere prominently developed members in
the Missourian stage. In the present diseussion the division ig
believed to be untinportant, and no atterapt is made to separate
one frcin the cther.
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The leading outcrops where clay shales ave available are de-
seribed brieflv. The scetions ave gronped by counties, the coun-
ties being taken in alpbabetical order. On aceount of the lavge
number of exposuves it is manifestly nupessible to mention thien
all.  An attempt is made, however, te treat the most important for
each district.

Adair County.—The upper Coal Measures lie divectly beneath
the diift over the larger porticn of the county. Beds supposedly
of Cretaceous age overlap the Ceal Measures in the western por-
tion. The thick drift sheet, in the absence of large streams
effectnally obscures the imdurated beds. Shal:s are exposed 1n
one or two inaccessible localities, and as vet they have not been
developed. South of Adair a two-feot vein of coal has Lzen
mined to some extent. Above it is a heavy shale. Below it is a
fire clay, and both ¢lay seams might be mined profitably in con-
nection with the ceal.

Adams County.—Good shale outerops are unknown. At the
mining camps of Briscoe, (farbon and Kureka, shales suitable for
use in clay working ave penetrated in sinking shafts for coal,
and are within casy mining distance of the surlace. "nimpor-
tant exposures appear aleng the Middle Nedaway viver, accoms-
panied by a thin seam of coal, but none of the (foal Measuve
shales have been developed in the county. A bed of five clay lies
below the principal ecal vein worked, is fairly pevsistent and
undoubtedly would furnish a goed body for the various grades of
dry pressed brick.

Appanovse County~—The shale beds are cempavatively per-
sistent and fairly unilorm, and are separated by beds of lThme-
steite which ave remarkably constant. The principal bands ave
known lecally as the ““fleating rock”, ‘‘tifty-foot limestone’’,
‘‘seventeen-foot limestone’’, the ‘““cap rock’ and the ‘‘bottom
rock”. The terms ave veferable to the principal coal seam
knewn as the Centerville vein or nivstic scam of IKeves and Bain,
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The general section published in the ‘‘Geology of Appanoose
County”’, and appended belew, gives a good idea of the sequence
of beds and their relative nnportance,

FEET. INCITES .

17. Limestone, gray, sub-crystalline, seea in

the railway cut near Anchor No. |

mine at Centerville, and knownamong

the miners as the *‘floating rock’... 2 to 4
16. Shale, argillaceous, color variable....... 12 to 30
15. Limestone, heavy ledges, exposed along

the Manson braach and Cooper creek

at Centerville as well as at numerous

other points in the county, the ‘‘fifty

foot’’ limestone...................... 4 to 10
14. Shale, argillaceous, blue and red in color 14
13. Shale, arenaceous, frequently forming a

well defined sandstone
12. Shale, argillaceons, blue and gray ...... 10
11. Limestone, somewhat variable in thick-

ness; exposed along the C., M. & St.

P. railway between Mystic and Brazil,

known as the ‘‘seventeen-foot lime-

stone’ or ‘‘little rock’ .......... ..., 1to 3
10. Shale, sometimes gray, frequently bi-
tumioous and pyritiferous. ....... ... 7

9. Limestone, sometimes gray, and coarsely
sub-crystalline as at the Lodwick
mine, Mystic; sometimes fine-grained,
bituminous, and grading into the
shales above and below, as at the
Thistle mine, Cincinnati, known as
the ‘‘cap rock™ ... c..ovvn il 2to 4

8. Shale, usually bituminous, and known as
‘‘slate’’; occasionally in part soft and
clay like, then known as clod; at
times heavy and homogeneous non-
fissile, in which form it is known as

‘'black bat” ... 1 to

7. Coal, upper bench, usually.............. 1 8-10
6. Clay parting ‘“mud band ...... ......... 2-3
5. Coal, lower bench, nsually.............. 8-10
4, Clay parting the ‘*datchman’ ........... A
3. Coal, frequently impure............ 2-3
2, Fireclay...cooeiiiiiniiiiiiiie v 1to 6

1. Limestone, ‘‘bottom rock’’, well exposed

along Walnut creek at Mystic........ 3 6
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Tt is obvious fromr the ahove section that Lmportant beds of
clay shales ccemr between the limestcenes, and they are much
meore persistent than those which cecur in many of the other Coal
Measure ccunties. The entive seetion is exposed in the central
and north central portions of the county along the Chariton river
and Cooper and Walnut crecks; the lowest beds appearing along
the latter creck, at Mystic and Brazil. Away from the larger
streams and the central portion of the county, the thick veneer
ofi drift effectually coneeals the stratified rocks, although the Coal
Measures cover the entire county.

At Centerville cnly, have the clay shales been developed. Thi
Centerville Brick and Tile Company are using the uppermost
member, number 16 in the general secticn. Formerly their pit
was located south of the Keokuk and Western railway, near the
shaft of the Scandinavian Coal Company and their own plant. At
present the company has opened a pit south of the Towa Central
depot and east of the Keokuk and Western track. The shale
developed is ccvered by a thin mantle of leess and drift, the
““float rock’” having been removed by erosion, and some twelve
to fifteen feet of shale clay are available. The clays utilized are
of a pale, yellowish-brown color above, and grade downward into
gray-blue layers, stained a yellowish-brown along the joints. The
entire assemrblage of beds is finely arenaceons, works somewhat
short and is slightly calcarccus. The clay i1s lcaded by hand
into flat cars and hauled to the plant, a distance of about one
mile, wheve it 1s sheveled en a convever which leads to a dry-
pan. The ware burns a pale red and is fairly streng. The elay
1s adapted to both dvy press and stiff mud precesses. Tt does
not appear to be well adapted to the mannfacture of paving brick
and drain tile. In the vicinifv of Centerville the upper shales
are exposed quite freely along the stream wavs, but could not be
develcped extensively, save by mining, on acccunt of heavy strip-
ping. In the vicinity of Mystic and Brazil the lewer shales

27



PraTe XIX, Pit of the Centerville Brick and Tile Company, Centerville, lowa.
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appear in the bluff walls of Walnut creek. Some fifteen feet of
shales below ‘‘hottom rock’ are visible as in the following see-
tion which may be taken to be fairly representative.

SECTION ON WALNU. CREEK AT MYSTIC.

FEET. INCHES.

10, Drift. .. oo s 12
Limestone, heavily bedded, gray, fossili-

fErOUS . .ot it e e s 2 10

8. Shale, bitumi.ous, fissile.... ... .......... 1
7. Coal.............. e e 1 6
6. Clay parting.... ... 2

5. Coal with some pyrite near base............ 1
4. TFireclay... .. ... .. o ol i, 1 6
3. Limestone, heavily bedded, fossiliferous.. 2 10

2. Shale, gray, clayey, ....c..ciiiiiiiiininn 11

1. Shale, blue, clayey (exposed to water level). 4

The lower shales could not be developed genervally, save by
mining. Iimited areas uncovered along the streams might he
developed cheaply.

A few shale outerops are known to appear along Sugar creek,
in the northeast corner of the county, ncar Foster, No attempts
bave been made to prospect, explore or exploit them.

Boone County.—As in the foregoing counties, Boone lies wholly
within the Coal Measure area. Outerops are limited to the im-
mediate vicinity of the Des Moines river, with the exception of
an unimportant exposure along Squaw creek, near the northeast
corner of the county. The Des Moines river has cut a deep
trench across the county from north to south, and nwmmerous
shale crops appear in the steep valley walls, generally more or
less obscured by drift-slides and talus slopes. The best sections
are exposed near Boone, along the Des Moines river and small
tributaries. The pit at the Boene Clay Works, located southwest
of Boone, cn a small tributary of the Des Moines river, shows
the following sequence of beds:
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Fr1a. 48. Pit of the Boone Clay Works, Boone, Iowa.

FEHRT
9. Drift.... e e 154
8. Potter’'s clay ...l e 14
7. Clay shale, gray-blue ............ ..o, 2
6. Clay shale, gritty, ash colored, iron-stained in the
upper part............l e 4
5. Clay shale, variegated, red, blue and gray........ 12
4. Shale, ochreous band, stained a deep red......... 23
3. Ciay shale, similiar to No. 6...................... 2
2. Fireclay........c.oo.oo i T § 74
1. Shale, impure, exposed................. ... 3

The drift here, as in most of the exposures in the county,
abounds in lime pebbles and howlders, and must be removed.
Number 5 is the principal clay used. 1t is of excellent quality
and contains sufficient iron to give a good color to the finished
preduct. The entive assemblage helow the drift, blends to good
advantage and affords first-class material for the manufacture
of building and paving brick, and drain tile. Directly west of
Boone, the Des Moines river has removed the drift from a con-
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siderable area, exposing some seventy feet of shales, which are
being developed by the Boone Brick, Tile and Paving Company.
The beds exposed in the pit are as follows:

F1ag. 47. Plant of the Boone Clay Works Boone, Iowa.

PIT SECTION OF BOONE BRICK, TILE AND PAVING COMPANY.
FEET.
8. Drift and talus, varying in thickness, average for
pit at the present time.............. .......... S
7. Shale, variegated, gypseous, much weathered and
shrinks considerably during drying and burning 15
6. Shale, gray-blue, arenaceous below, in places a

hard ledge appears and must be wasted........ 4
5. Shale, purplish, variegated, somewhat fissile...... 4
4. Sandstone, argillaceousin part, hard ledge appears
inplaces..... ..ol i e i e 4
3. Shale, dense, gray-blue to deep blue, but slightly
fissile, the most important bed in the pit..... .14
2. Shale, bluish-gray, weathers almost white, finely
arenaceous, TRASSIVE................ «... .... 4

1. Shale, dark blue to bluish-black, gypseous.

At the present time numbers 2 to 7, inclusive, are being devel-
oped. Portions of 4 and 6 must be wasted. Number 7 is used
largely in the manufacture of hollow ware, while number 3 gives
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the best results when vitrified wares are desired. The base of
number 1 is ahout twenty feet above the Des Moines river, while
the plant is located on the bluff, about 200 feet above. The clay
1s lecaded on sinall cars and pulled up an incline by means of a
rope. An ordinary heisting engine is used. The weight of the
empty car is sufficient to carry it back. The plant is turning out
an excellent quality of paving brick, conmon builders and hol-
low ware. Chemical analyses were made of the principal scams.
The results are given in tabular form below.

1 2 3

Silica......oooiiiiii i 47.40 73.70 53.40
Alumiva... ........... ..o 22.20 16.60 20.39
Combined water............. ... 7.90 4.30 8.71

Clay and sand ........ ... 77.50 94.60 82 50
Iron oxide......... 12 40 0.20 12.24
Lime.............. . . ... ... 0.70 0.10 0.99
Magnesia ... i 1.10 1 60 142
Potash........ ... Lol 3.10 0.70 1.42
Soda...ooi i 0 50 0.30 0.71

Total fluxes..... ...... ceee... 17,80 2.90 16.78
Moisture...... ... .. ..o L. 2.10 0.70 0.52
Sulfur trioxide...... e e e 2.40 170 0.55

RATIONAUL ANALYSES.

Clay substance. . ..... ............. 74.90  37.13  67.06
Feldspar..... .......... ..., 8.81 15 33 4 82
QUATEZ. v v ve et ie e 12.70  47.54  28.12
Calcium sulfate and Magnesium

sulfate ........ ... ... L, 3.59 ... oLl

100.00 100.00 100.v0

No. 1 was selected from one of the test pits before the plant was
opened, and doubtless came fromy number 5 in the section; num-
ber 2 came fromy 6 in the section. Number 3 gives the composi-
ticn of a sample compounded from: all of the argillaceons mem-
bers which appear in the section, according to their relative
thicknesses.



PraTe XX. Pit of the Boone Brick, Tile and Paving Company, Boone, Iowa.
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‘While the shales are exposed at numerous other points in the
county, no attempt has been made to utilize them, save in the in-
stances mentioned. The great thickness of the drift is a serious
obstacle to their economic develepinent, even along the larger
streams. The contact between the drift and the Coal Measures
18 a plane of weakness, and drift-slides are of common occur-
tence. Where the slopes are subject to inundation of this kind,
great expense is entailed in the removal of landslides. In some
instances it 1s found te he mere economical to abandon the pit.

Dallas County.—Dallas ccunty is previded with an abundance
of shale clays of excellent quality, and arc unusually accessible
in the scuthern portion, aleng the Raccoon river. The Coal
Measures cover the entire county, but outerops are rave in the
northern half of the county, owing to the thickening cf the drift
northward and the absence cf large streams, save the North Rac-
coon. Some of the best shale sections are given below, and may
be considered to be fairly representative. The shale series ex-
posed near Bocneville is as follows:

FEET.
14. Drift, overlain by loess..... ... ... it 30
13, Sandstone . ... 10
12. Shale, black, fissile. ... .o iiiiir cii e 1
I1. Shales, grayandred....... .. ... ... iiiiiiian, 10
10, Shales, black... oottt e 1
9. Shales, gray ...t i it e e s 3
8. Coal .t e e i
7. Shales, gray...... - i i 9
6. Limestone, fragmental, fossiliferous................. 2
5. Shales, grav............ i o 13
4. LIMESIONE vunniii i e 2
3. Shales o e e 16
2, 8andStOne. . .o e e e 4
1. Unexposed toriver.......... ... ..ot ... 20

Continuing westward ficin Becneville to Van Meter, the Platt
Pressed and Fire Brick Company are develeping the clay shales
south of the Raccoon and well up the bluff. The pit shows tlie
following lavers: '
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Fi16. 48. Plantof Platt Pressed and Fire Brick Company, Van Meter, lowa.

FRET
5. Driftand waste. ... . ... e ltod
4. Sandstone ... e 24
3. Shale, gray, arenaceous................ [ 2
2. Sandstone, blue, compact............c i, 14
1. Shales, variegated, red and gray, exposed ....... ... 15

These clays are developed for the manufacture ¢f red brick
and tile. The firmy also manufactures buff brick and fire brick.
The raw material is obtained from a depth of some 265 feet, by
mining out the three to seven feet which cceurs between the upper
and middle coal seams of the locality. The lower part of the
section at the mine is as follows:

FEET. INCHES.
9. Shale, argillaceous................. 90
S. Coal . .o 1 tol¥u
7. Fire clay, impure, gray ........ ... 2 tod
6. Fire clay, ‘‘flint clay” ..... ... ... 6 to 18
5. Fireclay..................ooo L 6 to 13
4. Coal...... e A § 2 T !
3. Sandstone................ . ... 16
2. Shale, bitumincus......... ... ... 1
1. Coal .. .. .o i 2 tod

Nwuber 7 is uscd in the manufacture of buff briek, either alone
ormixed with number 5. Number6gives a good grade of firebrick,
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Number 9 burns a pink color and gives a good strong brick. By
mixing the mined clays with the suiface red burning shale,
almost any desired color can be secured. The buff burning clay
fnrnishes o good body for the manufacture of the various shades
of mettled and ornamental brick and enameled wares. The
three grades of fire clays have been analyzed, and gave the fol-
lowing results:

No. 5. No. 6.

SiliCa. cve e e e 55.11 86.63
Alumina. ....ooe v e e 26.71 10.92
Ironoxide . ..... ..., 4.28 0.10
Sulfuric acid.. ..o o s 4.16 ...
Water. oot e e e 9 69 2.33

99.96 99.97

The analyst was W. S. Robinson, chief chemist of the Union
Pacifie railway, Omaha, Nebraska. While the constituents are
given in the form of exides, the iron in. numbler 5 doubtless occurs
in the form of the sulfide. None of the strong fluxes, soda, potash,
lime and magnesia, were reported. Numnber 6 is highly siliceous
and extraordinarily low in fluxing constituents and ought, when
properly manufactured, to yield a superior quality of fire brick.

Number 7 was analyzed by Charles Ferry, of Troy, New York,
and gave the following results:

1B T S 53.21
ATUMING oo et e e 25 74
Combined water ......coit it e 10.19
Clayand sand ....... ..o viiriiiiiin i e e 89.14
Tron OXide . ..o e e 7.07
Lime... ...... o es e e e e e e 0 48
Magnesia ...o. v e 0.98
Potash and soda . ....cvvn i i i 4.30
Total AUKES. .. e e e e 12.83

The clay is manufactured, dry press process, into an exceed-
ingly dense, strong, homogeneous brick, much prized for front
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brick and interior finish work. 1t is one of the most durable dry
press brick on the market.

About threc miles east of Redfield, near Cottonwood mills, fifty
feet of Coal Measure strata appear in the biuff north of the river.
Shales greatly predominate and but little stripping would be
required in their utilization. The section is as follows:

FEET
11, Drift. oo e e e 3
10. Shales, sandy, buff.......... ... ... .. ... 10
9. Sandstone, yellow......... ................. e e %
8. Shales, sandy, buff ... .... .. ... e 1
7. Shales, blue.. ..... ......... e e e 1
6. Sandstone, yellow, soft ........ ...... .. ... .. ... ... 3
5. Shales, sandy, buff and gray ........ ... ... ... ... 10
4. Sandstone, soft, gray........ ....... .. ... e eee. 3
3. Shales, sandy, blue.... ..... ... .. ... . . L 12
2., Sandstone, yellow .............co. it iiieeee cannn 1
1. Shales, sandy... .. ..ot s 4

South of Redfield, near the junction of the Middle and South
forks of the Raccoon river, at ‘“‘Hanging Rock,”” a massive sand-
stone makes up thie principal portion of the section. In the west
edge cf the town, close to the right-of-way of the Chicago, Mil-
waukee & St. Paul railway, the sandstone member has entirely
disappeared and a splendid skries of shales may be observed. The
clay pit of the Redfield Brick and Tile Company displays the fol-
lowing layers:

5. Drift and hillside wash ..... ..ot 0-10
4. Shale clays, variegated, yellow, gray, bliue, purpleand
red. Fissility somewhat obscured by weathering . 8
3. Shale, red, fissile, with occasional very hard, hematite
COMCTIEIONS . i vttt et .4
2. Shale, blue to blue-gray when weathered; jointed, con-
tains occasional finely arenaceous streaks, and
[imonitic S€amS «vovvt vt i ei s e 12
1 Fire clay. ..o i e e 4

The p']ant 1s very favorably located. Practically no stripping
is required and the transference of raw material to the factory
and the manufactured produect from the factory to the car, can be
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very cheaply done. All of the shale beds are used, and the com-
posite is well adapted tc the manufacture of all grades of com-
mon brick, paving brick, sidewalk brick, drain tile and hollow
block. West of Redfield the arenaceous members again become
prominent. Near the old mill site south of Linden, on the Mid-
dle Raccoon, the following section appears:

FEET
12, Drift. . e e
11. Sandstone, buff, shalyinpart................ oiiint. 7
10. Shales, gray, sandy above.................. e 8
9. Coal e e %
8. Shales, gray. .....oo. civnviiit .e.. 6
7. l.imestone, gray, very fossiliferous. .................. 1
6. Shales, gray............. 0 oo il i 6
5. Limestone, buff, 18-inch layer below, brecciated and
yellow above.... ......... .. ...... e e 4
4, Shales, gray...... ..oy i 12
3. Sandstone, gray .....c...vh i e e 2
2. Shales, gray...o.uuiein i it 13
1. Clay shales, red, exposed to river ............. ... .... 2

The thin seam of cecal 1s forty-six feet above the river.

North of the Middle Raccoon there are few exposures of the
Coal Measures. Just north of Adel, on a small tributary of the
North Raccoon river, much obscured siliceous and argillaceous
beds may be observed. A local brick plant has developed the
beds to a limited extent. The pit shows the following layers:

FEET,
3. Shale, variegated, siliceous and gypseous, with hard
ferruginous and clayey concretions. .............. 14
2. Coal, impure, clayey and with calcareous layers ...... }4
1. Shale, light gray to white at top, variegated below
(EXPOSEA)s. s v iiviin i et i

To the west the shales cut out rapidly, and within one hundred
feet the drift rests directly on number 1. Common brick and
drain tile only are attempted.

Just above High Bridge the Coal Measures appear in the west
bluff. The following beds may be observed:
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FEET. INCHES
50 DIt oo 4
4. Sandstone, thinly bedded ......... ...... ... 3
3. Shale, light colored, with sandy concretions,
grading downward into bituminous shale. 18
2. Coal. .. . 1 8
1. Fireclay, exposed ........... ... .. . ... 4
The above section may he accepted as being a tair example
of the Coal Measures for the northeastern portion of the county.
No attempt has been wade to utilize the heds in this vicinity.
Decatur county.—The county hes wholly within the Ccal Meas-
ures. The lower measures appear spavingly along the Grand
river and in the southeast corner of the county. The shale clays
have not been utilized, and are not very accessible. Along a
small ravine, north of Davis City, the following shale section
helonging tc the Des Moines stage, may be ohserved:

FEET

E. Shale ...l e e e 3

4. Shale, black, fissile....... ... ... ccevvr .o Lo, 1

3. Shale, drab, arenaceous. ... .c.ovvevr e terne i, 4

2. Shale, sandy, yellow.........c. .. oot 6
1. Shale, drab, clayey, with several thin bands «f blue-

black, non-fossiliferous limestone................. 4

By mingling numbers 2 to 5, doubtless a good strong brick
could be praduced. None of the beds are especially well adapted
to the inanufacture of clay wares, and the bitnminous shale might
have to be rejected. The heavy stripping would make extensive
cpen pit work impossible, and mining would scarcely be fcund
practicable.

"Thie upper Coal Measures carry so much line that good shale
sections are rave. One of the best in the county may be viewed
at DeKalb, near the wagon bridge just ncrth of the railway sta-
tion. The scction exposed is as follows:

FEET '
5. Limestone, thinly bedded, very fossiliferous ......... 2
4. Shale, soft, gray................. .. e e 2
3. Shale, fine, black, fissile...................... ... .. 1
2. Shale, black, soft........ e e 21
1. Shale, drab........................ B 4
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Here, again, the shales could be worked only by mining, and
while the limestone would afford a good roof, the quality of the
raw material would hardly warrant the expense.

Des Moines County.—The (loal Measures occupy small de-
tached arcas in the soutliwest corner of the county, near the Skunk
river. Southwest of Danville the following beds may be viewed :

FEET. INCHES.

7. Drift. e 20
6. Shale, light colored.............. ... .. .... 20
5. Shale, bituminous. .......... ..., 3 2
4. Coal o e e e e 1
3. Fireclay ... oo i e e 3 6
2. Shale, brownish, gray, gritty............... 1 6
1. Shale,light,brownish,sandy in places(exposed) 4

While the area is small and at present somewhat inaccessible,
the shale clays are excellently adapted to the manufacture of the
various grades of clay wares. Certain of the layers below the
coal seam have for more than bhalf a century been used in the
manufacture of pottery.

On the farm of B. B. Jester, near Parrish, a clay shale is being
developed which has gained quite a local reputation as a fire clay.
It lies below the thin coal seam, and attains a thickness of four
feet. The section here exposed is as follows:

FEET
ST 8 ) 1 P 0
4. Shales, argillaceous ................. e e 20
3. Shale, hard, dark gray in color above, bituminous
below . ... i 3
2, Coal o 14
1. Shale ..o 8

The coal vein has heen worked from time to time since 1834.
Nunber 1 in the section is separable into three parts, consisting
of three and one-half feet cf fire clay, gray, slightly iron-stained;
one and one-half feet of hard, brownish-gray, gritty shale and at
the bottom four feet of lighter browmish-gray clay, quite hard.
The lowest layer is best adapted to the manufacture of fire brick
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and when washed can be used for a fine grade of potterv. Chemi-

cal analyses, both complete and rational, of the fire clay are given
helow :

.............................................. 74 .82
AlIMIDa . .t e 15.54
Combined water. ....... .. ... ... ... .0 o oo 4.97
Clayandsand. ........... i .. 95.33
Iron oxide ...... ...... e e 2.72
Lime ..o . o 0.73
Magnesia ... 0.45
Potash ... .o e e 0.32
Soda .. 0.38
Total fluxes....... e e e e 4.60
Moisture ......coit i e e 0.22
RATIONAL ANALYSIS.

Clay substance............... ... oo 21.77
Feldspar......... ... oo s 9279
QUATIZ ..ttt it e e e e 68.94

100.50

The total fluxes calculated on a water free hasis amount to 4.83
per cent. The physical tests and furnace tests support the chemi-
cal analyses and indicate that the clay deserves more attention
than it has yet received.

The clays at prsent used by the local potteries are gvpseous
and concretionary and washing is neeessary. The removal of
these impurities is accomplished by mixing the clay to a slurry
with water, then passing cver two screens, an upper 60-mesh and
a lower 70-mesh to the inch.

The screens vibrate longitudinally and the coarser particles
are removed at one end. This slip is run into a tank dug into
the ground, where the water evaporates. If arrangements were
such that the water could be tapped off instead of being per-
mitted to evapoiate the soluble matter could be removed instead
of being permitted to remain in the clay as at present and later
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appear in the surface of the unglazed ware as a white cfflores-
cence.

Fremont County. The upper Cloal Measures are believed to
cover the entive county and lie immediately beneath the dvift.
They are prevailingly argillaceous or marly in character with
immediate beds of hard limestone exposed in nearly every sec-
tion. At Hamburg in the southwest portion of the county, just
scuth of the school house cn D street, a shallow pit shows the
fcllowing seetion :

FEET.
5. Shale, calcarenus, variegated, fossiliferous; containing

hard nodules of pyrite and lime .................. 15
4, Limestone, impure, gritty, fossiliferous .............. 18
3. Shales, red and gray. .......ccoviiiineeiiinnnn it 4
2. Limestone, impure, color dark gray............ .. .2
1. Shale, gray, argillaceous ...........ocvive it 12

The above section may be taken as fairly representative. No
attempt, as yet, has beenimade to utilize the indurated beds at this
point. About three miles east of Nebraska City Junction a strat-
um of shale with a thickness ef four or five feet is exposed innme-
diately above a ledge of sandstone. The shale is quite free from
grit and varies from pale to dark red in color. Some prospecting
has been done with a view to using it for paint. It would doubt-
less give better results in the manufacture of clay wares, No
other shale secticns wolrcthy of notice are known to exist in the
county.

Greene County.—The ccunty lies only partially within the
Coal Measures, the western portion being overlapped by the Cre-
tacecus. The few cutcrops of shales in the county appear aloug
the Racccon river, southeast of Jeffersen, but at only one point
are they utilized, and that is at Grand Junction, where the raw
material is mined in conjunction with the mining of an cighteen-
inch ccal vein. The Grand Junction Brick and Tile Company
has opcrated successfully for a number of years, notwithstanding
they could cbhtain their clay only by mining. The coal seam
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werked lies about 140 feet below the surface, and the clay used
is a semi-fire clay which lies directly under the ccal. The prin-
cipal output is drain tile, although some brick are produced. The
ware burns buff to pale red and gives excellent satisfaction.

Aleng the Raccoon river, ncar the scutheast corner cof the
county, shale cutereps may be noted. Usually the drift mantle is
quite thick, and considerable stripping would be necessary. In
some instances the shales exposed ave of excellent quality, but
nct very accessible. Near the Riverside mine the fellowing sec-
ticn may be cbscrved:

FEET
5. Drift, variable in thicknessupto... ................. 50
4. Sandstone......... . i i e 1to2
3. Shale, plastic ........ (.. i 2
2. Shale, argillaceous, more or less massive. ............ 34
1. Sandstone .. i v e Exposed.

The shaft scetion in the lmimediate vieinity demncnstrates that
the sandstone is forty feet in thickness and is underlain by twenty
feet of shale, in part bitmminons, which rests divectly upon the
principal coal seam: of the district. The coal is underlain by the
nsual layer of fire clay. No attempts have been made, as vet, to
utilize the argillacecus deposits.

Guthrie County.—The Cretaceons 1s believed to cover the
greater porticn of the county, but the Coal Measures ocenr in the
east quartcr and apypcar along the Middle Raccoon river into the
nerthwest corner township. The best exposures may be viewed
aleng the Raccoon river. Shale eclays constitute an important
part of the Coal Measure series as developed in the county. The
following sceticns inay he considered fairly representative for the
county. Socuthwest i Linden, in Dallas county, near the old
Tann mill site, on the Middle Racecon, the fellowing beds are
more or less imperfectly visible.
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FEET. INCHES.
16. Drift, Kansan........ oottt [§] 4
15. Limestone, thin bedded, buff ........... 1 6
14, Shales, gray, argillaceous; becoming blue

below .. ... ... 20
13. Limestone, nodular, impure............ 6
12. Shales, bituminous, mixed with impure
coal. i 1 6
11. Shales, light colored....................
10. Sandstone, coarse, yvellow, with flakes of
coaly matter and remains of poorly
preserved Neuropteris.............. 10
9. Shales, arenaceous, blue and yellow.... 3
8. Coal, impure. ..... .. .. ... 6
7. Shales, dark and light blue............. 7
6. Limestone, thin, irregular.............. 1
5. Shales, blue.... ... ... ... ..o .. 2
4. Limestone, earthy, irregularly bedded.. 1 6
3. Shales, blue...... ... ... .. L I
2. Limestone, impure ......... .. e 1
1. Shales, blue and gray, exposed about
twenty feet above the river...... ... 2

Northward exposures are not uncommon, and good cutcrops
of clay shales may be seen in the vicinity of Panora. The pit
of the Panora Brick and Tile Company shows the following
sequence.

FEET
3. Shale, clay, argillaceous, red...................... 12
Coal and bituminous shale ................ ....... 2

1. Shale, argillaceous sandy, blue to white with
irregular bands of calcareous material; exposed
to within six feet of the river ...

Practically the entire section is utilized, and very little strip-
ping is necessary. Drain tile is the chief product. The raw
material is of good quality and vitrified ware could be manu-
factured satisfactorily if desired.

Panora is the only point in the county where the shales have
been used as yet. Otlier outerops, quite accessible, are not rare.
About one-half mile nortlh of Glendon, in a cut on the Rock
Island railway, excellent material is exposed, although some
stripping would be vequived in the cut. In the near neighboi-
hood, douhtless, areas could be found where the upper beds have



THE COAL MEASURES. 435

been remeved and the lower shales are more casily accessible.
The cut scction is as fellows:

T'EET.
6. Sandstone, soft, yellow to red, irregularly bedded. 2
5. Clay, yellow, free from grit, much like geest....... 1%
4. Limestone, brecciated, gray, with common Coal
Measure fossils......... ... ... ... o L 2
3. Shales, yellow, clayey.......... .. ... oL, 8
2. Limestone, soft, sandy......... ... ... ... ... L3
1. Shale, clayey, red to greenish ................. wans 12

Hamilton County.—Hamilton lies almeost whelly within the
area of the Coal Measures but few good outerops ave wvisible.
Practically the only exposuves appear along the Boone viver
between Webster City and the Webster county line, and these are
almost wholly concealed by landslides and vegetation. No at-
tempts have heen made to explore or develop the shale clavs.
Some coal has been mined in this vieinity, but no mines ave in
operation today. The Silver mine, located on a small ravine west
of the Boong river, (Tp. 88 N., R. XX VI W., See. 36, southeast
quarter, southeast quarter) shows the following section:

Fia. 49, Plant of Webster City Brick and Tile Company, Webster City, Iowa.
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FEET. INCHES.

S. Drift.. e 2
4. Shale, light to dark colored, somewhat

sandy in places..... e 5
3. Sandstone,massive,with occasional bands

of bituminousshale.......... e 3 4
2. Coal i e e e 1 2
1. Shale, drab and fire clay (exposed)...... 2

The ccal seam and fire clay band are visible at a number of
peints, but are not very accessible. There is no railroad, nor are
there any towns in the vicinity of the outcrops.

Hardin County.—The Coal Measure shales have heen devel-
oped at three points in the county; Iowa Falls, Eldora and Gif-
ford; the first along the north fork of the Iowa river and the last
two below the junction, and also on the bottom: land of the South
fork. Along the north fork of the Iewa river, frem about a mile
and one-half north of Gifferd to some distance above Steamboat
Rock, a red-hrown sandstone appears prominently in the bluffs.
In the vieinity of Eldcra, clay shales appear in the valley walls.
North of town along the Tewa river, cn either side of the wagon
road, two coal scams appear a few feet above the water in the
river. The fire clay below: the lewer seam has a good reputation
and was used formerly in the manufacture of pottery. Kast of
Eldora, along on thie east side of the river, the following section

may be observed:

FEET
ES SR 3 5 1 S P AP 5-15
4. Sandstone, red, ferruginous ....... ... ... ..ol 30-40

3. Shales, variegated, fissile, oxidized to a yellowish-
brown above but gray-blue to deep blue below.
The variegated appearance is due in large
measure to the seams and flattened lenses of

fine, white sand..............o i, 12
2. Talus slope, beds concealed but probably made up

of shales largely.......ooo i i, 20-30
1. Sandstone, friable.... .. .oviiiiiiiiiii i, 10-20

The beds are repeated west of the river; the sandstone, how-
ever, is much more prominent. The clay shales, number 3 in
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the section, have bieen used to a limited extent by the clay plants
in Eldora, but with results not altogether satisfactory, on account
of the sand seams.

On the Towa river bottom north of Eldora, a clay pit has been
opened by the Eldora Pipe and Tile Company, who haul the clay
to their plant in the city. A fair grade of fire clay is obtained
in the vicinity, an analysis of which is given herewith.

N B T e 72.09
AlUMINA .ot st e e e e e iaea 16.24
Combined water ... ...c.uiiiui i 5.18

Clayandsand ...... oot 93.51
Ironm oxide ... ... i e e 1.08
Lime. o e e e 0.48
Magresia, . oot en e e e 0.48
Potash ..o e 1.08
1o s - P 0.77

Total QUReS. .. .t i e e 3.89
MOTSEUITE © ottt ettt e s et e e e et 2.46
Sulfur trioxide............ . . 0.14

Caleulated on a water free basis, the tctal fluxes amocunt to
scarcely more than fcur per cent, cr move accurately, 4.36 per
cent. The elay is highly plastie, shrinks but little during the
processes of dryving and burning, is excellently adapted to the
manufacture of pottery, fancy and mottled brick, and would
doubtless give a fair grade of fire brick when wixed with a lib-
cral amount of ‘‘grog’’ and properly made.

High grade clays also oceur scuth of Eldora, about one-half
mile north of Gifferd, en the bottém land of the south fork of the
lTowa river. From two to four feet of stripping is required, helow
which is azection of nearly twenty feet of shale clavs. These beds
have been developed for some forty vears, and are at present used
by the Kldora Pipe and Tile Works and by the Marshalltown Pot-
tery Company.  Analyses of two of the types give the following

results:
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CLAY No. 1.

SHCA, vttt e e e 78.49
AlIINA ot et ettt e e e e 10.24
Combined WALEI. ...ttt e e 3.33

Clayand sand........ccoiiiiiiiviininnnanonn.. 92.06
Iron oxide ... ittt e e 4.32
5 = S .51
Magnesia. . ... s .44
Potash .. .eii e 1.23
F oY 1 .81

Total AUKes coi. v e e e 7.31
Moisture, sullur trioxide and carbon dioxide ..... . .84

SIlCA + ot vves et e e e 63.27
7 L oo B o Y 20.21
Combined water......... ..... e e e 8.50

Clayandsand.............. ... . . oooiiiiol. 91.98
Iron oxIde. ..o e 4.32
Lme . . e e e .99
Magnesia. ... oo it i e .42
Potash ..o e e .64
1S To X - T .55

Total fluses ... i e 6.92
Moisture, sulfur trioxide and carbon dioxide............ .98

1 2
Clay substance...............coooiiin... 14.81 41.10
FeldSpar «oveviinn coiii i et 48.21 12.22
Quartz......ooiiiii i 36.98 46.68

100.00  100.00

Both clays are rclatively low in fluxes and ave highly plastic.
Just south of the tewn of Gifford the Coal Measure shales out-
crop along a small stream and have been developed by the Gif-
ford Brick and Tile Works. The pit shows the following heds:
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FEET,

2. Drift, on northside of pit arenaceous to gravelly
below, loosely compacted dirty, yellow........ 0-3

On south side of pit a heavy, blue joint clay, ox-
idized a red brown along the joints............ 0-3

2. Shale, deep blue (almost black when wet) consider-
ably oxidized where unprotected by drift,
becomes arenaceous eastward and contains but
lHttleiron. . ov v ie e e i e 8

The shale burns a pale red, works rather easily and makes a
strong tile when properly burnt.

No other shale outerops are known below this point within the
limits of the county.

Fi1a. 50. ‘‘Honestone Quarries’” showing Coal Measure shales on the Iowa river west of
Towa Kalls, Jowa.

West of Towa Faills the Coal Measures form: two small detached
areas along the Towa river. Near the so-called ‘‘ Honestone Quar-
ries’’ the following beds may be viewed:
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FEET

7. Drift of variable thicknessup to. .................. 50

6. Shale, AreNaACEOUS. . ... +ouviiiriverrenanrnnrennan 10

5. Shale, sandy to shaly sandstone................... 3

4. Shale, variegated, blue to yellow................. 4

3. Sandstone, fine-grained, gray-blue, forming a pro-
jecting ledge ... .. N 2

2. Shale, fissile, gray-blue, to deep blue when wet.. 30

UNCONFORMITY.
1. Limestone, cherty and much weathered, exposed.. 5-10

Near the streams which ave tributary to the Towa river, the drift
covering is muceh thinner and the shales are much more accessible.
These beds are being developed hy the [owa Falls Brick and Tile
Cempany. A semi-fire clay appears in the sectien, from which a
fair qnality of fire hrick is being manufactured. All of the clavs
run Jow in fluxes and are fused with difficulty.

Humboldt County.—The Coal Measures are believed to cover
the southern portion of Humboldt county. Along the west fork
of the Des Moines river, a short distance southwest of Bradgate,
a white, arenaceous shale outerops near the wagon bridge. The
white shale is quite plastic when wet, and several feet of varie-
gated shales rest upon it. The section continued upward cen-
sists of five feet of green, siliceous shale and, finally, twelve feet
of gray plastic clay. Over this lies fourteen feet of gravel and
vellow bowlder clay. The major portion of the section is believed
to be suitable for the manutacture of any of the common clay
wares, and might possibly he suitable for sidewalk bleck and vit-
rified wares. None of the seams have been exploited.

Jasper County.—The Coal Measures cover almost the entive
county, but shale outcrops are not very commnon, owing to the
great thickness of the drift, especially in the northern and eastern
portions, and consequent talus slopes. In the southern portion
of the county the ““Redreck’ sandstone appears prominently
along the stream ways. Two miles above Liyvnnville a ccal shaft,
knewn as the Black Oak shaft. penetrated the fcllowing beds:
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FEET
11, Drift. .. i e 5
10.  Clay shale, light colored above, unctuous ........ 6
0. oAl it e e e e 4
8. Fireclay...coover i i 5
7. Sandstone, soft, massive, upper six inches indurated 5
6. Shale, somewhat fissile, irregular concretionary
bands of iron-stone at base.................... 20
5. Coalevveivriininnennn., e e 13%
4, Fire Clay . voviviit it it e e e %
3. Shale, bituminous.... ...... ... ... ... . ... 8
2. Coal. .. e s 14
1. Fireclay, (exposed)...........coiiiiii it 2

The shale alicve the upper ccal seam is quite persistent and
could be mined readily with the coal. It has been tested, and
gives a good quality of structural brick. Tt has not been devel-
oped, owing to lack of transportation lacilities. Near the head
of Bireh ereek, about one mile from the town of Monroe, the Coal
Measures are being developed by the Monrce Brick and Tiie
Company. _

Stoneware is also manufactured on a small scale. The pit cee-
tion 1s as follows:

5. Bowlderclay, occasionally lime bearing......... . 3
4. Shale, strong, plastic, pink...................... 2

3. Shale, dark blue, plastic..........ooovviin ... 3%
2. Shale, bituminous, fissile......... ... ... ... 2y
1. Shale, white siliceous, in lower part............... 1014

Number 1 has been used in the manufacture of pottery. 'The
entire section, with the exception of number 5, can be utilized in
the manufacture of common brick, hollow ware and probably vit-
rified brick. _

Jefferson County.—The Ceal Measures cever much the greafer
portion of the county. As the county has been considerably dis-
sected by streamns and the drift is comparatively thin, numercus
shale sections are exposed, although shales are being utilized at
but a single point, at Fairfield.
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Neay: the southeast corner of the county, along a small ravine
running into Cedar ereek, on the scutheast quarter c¢f section 33,
Round Prairie township, the following sestion may be observed:

FEET.
5. Shale, black....... ... . it e 12
4. Sandstone, white, with imbedded fragments of

charcoal. ... ... i e 14
3. Clay, arenaceoUtsS. v uvevieein i ieie crene e 1
2. Shale, white, arenaceous.............vv  ciunn... 3
1. Sandstone, white.... ...t viiinnns iivennnnn. 3

To the westward numerons good exposures. of shaleg are visi-

ble along Cedar creek and small tributaries.

Among the best of

these may be mentioned the bluff on the south side of the creek
on section 29, (‘edar township, which shows the following beds:

6. Sandstone, vyellow.......................

5. Shale, yellow.......... .. ... .ol L

4. Coal of the common bituminous kind above, chang-

ing into cannel coal below...........

3. Fire clay

2, Shale, dark, becoming highly carbonaceous and

bituminous below.....................

1. Shale, green, extending down to the bed of the

creek. .. e

On the nerthwest quarter of seetion 32, in Fairfield township,

the beds are decidedly more arenaceous and the sequence is as

fellows:

TEET.
7. Shale, soft, arenaceous with alternating bands of
sandStone. .. ..ot L.l e 7
6. Sandstone, cross-bedded, somewhat coarse-tex-
tured ... 10
5. Shale, gray, arenaceous, thinuning toward the west. 3
4. Sandstone, gray, slightly cross-bedded and mica-
CEOUS & vttt es e eee e et e e 7
3. Coal, thinning to the east and running out to the
west, greatest thickness....... ... ... ... 115
2. Fireclay, gray and arenaceous.................... 3
1. Fire clay and shale (partly concealed).............. 7
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One-fourth of a mile south of the center of section 28 is located
the elay pit of Raney Brothers Brick and Tile Plant. The pit
section is as follows:

N LR O N

Fi1a. 51. Raney Brothers Brick and Tile Plant, Fairfleld, Iowa,

FEET.
Loess and bowlderclay... ... .ooev it 15
[OFcY: ) 33
Fire clay, white...... .. . i 2
Shale, black, with some crystals of gypsum....... 3
Coal .. e 1
Fire clay, white.............. ... ... . . .. 4
Sandstone, greenish, fine-grained, micaceous..... 1

KExposures similar to the pit section continue along the small

creek. In Liberty township sections are commmon along Cedar

creek. A good exposure may be viewed in the north bluff east
of the wagon bridge in section 3, and shows the following beds:

7.

— ) W

FEET.
Shale, gray, disintegrated and containing crystals

of gypsum, and a calcareous seam which bears
fossils and coneretions........................ 25

Fire clay and shale......... e e 1
Coal, partially concealed near bed of creek ......
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A generalized section of the Coal Measuves forr Liberty town-
ship would be as follows:

FEET

9. Concretionary limestone......... e e 1-5

8. Shale, gray.................. e s 5

7. Coal. .o o e e 0-3

6. Fireclay.... ... ol 0-4

5. Sandstone, hard, gray........ .. .c.ceiiiiiiniieians 0-5 ’
4. Shale......oiiiiii 30

3. Shale bituminous............ ... veiiiivinn... 1-3

2. Coalieii 3

1. Fireclay, andshale........................ ...... 7

The preponderance of shales in the above section is obvious,
and vet none are being utilized in elay manufactures.

In the western tier of townships, shale exposures arve still com-
men. On the west bank ¢f Competine creek, in the southeast
quarter of secticn 21, in Locust Grove tcwnship, a wpresentative
section may be seen. The sequence 1z as follows:

FEET

5. Shale, bituminous ......oveit it 1
4. Shale, sandy, greenish, in places dark and with

septarian nodules............. ... e 15

3. Sandstone, argillaceous, greenish and calcareous.. %4- 1

2. Shale, arenaceous, gree€n..............c.o..vvunnnon. g-10

1. Limestone, brecciated, concretionary.............. 3

Jefferson county possesses good railway facilities, and doubt-
less the shale clays which ave more than crdinarily accessible will
receive, at sowe future time, the attention their importance merits.

Keokuk County.—The Pleistocene deposits cover the entive
county and attain an unusual thickness, averaging from 100 te
200 feet over the uplands. Only the larger streams have eut
threngh the drift, exposing the older rocks. The (‘cal Measnres
ocenyy the greater portions of Praivie and Washington town
ships, and a number of iselated patehes ceenr over the southein
half of the connty. Along Coal c¢reck, in the vieinity of What
Cheer, unimportant ¢rops of shales appear, but are usnally mucn
obseured by drift-slides. The prineipal coal hiorizons are usually
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accompanied by important five clay seams. One ofi these has been
tested for pottery, and the results were all that cculd be desired.
None of the beds, however, have been exploited commercially.
Extensive development of the shales and clays could only be done
by using mining metheds.

The fire clay which accompanies the principal coal seams of
the What Checr district has been analyzed, and the results ave
as follows:

SilCa . e et e e e 62.75
Alumina. ... e i e e, 22.00
Combined water. ... ..oveuiiuiiiniiiiiens careann 6.92
Clay and sand....... .ot ciii e iie ciaieeaann 91.67
Irom OXIdE. .ot i e s 2.28
555 o U= 0.65
Magnesia. ... ...t e 0.39
Potash . ... o i 1.93
B0Qa. ot e e e 1.49
Total fluRes. ... .. i e 6.74
MOISEUTE. ot ittt e e e e e 0.84
Sulfur trioxide. ........ . i e e 0.69
RATIONAL ANALYSIS.

Clay substance....... ... .. iiiiieennnnneann vuns ... 40,11
Feldspar........ oo 5.52
[T D o < 54.37

100.00

The fluxes run low, and the clay is highly plastic. It burns a
light butf and requires more than 2,800 degrees Fahrenheit to
fuse it.

Near Delta the glacial debris is somewhat thinner. About one
mile and a quarter scutheast of town, a shaft sunk by Martin

Fisher penetrated the following beds:

FEET,
5. DIt e e 4
4. Shale, bituminous below. ................... .. .... 9
3. Coal...oov i e 414
2. Fireclay ... i e 4114
1. Shale, bituminous........covrvriinnir e ann.
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A small Cloal Meesure outlier alont two aud cne-half wiles
north of Martingburg furnishes a fair grade of clay which has
been used to a limited extent by the local hrick and tile plants in
admixture with the surface clays. Other small outliers would
franish, deubtless, good material for the various grades of clay
wares, but no attempts have heen made as yet to utilize them.

Lee County.— Several mere or less detached Cloal Measure out-
liers form the country rcek in the northern and western portions
of the county. In Franklin township some coal has heen mined.
On the northeast quarter of the northeast guarter of section 4,
the old I[Iardwick mine and slope aleng Sugar creek show the
fellowing section:

FEET.
ST B o 1 3
4. Shale, bituminous............ ... .c... 1
3. C0al. i e 3%
2. Fireclay, arenaceous.................. ... ... ... 2
1. Shale, arenaceous (exposed)..........cvoouiuenoon. 3

On the northwest quarter of section 10, in the same township,
a more extensive outerop 1s exposced. The following beds come
inte view, the upper beds, only, belonging to the Cloal Measures:

FEET.
7. Drift. .. 10
6. Coal.... i e 2
S. Fireclay. ..o 2
4. Sandstone, soft, quartzose........... ... .. ... 5
3. Limestone, coarse, irregular.......... .......o..... 2
2. Shale, calcareous. ......covvieiiiiiiiiiens ciiaa 1
1. Limestone, shaly above to sandy below............ 11

North of Keokuk, near Rand Park, some exploratory work for
coal has been done. The section is as follows:

FEET
6. Drift.. .. e 20
5. Shale, dark, bituminous........ccoviriivnr uuen... 6
4. Coal..i i e 1%
3. Fire clay. ... i et e L
2. Sandstone, brown, coarse-grained................. 10
1. Limestone, brecciated (exposed)................... 8
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Below Kieokuk, above Nassau slough, <hale beds appear but
thev have not been developed. Clays and shales are available at
other points, but as vet but feeble attempits have heen made to-
ward their utilization. In many instances sufficient ceal 1s fonnd
m the imunediate lecality to burn the clays.

Lauecas County.— Although the county lies well within the C'oal
Measure aren, good sections are rare, on account of the generous
drift covering and absence of lavge streams. The shale elays
have not been developed within the confines of the county. The
best exposures cceur on the Cthaviton rviver, Whitebreast cveek
and aleng the Tittle Whitebreast and its tributaries in the viein-
ity of Chariten and Cleveland. Five miles northeast of Cleve-
land, the bluff section along Whitebreast creek is as follows:

FUET.
120 Drift. o 5
11. Shale, argillaceous, variegated.................... 4
10, Coal oo e e e 1%
9. Fire clay..... oo e 1
8. Shale, variegated............... ... i 8
7. Limestone, impure, earthy in places .............. 2
6. Shale, ash colored, calcareous below.............. 6
5. Limestone, bluish, nodularin places............... 2
4. Shale, black, bituminous, fissile......... ......... 114
3. Coal. ... o 1y
2. Fire clay..... . oiiiie i e 2
1. Shale, light colored, sandy in places, .............

Heve, as elsewhere in the county, wherever the Coal Measures
are exposed the shales and clays are greatly in the predominance
and most of them are suitable singly or in combination for the
manufacture of the various grades of clay wares.

Madison County.—The upper Ccal Measures occupy a con-
siderable portion of the county. Thie margin is deeply lobular,
owing to profound stream dissection. The lower (loal Measures
form: the countrv rock over the northeast quarter of the county
and follow the more important stream ways well toward the
western and southern boundaries ¢f the county. Good expos-
ures arve common and easily accessible; the best for the lower
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Coal Measures may be observed in Scuth township. The most
complete seclion cccurs cn a small branch of Chariton creek,
which takes a west and north course across sections 35, 34 and
27. The secticn heads near the Des Moines and Kansas City
railroad, while the base of the section reaches alinost to the right-
of-way of the Chicago Great Western railroad. The sequence is
as follows:

FEET. INCHES.

22. Shales, drab, argillaceous .................. 12
21. Shales, red, argillaceous.......... .......... 3
20. Limestone, fragmental, earthy, with bits of
fossils. ..o e 2
19. Shales, blue to green, argillaceous, grading
intoredbelow........... ... ool 3
18. Shales, blue to green, sandy, with nodular
segregations of limestone................ 12
17. Shales, blue, calcareous........ ............ 12
16. Limestone. compact..........coovenunennns . 2
15. Limestone, fragmental, loose . ........... 10
14. Limestone, fragmental, but firmly cemented,
reddish color.......... e aenn et 1
13. Shales, green, argillaceous................... 29
12. Limestene, blue to black, in two ledges...... 1
11, "Shale, carbonaceous..........ovvvuenniinn. 2
10. Shale, clayey, drab........ ... ol 1
9. Shale, yellow, sandy, with marked horizontal
bedding planes................ ... ... L 4
8. Shales, black to drab, carbonaceous.......... 6
7. Limestone, nocular, gandy........ ......... 1 4
6. Shale, gray,sandy..... .. ..., ... 3
5. Limestone, similarto No. 7......... .. vcann. 10
4. Shale, clayey, drab to blue.................. 10
3. Shale, carbonaceous.. .......vviiiiiiananen 1
2. Limestone, thin bedded, leaf-like in texture.. 3
1. Clay, green. ... ...ooiiiuit iviieniiniinnennn - 3

North of St. Charles, on the road leading south across section
11, the following beds are exposed along a gully. The section
starts 100 feet below the upland.

FEET. INCHES,

15, Drift. ..t i e 6
14. Sandstone, soft, gray, with flakes of yellow
MICA, ettt i e e 8

13. Shales, sandy, gray.......oveviiinnreiann. 15
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FEET. INCHES.

12. Limestone, sandy, fossiliferous ............. 1 2
11. Shales, carbonaceous, coaly below... ...... 1 4
10. Shales, gray.......coitiiiiiin ciiiiie
9. Sandstone, heavily bedded, with Lepidonden-
Arons ... .. e e 4
8. Shale, sandy above..........
7. Coal o e 6
6 Shales, clayey, variegated.............. ..., 20
5. Shales, bituminous ..... ............ ...... 2
4. Limestone, fragmentary... ................. 5
3. Shales, bluetogray..... ................... 6
2. Shales, carbonaceous........... ... ..., 2
1. Shales, blue, clayey, exposed. .. . ........ 5

One of the most important secticns of clay shales exposed in
the county may be viewed on the south bank of the Middle river,
akcat two miles southwest of Bevington. The indurated beds
expesed are as follows:

FERT
11. Limestone, weathered, clayey...... .......... ... 2
10. Shale, gray and drab in color ............... aens 2
9. Shale, yellowish-gray, grading inoto bituminous
below. . ... ..o 2Y
8 Coal, decomposed.........coviiiiiii i %
7. Fire clay more or less impure............... ..... 4
6. Shale, yellow to gray, sandy, somewhat ferrugin .us 12
5. Shale, red, siliceous, fissile......... .............. 3
4. Sandstone, micaceous ....... ... .. ..o 1
3. Shale,similartoNo. 6 ....... ... cciiiiriuian. 7
2. Shale, downtotheriver. ...................c..-.. 15
1. Coal .o e s 1%

Similar beds occur along Jones creek westward from Hawley.
At Winterset the shales are less important, limestone becoming
the most prominent member in the series and is extensively quar-
ried.

South of Patterson an exposure along a ravine in section 32,
northwest quarter of southeast quarter, in Crawford township,
yields the following section: -

29
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FEET. INCHES.

14. Shale, black ... .c..c0. 2
I13. Unexposed, prob;\bly shales.......... 21
12. Shale, blue, clayey above, gray, sandy
below ............ .. .l 16
11. Limestone, dense, drab fo; iliferous ...... 1
10. Shale, blue, clayey........ ... ... ... 3
9 Sandstone, gray...........ocviiiis i 5
8 Shale, clayey, blue and gray .... ......... 27
7. Sandstone, gray, nodular.......... ....... 1
6. Shale,sandy,drab............. ... .. .. 27
5 Limestone, arenaceous, gray, fossilifeious. 9
4. Shale, black . e e e 2
3. Shale, gray, clayey (only parlly exposed) .. 30
2. Coal . s 6
1. Shale, red (only pa.rtly exposed)........... 32

In addition to these sections, numerous other cuterops are visi-
ble, but the above are the best and are believed to be fairly repre-
centative of the lower (‘cal Measure series. 1t is cbvious from
a casnal inspeetion of the seetions that shale: ave in great pre-
dominance, and shales of the light colored, argillaceous type. The
beds are easily accessible and could be reached readily by the
cxtension of railway spurs. Yet no exploratory nor development
work Jias been done with a view to using the shale clays.

Shales are not so conspicucus in the upper Coal Mhasure por-
tion of the county. Beds accessible and of sufficient extent to be
nnpertant economically could be found, doubtless, if sought, but
no efforts have been nade in that direction.

Malaska County.—The Coal Measure beds underlie the snjier-
ficaal materials over nearly the whole ccunty and consist largely
cf shales. The larger streams uncover the indurated rocks and
render the shales accessihle. The scctions ave ohscared very large-
lv, however, by the glacial delwis. Tn the southwestern part of the
county, shaft No. 8 of the Consclidation (‘cal Company mayv he
considered a type section for the distriet. The shaft is located
on the divide between the Des Moines river and Muchakinock
creek, section 34, Des Moines tewnship. The section is as follows:
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FEET
8. Drift.......... e e e 18
7. Shale, gray, argillaceous ........ ... (... ... 32
6. Coal ............o.l e e e 1%
5. Sandstone .......... ... e 4
4. Shale, bituminous...... ... ... ..o ... 49
3. Coaliiaii i e 7
2. Fire clay grading into gray shale.... . .. .... . . 35
1. Limestone (Saint Louis) ......c.cocoeioe oot —_—

Usually the drift is so thick on the divides that open pit work
1s impossible; the shales could be developed only through min-
ing. Numerous outcrops along Muchakinock creek display a wide
assortment of shale clays, none of which have been utilized. The
only point in the county where the shales are utilized is at Oska-
loosa. The pit of the Oskalcosa Paving Brick Clompany shows
the following beds:

FEET.
5. Drift, largely altered loess with some gneiss pebbles
and a few large bowlders disseminated init.... 20
4. Shale, blue, makes a good brick but does not stand
the frost as well as the bottom clay ............ 10
3. Shale, very bituminons.............covvii L. 2

2. Coal, good quality, apparently the attenuated edge
of a four-foot seam formerly worked in the
southern slope of the same ridge .............. 1% to 2
1. Shale, gray, homogeneous except for thin lines of
coal and nccasional pyrite balls. Plant remains
abundant .......... e ... 30

Numbers 1 and 4 are blended and the resultant mixture, when
properly burned, yields a good quality of paving brick as well as
builders and face brick. The fire clay below the coal seam bhurns
a buff color, and when made into brick by the dry press process,
gives a superior face brick. Some experimental work has been
done in the manufacture of mottled face brick and floor tile, with
good sucecess. For ordinary builders, some of the loess may be
added without harm to the product. No analyses of the clay or
tests of the ware have been made.
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The Coal Measure shales appear west of town, one of the best
sections being exposed on an extension of Third street, about one-
half mile beyond the city limits. The following beds may be
here observed:

FEET
6. Soil. ... e e 2
5. Gravel, fine ....ovviei i e e 2
4. Clay, yellow, jointed .................. ... ...... 12
3. Shale, clayey. blue........... ...... ... ... 10
2. Coal oo e e 3
1. Fire clay, exposed..................... .. ... ... —_—

A number of years ago, numbers 3 and 4 were used in the man-
ufacture of common brick. Numiber 1 is used to a limited extent
at the present time at a small factory west of the old Guthrie
vard. The Coal Measure clay is mixed with the surface soil and
manufactured into common soft mud brick.

Most of the fire clays which accompany the principal coal
seams are of economic importance, and one or two were used to
some extent a few years ago in the manufacture of pottery. No
pottery is made within the limits of the county at present.

Marion County.—The Coal Measures cover the enfire county
with the exception of narrow: areas along the principal water-
ways in the eastern part of the county, where they have been
removed through: erosion. Shales and: clays are less predominant
here than in most of the Coal Measure counties. The ‘‘Red
Rock’” sandstone assumes considerable importance and gives
character to the topographic features along the Des Moines river.
Good shale sections are not common. Along Whitebreast creek
some of the most extensive outerops may be observed, but they
are far removed from railway lines at present. In the northeast
quarter of section 4, in Dallas township, the following beds occur:
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FEET. INCHES.,

11. Toessand drift..................cvuen.... 10
10. Shale, yellow, argillaceous................ 5

9. Shale, bituminous........................ 3

8. Coal, very soft............ .............. 1 2
7. Fireclay ... iaeiaa, 2 3
6. Coal coon 4
S. Fireclay.....ooooi il il 2 6
4. Sandstone, thinly laminated, white....... 1

3. Sandstone, massive, buff................. 4

2. Shale, gray, arenaceous.................. 3

1. Shale, bituminous (exposed).............. 10

Other exposures appear on Whitebreast ecreek. One of the best
occurs about four miles to the northeast, in the southeast quarter
of section 19, in Knoxville township. The section is as follows:

FEET. INCHES.

9. Clay, yellow, derived from decayed shale. 5
8. Shale, bituminous............ e e 5
7. Coal, verysoft........ e e 1 6
6 Fire clay, arenaceous, extremely hard,

much fractured and- filled with root

CASES v et et et nene e s 2
5. Sandstone, gray, thinly laminated above

and massivebelow.................... 12
4. Shale, arenaceous. .......vvvevueinean.... 1 4
3. Sandstone, gray, soft...... .............. 2 6
2. Shale, arenaceous .........c.ooueve cv 2oun 5 9
1. Sandstone, massive, buff to gray, irregu-

larly cross-bedded, exposed to water 25

Farther east and south, the sandstone members become much
more impottant, although certain beds of shale persist and doubt-
less are thick enough to merit consideration. Along Coal creek,
in Pleasant Grove township, the Coal Measures ave quite well
exposed ; the following section may be taken as a fair sample.
(Northwest quarter, northeast quarter of section 20.)

FEET.
8. Surface waste..... ..., il 5
7. Coal ... e 1%
6. Fireclay....... ... .2
5. Shale, light, argillaceous....... ......... ... ... .. 2%
4. Shale, drab, arenaceous. ..........vvvveeuruneennn. 514
3. Sandstone, gray, thinly laminated usually, massive
inplaces ......cooviiiin i 3
2. Shale, gray, arenfceous. ... ...oceevuruan coneonn. 3
1. Shale, bitumiuous, exposed to water............... 13
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A workable coal seam lies but a few feet below the stream bed.
Here, as in other coal counties, fire clays of workable thickness
accompany the coal seams and could be mined readily.

Monroe County.—The stratified shale clays of the Coal Mees-
ures cover almost the entire county, althongh they are only ex-
posed along the stream ways. The most accessible seetions appear
in the northieast half of the counly. Almost every ravine in the vi-
cinity of Buxton and Hiteman exhibits liberal sections.of argilla-
ceous beds above the water line and are not deeply covered by sur-
face materials. Shales appear lower in the valley walls along Coal
and Cedar creeks and their tributaries, and the streams drainicg
east from the divide. Many of the exposures are located directly
on railroad lines, or within easy reach of such lines. Near the
center of the northwest quarter of section 8, Pleasant townshin,
an excellent section of shale clays is exposed which may be con-
sidered fairly representative for the district. The sequence is as
follows:

FRET.
7. Drift,exposed................. .. ... ... i S
6. Shale, clayey....... . ... .. . .. 10
5. C0al ool o s e e .. 1
4, Clay . oo e . 2%
3. Sandstone...... ....... ... oo oo 3
2, Shale ... e e 35
D SR o - 3 4

‘With the exception of the drift, which contains considerable
calcareous matter, and the coal seams, the entire assemblage of
beds could be utilized. Here, as elsewhere, the drift has greatly
obscured natural sections, but svstematic prospecting would un-
doubtedly show the presence of an abundance of smitable mate-
rial near the railroads. In Bluff Creck township, at the point
where the Chicago & Northwestern railroad crosses the creek in
section 5, shale beds may be observed as follows:

FEET.
3. Shale ... e e s e 4
2, C0al . e e e 5
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PraTe XXI.

Section on Gray creek. Pleasant township, Monroe connty.
feet of shales are exposed here.

Mme thau fifty

5
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The drift at this point is of variatle thickness, usually not
great. Coal is easy of access, and could be produced cheaply for
burning the product. Nearly all of the ravines and small tribu-
taries in this vicinity exhibit clays and shales suitable for manu-
facturing purposes, and many of the exposures are easily accessi-
ble and could be developed cheaply. One of the prospect holes
put down by the Consolidation Coal Company gives a fair idea
of the wealtl of shales and clays available.

Tp. 73 N., R. XVI1 W., See. 17, Ne. qr., Ne. 1.

FERT
11. Drift and surface wash......... ... ..... ... ... 9
10. Clay, shale, unctuous ............. ..o v v, 16
9. Shale, black, somewhat bituminous .................. S
8. Coal. .... ........... A 1
7. Sandstone, friable. ...... ... ... 10
6. Shale, argillaceous..... e e i .. 79
5. Coal.......... e e e e 1%
4, Sandstone | ....u i 2%
3. ShaAle . 45
2. Shale, bituminous, bowldery .... .. ................. 6
1. Coal, impureabove ... ... ... .. ... ... i, 44

Tn Guilford township the Wagpello Coal Company has done con-
siderable prospecting with the core drill. On the upland the drift
is prevailingly thick, but ¢n the lowlands, or second bottom lands,
the drift has been removed in large part and the shales and clays
are within easy working range. A drill hole put down in the
northeast quarter of the southwest quarter of section 12 may he
considered typical for the vicinity. The sequence of beds pene-
trated is as follows:

FEET
12. Drift and surface wash......................... R 17
11. Shale, clayey ..... ... .. . 16
10, Coal. ..ot e e e e e 14
9. Fire clay, impure............... ... 7%
8. Sandstone . ..ot e e e 12
7. Shale, somewhat bituminous ...... ......... ..., 5%
6. Coale oot 3%
5. Sandstone. ............ P TR 5%
4. Shale, blue black .... ... ... ... ... 6
3 SandStONe. ... e 22
2. Shale, bituminous below. . ....... .. ... ... ... ..., 444
1 Coal ... i e 54
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- In the vicinity of Hocking, in Troy township, the Coal Meas-
ures are more arenaceous in character; at least, the arenaceous
beds predominate in the outerops exposed along the small streams.
West of Hocking, the outerops along Cedar creek paralleled by
the Chicago, Burlington and Quiney railway, aneg prevailingly are-
naceous in character, althongh accompanied by important shale
seams. In the eastern portion of the county, along Soap creek
and the Averies, shale crops are common, but no very extensive
beds are known. Most of the outerops are greatly obscured
by the heavy drift talus and vegetation. No systematic prospect-
ing has been done in the county for shales and clays, and no
serious attempt has been made toward their utilization. By far
the largest amount of clay wares consumed are imported, not-
withstanding the fact that Monroe county possesses unsurpassed
facilities in the way of an abundance of excellent raw materials
and cheap fuel.

Montgomery County.—Thick beds of Coal Measure shales are
known to exist over the northeast corner of the county, but ow-
ing to the thickness of the drift covering they are not very accessi-
ble. Their availability is seriously impaired, also, on account of
the absence of good railway facilities in that portion of the
county. The limestone members in the upper Coal Measures
here, as in other counties in southwestern ITowa, are quite strongly
developed, while the shales are much less important than in the
counties farther east. The shales which do occur are often. cal-
careous or carry caleareous concretions, both of which seriously
impair their usefulness for clay working. The section expesed
in the Fate quarry, at Stennett, gives a good idea of the upper
Coal Measures as they are developed in the county. The details
of 1he cection are shown in the accompanying figure and are as
foliows:
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Representative section of the upper Coal Measures as exposed at Stennett, Montgomery county, Iowa.
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FEET. INCHES.

10. Limestone, residual. ............... .... .... 5 6
9. Shale, calcareous................. .. ..l 6
8. Limestone, gray, fine-textured ......... .... 1 7
7. Shale, buff to gray, argillaceous.............. 3 4
6. Limestone, variable, earthy below ........... 5§
5. Clay, buff ... ... i e 1
4. Limestone, blue above, cherty......... ...... 6
3.8hale.......... oo 2
2 Limestone, variable. ............ .. ... ...... 5
1. Shale...... oo 1 6

Numbers 1 to 5 are not exposed in the figure. At Villisea the
limestone beds are less prominent. Just scuth of town the Vil
lisca Brick and Tile Company have opened a pit in which lime-
stones are absent. The section is as follows:

FEET.
5. Loess, yellow to brown or gray, jointed in upper part. 12
4. Sand, clean; thickness varies from one inch to ....... 2
3. Shale, argillaceous, dark gray to green in color ...... 4
2. Shale, argillaceous, light gray . ...................... 3
1. Shale, gray to light, rather finely siliceous............

Number 3 is of good quality ; number 2 contains thin shells and
erinoid stems in considerable abundance, but iy usable. Number
1 iz from twenty to sixty feet in thickness as determined by bor-
ings, but is imperfectly exposed at the pit. It can be used when
mingled with some of the beds above, but 1s too siliceous to be
used satisfactorily alone. This is the only point in the county
where the Coal Measure shales are being developed.

Muscatine County.—The Coal Measures occupy a. considerable
portion of Mentpelier, Sweetland and Bloomington, townships.
This basin extends into Scott county, following the great bend of
the Mississippi river. The series of beds as they are developed
in this basin are very variable. A thin seam of coal appears at
a number of points and is usually accompanied by an important
bed of fire clay which has been developed to some extent by the
local potteries at Fairpcrt. In section 30 of Sweetland town-
ship, the series is essentially made up of shales. The old Hoor
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coal bank in the east half of the section is reported to have
shown the following beds:

FEET
5. Shale, bluish, argillaceous ...... ........c.ciiniann. 10
1. Sandstone, rather compact................... ... ..., 2
3. C0al e e e e 3
2. Fire clay, soft, ray .......coouieriineneneennnnnnn 4
1. Concealed to the river................ ... .......... 30

Some of the clay used by the potteries is obtained from the
Illinois ¢ide. A portion is secured along Pine creek and from
a pit along a small stream north of Fairport. Only the com-
mouner variclies of pottery are attempted. The results are satis-
factdry, but operations are carried on on a small scale.

The Coal Measure shales present limited exposures at Musca-
tine. One of the best is known as the Powder House Clay Pit,
and is situated above the track about one-half mile east of the
river bridge. The sequence of beds is as follows:

FEET
4. Shale, hard, gray, impure. ..... ..... .. ... ... ... 2
3. Coal, decomposed, soft ............ ........... ..... 13
2. shale, dark gray, siliceous....... ................ .. 4
1. Shale, light gray, slightly sandy..................... 4

Number 1 has been nsed to some extent by the local potteries.
It hears some iron oxide in seaims, otherwise it is nearly free
from fmpurities. The drift rests unconformably upon the Coal
Meazures and is covered with loess. At Butlerville, about two
mniles northwest of Muscatine, an argillaceous shale appears. It
1s gray to blue in color, fairly plastice, but lacks ‘“body’’ and erip-
1les under high temperatures. It is reported about six feet in
thickness and rests on sandstone. It could doubtless be blended
with some of the surface clays and used satisfactorily in the
manufacture of hollow ware. A good section of shales was form-
erly developed at Montpelier. It is located about one-half wile
noiill of town. The sequence is as follows:
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FEET.
13. Drift, lime bearing......... ... ... .. ... oLl 3
12. Shale, light blue, darker below ........... .......... 10
11. Limestone, impure, ferruginous... .................. 3
10. Shale, impure, pyritiferous .......................... 3
9. Coal, sandy and pyritiferous .......... .... e 1%
8. Shale, finely siliceous, gray ................ ......... 17
7. Sandstone, fine-grained..................... ..., e 13
6. Shale, bituminous ....... ... it it ¥
5. Coal, rather pure ......... ... . . iieiiiiiiiiiiinin... 24
4 Shale, dark gray, in part impure .................. .. S
3. Shale, black .........c.. Lo il i s
2. Co0al o e 3
1. Sandstone. ... i e e 7%

The lower four members are not visible, but have been explored
by drilling. Number 12, only, has been used in clay manufactur-
ing. It is of good quality, fairly pure, containing occasional sul-
fur balls which could be readily removed. The other shale mem-
bers could be used by blending with number 12, but no attempts
have been made in that direction. The beds dip southeastward,
and at the present time the plant is not in operation.

- Page County.— With the exception of a few small and unde-
fined patches of Cretaceous sandstone, the rocks beneath the drift
belong to the Carboniferous system and to the upper Coal Meas-
ures, or Missourian stage. These strata consist of limestones
and shales, the shales predominating as to thickness, but the lime-
stone appearing in the greater number of exposures, owing to
their greater powers of resistance. The shales and limestones
found in Page county occupy a position fromi 500 to 600 feet
above the Bethany or Winterset limestones that lie at the base
of the upper Coal Measures. There are two limestone horizons
in the county, one represented by the exposures at Hawleyville
and Bradyville, and the other by the ledges outeropping in the
valley of the East Tarkio. These limestones are separated by
more than 100 feet of shale. Shales similar to these are manu-
factured on a large scale into paving and structural brick, at
Nebraska City, Nebraska, and they are used extensively in brick
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making at Villisea.
county. The shales above the Tarkio limestone are usually cal-
careous to marly and perhaps would not prove very satisfactory
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in the clay industries unless carefully selected.

The shales between the limestone are not well shown in the
.county, but an excellent section is exposed near Burlington June-
tion, in Missouri, from which a good idea of their nature and

thickness may be gained.

20.
19.
18.
17.
16.
15.
14.
13.

12,

11.
10.

[,

— DN Ly

The colors in the above section have been modified somewhat
by weathering, the yellows would be replaced, doubtless by grays
and blues in protected sections.

Shale, blue ........ ...
Shale, yellowish-green, calcareous ..........
Shale, marly, concretionary.................
Shale, bluish-green, not calcareous .. ......
Shale, yellowish, calcareous, concretionary .
Shale, greenish-blue ........................
Sandstone, calcareous, ferruginous .........
Shale, sandy, with septarian nodules in the

Upper part.......oii i
Limestone, impure, with obscure impressions

of fossils.. ... i
Shale, sandy ........ ... .. il
Limestone, impure, in thin bands alternating

with sandy shale which carries septarian

nodules near the bottom, fossiliferous ...
Shale, gray..... ... ... o

. Thin layer showing cone-in-cone at top and

bottom, structureless in the middle....

. Shale, gray with occasional large septarian

nodules .......... . ..

. Calcareous band, fossiliferous...............
. Shale, dark, with some calcareous bands, fos-

siliferous near top, down to level of water
inriver ....... ...

. Shale, below level of river ..................
L Cap-rock L.
. Shale ... ...

limestcne are not well shown in the county.

They have not yet been developed in the

FEET.

10

10

The shales above the Tarkio
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Polk County.—Polk county is centrally lccated in the lower
Coal Measure distriet of the state, and in this county the shales
have received mest attention.  Des Moines, located south of the
center of the county, is the greatest clay manufacturing city in
the state, and one cf the greatest west of the Mississippi river,
and bids fair to hold her well earned premiership as a clay work-
ing center. The industry ix vet scarcely past its infancy. The
presence, in the immediate vieinity, of almost inexhanstible quan-
tities of clays and shales, with countless possibilities as to manu-
factured products, and easily accessible, with ccal at hand, un-
rivaled transportation faeilities, and ever increasing demand for
clay goods, the industry may confidently be expected to make
rapid progress until it becomes the leading manufacturing indus-
try iu the city. The generalized section of the Coal Measures for
Des Meines, according to Bain,” is as follows:

FEET. INCHES,

18. Variegated clay shales .. e ... 13
17. Limestone, blue, nodular weathermg brown
fossiliferous ......... ... ... ... 0 8
16. Shales, variegated................ ... ..... )
15. Shales, bituminous, with calcarecu: con-
) cretionary masses below, fossil bearing. 3
14. Coal.... ... . Lo e 2
13. Shale, light vellow and drab ... .......... 7
12. Clay shale, variegated..................... 4
1. Limestone............ coiiivinn oo, 0 8
10. Shales, varlegated clayey ................. 4
9. Limestone, nodular,earthy, passing in places
into marl, highly fossiliterous.......... 6
8. Clay shale, light colored.................. 5
7. Sandstone, soft, micaceous, becoming in
places an arenaceous shale............. 20

6. Shale, clayey, gray, yellow and red in color 8

5 Sandstone, gravish, soft ..... .. ... ... 4
Coal, impure, divided in places into three
thin seams, which vary considerably

in thickmess................. ... ... .. 2

3. Shale, light gray, fissile............ 5
2. Shale, light to dark gray, micaceous below

bituminous above ... ............... 6

1. Shale, white, siliccous .................... 10

G 'Jn;.:y of Polk county, Geology of Iowa, Vol. VII, pp. 292 and 293.
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Numbers 1 {o 7, inclusive, are shown at the pit of the Towa Pipe
and Tile Company, east of the river; numbers 7 to 12 are exposed
at the south end of Capitol Hill; numbers 12 to 18 are shown in
street cuttings and clay pits in the northwestern portion of the
city. It is obvious from the above sections that the shales greatly
predominate. They vary greatly in composition, texture and
adaptabilities. They are used for the manufacture of the various
grades of building and paving brick, sewer pipe, conduits and
drain tile, and have been used for common pottery. Certain
seams are believed to possess the requisite properties to adapt
them to the manufacture of terra cotta, mottled and fancy brick,
floor tile and enameled ware. The shale clays have been devel-
oped at numerous points in and about the city of Des Moines,
and the great variety of shades and grades, with their adapta-
bilities, can best be brought out by a censideration of the indi-
vidual pits. At no other place in the state have the clays and
their mamufactured products been so theoroughly studied and
tested. -

The Des Mownes Brick Manufacturing Company.—This com-
pany was the pioneer in the paving brick industry of Des Moines
and the state. At one time it was the most extensive plant in the
state, but in 1899 a fire destroyed the principal buildings, which
have never been restored, and the plant has been dismantled.
The clay pit section is included here because it is believed that
the beds are available further west, and because elaborate tests
have been made of the raw materials. The pit is located along
the tracks of the Chicago, Reck Tsland and Pacific railway and
the Spirit Lake branch of the Chicago, Milwaukee and St. Paul,
and shows the following heds vuder a thin veneer of drift:

FEET.
8. Clay, variegated, highly refractory, burning to a

brick of medium toughness, high porosity and
low breaking srrength; thickness, three to
eight feet, average ...........cciiiinennnnn.. 5
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FEET.

Shale, streaked in color, medium ({usibility, high
in iron and fluxes; buras to a brick of medium
toughness, medium porosity and low resistance
to rupture; thickness, three to eight feet,
AV . vt ot ettt et e

Shale, solid chocolate, brown color, clear definition;
brick show medium toughness, low porosity
and high modulus of rupture .................

Shale, solid color, clear to poor definition, an aver-
age clay with medium iron and fluxes, lower
than the clays above; bricks show low tough-
ness, low porosity, high modulus of rupture...

Shale, variegated clear to poor definition, low in iron
and fluxes, high alumina, bricks show medium
toughuess, low absorption, high modulus of
TUPLUTE « ottt it e e e et en e eenns

Shale, sacdy, solid color; bricks show low tough-
ness, low absorption, medium modulus of
TUDLUTE .+ et ttea e ettt iaeeiaae cnens

Shale, sandy, clear definition, solid color, granu-
lated texture, pulverizes in the hand..........

Shale, gray, clear definition, easily fused; brick
good toughness, high porosity, low modulus of

10

4 .. 20 to 25
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section was analvzed by C. O. Bates,

Chemist. The results are given below:
8 7 6 5 4 3 2 1

Silica. e 70.29 59.18 64 60 64 41 63 23 76.01 67 76 55 55
Alumina. ............... 15.18 21.63 19.20 20.43 24.52 11.9¢ 14.46 21.33
Combined water........ 2.18 3.80 3.96 3.93 2.55 1.41 3.53 4.65

Clay and sand...... 87.65 84.61 87.75 88.77 90.30 89.36 85.75 81.54
Oxide of iron........... 7.32 9.00 768 588 528 540 8.52 10.56
Lime....ooovoiee ooens. 0.80 1.06 1.02 0.3¢ 0.32 1.57 1.16 1.59
Magnesia............... 1.72 1.85 137 1.71 099 104 2.36 2.¢%4
Soda and potash........ 149 152 125 1.9 1.16 1.80 1.24 238

Total......oovunr... 11.33 13.43 11.32 7.83 7.75 9.81 1328 17.47
MoiSture. ......ovvuen. .. 1.02 1.95 092 1.27 1.75 0.65 0.67 0.97

Total.......c..o. ... 100.00 99.99 100.01 98.77 99 80 99.82 99.70 99.98

For the entire assemnblage the clay and sand aggregates 85.67
per cent and the fluxes 13.22 per cent, a blend which, when the

mixing had been thoroughly done, yielded a good quality of pav-

30
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ing brick. The bricks were thoroughly tested and gave excellent
satisfaction. As they are no longer on the market, the results of
the tests are omitted. The plant was equipped throughout with
up to date machinery and was the only plant in the state to mmake
use of the steam shovel in mining and loading the clay.

On the east side of the river, in Oak Park, the Flint Brick Com-
pany is operating an extensive plant which was established in
1893. The company mine their own coal from a nearby shaft.
The product is shipped over the Flint Valley line of the street
raillway cr hanled by teamn to the varvious parts of the city. 'The
old pit scction operated wp to 1902 1s as follows:

FEET. INCHES.

12, Bowlderclayupto................... ..., 15
11. Shale vari-colored, the lower portion is of the
patureof a fire clay................. ... 8
10. Shale, buff to gray, gritty.................. 6
9. Limestone, impure..... .................. 0 6
8. Shale, red and bluish-gray, laminated...... 6
7. $Shale, brick red in color, clean, unctuous. . 4
6. Shale, lightgray .......... ... ... ... 0 4
5. Shale, crumbly, gray .............. oL 1 6
4., Shale, blue..........i e i 28
‘ 3. Shale, bituminous ............. ... 0 8
2. Coal, soft ‘‘pockety’...... ... . ... ... ... 1
1. Fireclay......ocoin o 1

The section above number 4 is fully exposed in the pit. The
lower numbers were encountered in sinking the shaft. In work-
ing the pit nmmbers 9 and 12 were wasted. The new pit opened
just ncrth of the wagon road which leads down to the plant, does
nct shew the limestene ledge, as the beds dip slightly to the south
and the diift is mueh thinner, ranging from zeve uy: to three ov
foar fect. '"he heds fromi 4 to 2, inclusive, are usced without
waste. Chemical analyses of the raw materials used give the fol.

lowing results:
tesl



PoaTe XXIII. Present pit of the Flint Brick Compauny, Des Moines, Towa, About fitty feet of shales are exposed.
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. Bottom Clay., Middle Clay. Top Clay. Green Brick.
Silica......... .. 67.50 61 22 67.15 63 75

Alumina ........ 15.75 21.12 15.47 19 78
Combined water. 3 22 33.75 4.37 2.92

Clay and sand 86.47 116.09 56.99 86 45
Iron oxide ..... 4.80 5.28 2 88 575
Lime...... 2.57 1¢0 317 1.55
Magnesia.... .... 1.57 1.44 2.72 1 22
Potash .......... 0.95 0.63 0.24 0.54
Soda ............ 1.56 0.89 0.58 1.20

Total Huxes. . 10.45 10.04 9.59 10.26

Moisture, sulfur
trioxide,carbon
dioxide ....... 2.88 3.78 329 3.88

Clay substance.......... 52.85 59.12 53.79 61.57
Feldspar................ 15.80 25.32 8.76 13.47
Quartz.................. 25.99 9.59 33.31 20.53
Calcium sulfate ..... ‘L

Magnesium sulfate. .. 5.36 5.97 4.41 4.43

Calcium carbonate... J

1060.00 100.00 100.00 100.00

The green brick was taken as it came from the brick machine,
and is supposed to represent the blend produced in actual prac-
tice from the various beds exposed in the pit. The mixture
shrinks moderately in drying and burning and but small loss
is sustained in either the drier or the kiln. The ware burns to a
blue-black and produces a high grade paver. The finished pro-
duct has been subjected to an elaborate series of tests, the results
of which will be found in a later chapter. The plant is equipped
with modern machinery thronghout and is one of the largest pro-
ducers of paving brick in the state. Building brick are also
made to a limited extent.

Across the river from the Flint plant are the works of the Towa
Brick Company, which were installed about ten years ago. The
pit worked until 1993 was as follows:



PraTe XXIV. Plant of the Flint Brick Company, Des Moines, Iowa.
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F1c. 52. Pit of the Iowa Brick Company, Des Moines, Iowa.

FEET.
3. Shale, variegated, reddish-brown, mahogany reds,
yellowish,'bluish-drab, dark gray almost black,

the colors mottled parallel tobeds............. 6

7. Shale, sandy, light yellowish-white, solid color..... 6
6. Shale, slightly sandy at top, pale blue streaked

with chocolate brown................ N 5

5. Shale, clear chocolate brown...................... 4
4, Shale, granular, dark solid drab with purple

nodules ........ . e 3

3. Shale, bluish-drab .......... ... ... .. .. ... .. .... 6
2. Shale, streaks of birownish-drab and greenish to

chocolate brown; stratification well defined.... 6

1. Shale, clear dark drab, with olive green tinge..... 2

The diversity of the shales is emphasized when the chemical
analyses ave inspected.  As the pit was worked back into the blnff



THE COAL MEASURES. 471

the drift covering thickened greatly and stripping became so
expensive that a new pit was opened west of the wagon road.
The beds being developed at the present {ime are similar to those
in the old pit and less expense is involved in wasting away the
surface materials. The results of the analvses of heds 2 to 7,
inclusive, are given below:

F1G. 53. A portion of the plant of the Iowa Brick Comapany showing multiple stack kilns in the

foreground and the machinery buildings in the background.

2 3 4 5 6 7

Silica.... ..... 61.59 67.40 60.43 56.29 65.22 73.43
Alumina. ...... 21.0t 16.68 20.43 21.97 19.22 11.94
Combined water 4.51 1 44 6.82 3.59 2 66 4.33
Clay and sand.. 86.81 85.52 87.68 8183 §&7.10 89.70
Iron oxide..... 4.79 4.31 1.91 8.63 335 3.83
Lime .......... 3.58 3.17 6.59 3.17 2.69 1.00
Maguesia...... 2,16 1.42 187 1.34 1.44 0.86
Potash......... 0.52 0.35 0.21 0.60 0.59 0.05
Soda .......... 1.13 1.38 0.90 1.48 1.59 0.95

Total fluxes 12.18 10.64¢ 11.48 15.22 9.96 6.69
Moisture ....... 042 0.25 .89 0.83 0.39 0.63
Sulfur trioxide 095 1.00 0.45 1.15 1.80 1.65
Carbon dioxide 2.99 1.58 1.58 0.90
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RATIONAL ANALYSES.

2 3 4 5 6 7
Clay substance........ 56.79 31.00 60.70 70.66 49.30 41.47
Feldspar............... 21.96 32.77 2.33 3.95 13.09 3.24
Quartz........... ..... 19.63 30.56 :6.97 21.79 34.01 55.29
Calcium sulfate 1
Calcium carbonate - 1.62  5.67 3.60 3.60

Magnesium carbonate J

Fra. 54. Represses used by the old Iowa Brick plant, Des Moines, Iowa.

In the analyses where no carben dioxide is given a scparate
determination was not made and the carben dioxide is included
in the loss en ignition. Tn the vaticnal analyses where the sulfates
and carhcnates ave not given separately, they are included in
clay substance.  Paving brick, ccimmon builders and hollow
ware ate the chief produets. The company formerly turned ont
a small amcunt ol terra cotta, which is of intevest now as a den-
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onstration that certain of the clay seams could be used success-
fully in that line of work.

Southwest of the city, scuth of the Raccocn river, the shales
are being developed extensively by the Barber Asphalt Company,
successors to the (apitel City Brick and Pipe Company, and the
Merrill Brick Company. The Barber plant is lccated on the
Chicago and Great Western and the Keokuk and Western rail-
ways. The pit, below the glacial debris, shows the following
shale series.

FEET.
7. Shale, medium light drab with slight seams of rust,

plastic, very slightly gritty.................... 7
6. Shale, mottled and streaked, maroon to sea green,

greenish and purplish-brown rust in seams. ... 41
5. Shale, medium dark bluish-drab, clean............ 7 -
4. Fire cléy, impure, mottled purplish-blue, dark gray,

slight rust inseams........ ... ... ... ..., 4
3. Shale, soapy, but containing some grit, clear green-

ish-drab..............oooo o oo Lo Ll 15
2. Shale, very dark, greenish-gray with slight seams of

rust. ... ..oiiioe 1S 13
1. Shale, clear blue, sandy.............. voiiiin.. 10

It is evident, on a casual inspection of the above section, that
the clays south of the city show an even greater diversity than
those to the north. The analyses of the leading types of clays in
the pit gave the following results:

1 3 4 5 6&7 X
Silica.......... 51.16 57.64 69.40 62.22 67.46 58.56
Alumina....... 22.26 16.22 16.39 17.90 17.89 22.33

Combined water 7.15 7.43 5.75 . 5.02 4.04 7.11

Clay and sand.. 80.57 81.29 91.54 &5.14 89.39 88.00

Iron oxide ..... 11.20 10.32 3.36 5 52 5.12 2.87
Lime........... 1.29 1.78 0.81 1.58 0.75 3.60
Magnesia ..... 1.94 1.58 0 42 1.55 1.72 1.44
Potash......... 2.92 2.17 104 2.81 1.09 0.29
Soda........... 0 87 12.41 0.54 2.76 1 87 1.08

Total fluxes.... 18.22 18 26 6.17 14.22 10.55 9.28

Sulfur trioxide. .51 0.49 2.37 .64 0.40 2 98

Moisture .......
} !
Carbon dioxide



PLATE XXV. A modern rotary cutting table used by the Iowa Brick Company, Des Moines, Iowa.
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RATIONAL ANALYSIS.

Clay substance 51.53 44.49 44.12 39.79 38.00 64.45
Feldspar....... 4.42 9.54 8.57 9.72  11.19 4 38
Quartz......... 44 .05 45.97 47.31 £0.49 50.8L 31.17

100.00 100.€0 100.00 100.00 100 00 100 00

In the analyses the carbon dioxide is included in the loss on
ignition and the caleium and magnesium sulfates and cavhonates
are included under clay substance in the rational analyses., Pav-
ing brick, common builders and drain tile are the chiei manufac-
tured products.

F1Ga. 55. Pit of the Merrill Brick Company, Des Moines, Iowa.

The shales hecome less constant to the southwest, and a thin
section of coal and a band of bituminous shale appear. The pit
cf the Merrill brick plant, located about one-half mile to the south-
west of the Barber, shows the following section:
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FEET

7. S0il and 10€SS ..o oot s s s 3

6. Shale, bituminous . ... e 8

5. Shale, blue to gray and buff 4
4, Shale, red-brown, more or less variegated, containing

iron stone concretions........... ... PR e 20

3. Shale, blue to gray ... 6

2. Coal ... e e e e e 1%

1. Shale, Hght @ray . s e i 7

All of the material in the pit, except the ccal and bituminous
shale, 1s used in the manufacture of commen builders and paving
brick.

T1G. 56. A portion of the plant of the Merrill Brick Company, Des Moires, Iowa.

The Coal Measure outerops around the bhase of Capitol Hill
present a decidedly avenaceocus facies which 1enders them unde-
sirable for clay working. At the south end ¢l the hill some
twentv-five fcet of Drregularly hodded sandstone apypcar ahove
the railway tracks. Nerthward aleng the viver, the beds rvise
slewly and an excellent scetion may be viewed in the pit of the
Towa Pipe and Tile Company, which is given herewith:
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FEET.
9. Shale, argillaceous, yellow.....ce. . i . . 20
8. Shale, clayey, gray, yellow and red................... e 8
7. Sandstone, gray, SOft......... oo e 4
6. Shale, black, in part clayey.. ... oo, R 14
5. Sandstone, Zray. ... e, e RO 4
4. Coal, impure, shaly. ... e 14
3. Shale, light gray.. ... . i s 5
2, Shale, light gray to dark.. ... v 6
1. Shale, white, siliceous ........... et e e 10

Sewer pipe and drain tile cnly are produced. Sowe difficulty
Is experienced in securing a good salt glaze, owing to the gvpse-
ous character of the clays.

The Towa Pipe and Tile Company has opened a second plant
about a quarter of a mile below the Flint plant. The shales used
are clesely similar to those developed in the pit of the F'lint Brick
Company. Drain tile, hollow hlock and commion brick constitute
the manufactured produets.

Several other plants in and about Des Moines are unsing the
shale clays in part or wholly, the most immportamt being the Shack-
elford yard in North Des Moines, the Dale Brick Company in
southeast Des Moines and the Newman Brick Cewpany just out-
side the ccrporate limits, near Hastie.

The beds developed show no new phases of especial iimpor-
tance. The Pixley Conduit Company is cperating a plant in
South Des Moines.

Outside of the city the Coal Measure shales have been little
used, although they are available at a nmnber of points. At Al-
toona, the waste from a local coal mine was used formerly by
mixing with surface material, which has later been abandoned.
The Polk City Tile Works, at Polk City, uses shales whicl are
hauled from a pit near the Des Moines river.

Poweshiek Covnty—Owing to the great thickness of drift and
the fact that the streams have done little work in cutting, expos-
ures of indurated rocks are rare. The Coal Measure shales show



Plant of the Des Moines Brick and Tile Compauny, Des Moines, Jowa

PrLaTeE XXVI,
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somewhat obscure sections in Union and Sugar Creek townships,
Even here lieds which are accessible are not common. Near the
old Petit mine workable shales are expesed. Some twenty-five
feet of clay shales somewhat variable in character could he used
in the manufacture of clay wares. No attempts have Leen made
toward their utilization.

Pr1g. 57. Clay pit of the Davenport Brick and Paving Company, Buffalo, Iowa.

Scott County.—A number of Coal Measure cutliers ceeur here
which appear to belong to the Illinois coal field, but have been
separated but recently by the narvow valley of the Mississippt
river. The most extensive tract covers mest of Buffale township,
in the southwiestern part cf the county, and semetimes about an
equal distance into Muscatine cecunty. The Davenport Brick and
Paving Company are developing the shales at Buffalo. The pit
shows the following huds:
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FEET

8. LL0ESS oot i e e s e e+ e 7

7. Bowlder clay, red, brownish-red .. e 5
6. Shale, weathered gray and ochrcous }ellow readlly
disintegrating, joints and seams and spaces be-

tween laminae filled with ochreous accumulations.. 5

5. Shale, black, finely laminated ... ... ... ... 12

4. Shale, gray ... . i 3
3. Shale, dark drab and black, brlttle fine- qramed con-

taining ferruginous nodules and nodularlayers..... 42

2. Shale, gray, disclosed in shaft below bottom of pit..... 26

Fra. 58. Plant of the Davenport Brick and Paving Company, Buffalo, Iowa.

Conunon builders, paving brick, sidewalk and yellow ware con-
stitute the manufactured products.

The next largest area in the county is situated ahout two miles
southwest of LeClaire, directly on the river. At Island City the
LeClaire Brick and Tile Company are using the shales in the
manufacture ¢f common hrick and drain ftile. The pit section
is as follows:
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FEET.

7. Loess and drift, variable in thickness. ... .. o

6. Cannel coal.......... e e e s e, 2
5. Potter’s clay . .. o U e 4
4. Coal o e e 1
3. Fireclay.. ... . SO - YT 4
2. Shale, @ray ... e SEE. e e 2
1. Shale, blue-black, to bottom of pit.. ... ... 20

F16. 59. Plant of the Le Claire Brick and Tile Company, Island City, [owa.

Well borings in the immediate vicinity demnonstrate that the
shales continue down more than one hundred feet below the hot-
tom of the pit, but nc attempt has been made to utilize themn.

Story County.—The county lies within the recognized limits
of the Coal Measures, hut owing to the great thickness of the
glacial debris and! the slight cutting of streams, shale exposures
are comparatively rare. Pits have been opened and are being de-
veloped near Maxwell, Nevada and Reland. Shale cuterops along
the Skunk river, near Story City, were formerly utilized to a
limited extent. The y:it at Maxwell is located about one mile east
of town and shows the following beds:

31
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FEET.

4. Drift, weathered above, but calcareous below.. . ... 6
3. Shale, gray, slightly arenaceous 8
2. Shale, variegated, much iron-stained along the joint

and bedding planes; a limonitic, concretionary

layer occurs about two feet from the base; iron

concretions are common throughout ................. . 7
1. SandstOme ..o i Exposed

Common huilding brick and hollow ware are the chief manu-
factuved preducts.  Along the west biench of Indian creek the
Cloal Measure shales come ncar the surface in the vieinity of
Nevada. Abhcut one mile wesi of town they ave heing developed
by Mr. S M, MckHose. The pit shows the following seetion :

FEET.
7. Drift, bowldery, calcareous ... ... oo ceiee e e e, 5
6. Shale, blue, variegated; containing much ferruginous
staining along the joint planes and known as
Cealico Clay’ i e e, 12
5. Sandstone, GrAY .. o oo ot s ceeiaen e 4
4. Shale, gray-blue, jointed; containing some concretion-
ary matter. ... i 3
3. Shale, carbonaceous ........cccoeo.... e et e 3
2. Fire clay. o o e e e 2
1. Shale, jointed, highly ferruginous; exposed ... ..... .2

Commen structural briek and drain tile are the chief produets,
although satisfactory paving brick and sidewalk bloek are made
in varving quantities. With the exception of numnbers 5 and 7,
the cntive section can be utilized. Sufficient iron is present to
give a goed celor.

At Relana about eight feet of shales, light gray above and dark
below, are available and are usually mixed with surface wash.
Only the conmien waves are manufactured.

Taylor County.—-The upper Coal Measures are supposed to
form  the superficial indurated rvecks cver the entire county.
They comprise heds of hard limestcne, bitumincus and clay
shales.  Hxposurex of any note ave practically limited to the
western tier of townships, along the Kast Nodaway and West
Fork rivers and their immediate tributaries. Coal has heen
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mined for some yvears along the Kast Nodaway, first by drifts
and later by shafts. The shales and clays accompanying the coal
seams arc suitable Tor the manufacture of the common clay wares.
They could net he werked exteusively save by mining. None
have been used up to this time.

Unioi County.—The upper Coal Measures extend over the
entire county. Outerops are rare save in the southeast quarter of
the county. Along Grand river, below Aften Junetion, =cctions
showing shales and limestenes arve nct unconunon, the former
beds predeminating. Scme of the clay shales carry considerable
calcarecus matter, hut many of the heds are pure enough, doubt-
less, for the common clay wares. No attempts have been made
to develcp them.

Van Buren County.—The Coal Measures present mumerous
outcrcps along the Des Moines river and its tributaries, hut have
Leen buf little developed. They consist essentially of various
colorved shales, with occasional thin seams of ccal and friable
sandstcne. Ahout cne mile northeast of Douds Staticn, in, Vil-
lage township, the Findlay mine section is as follows:

FEET.
12, Concealed. ...t i s e e 20
11. Shale, blue, argillaceous . ... oo viiviiiceeis e 10
10, Coal i e e e e +
9. Shale, arenaceous, filled with plant remains ... ...... 1
8. 0L i e e e %
7. Shale, becoming more argillaceous below ... ........ 3
B, C0al e 4
5. Sandstone, filled with plant remains ....cccocooees e 1
4 FIre Clay oo e e e 1to 2
3. Shale, black, fissile above, more compact below
and filled with clay-ironstone concretions.. ........ 4to5
2. Coal, sometimes partially cut out by the nodular
MASSES ADOVE ... i e e 3to4
1. Fire clay . e e, 2

The beds are quite variable, the coal scams often not appearing,
The ccal hovizons are usually accompanied by beds of five clay,
some of which are suitable for the manufacture of potterv and
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have been used tc a limited extent {for that purpese, as at Vernom
and Favmingten.

Wapello County.—The Coal Measures cover practically the
entire county. The Saint Louis limestcne appears along the Des
Moines river and its humediate tributaries {rom Ottmmwa to the
northwest corner of the county, and the river has uncovercd a
small tract in the southeast corner. Representative shale sec-
ticns may be viewed at numerous points, but have been devel-
oped only at Ottuwinwa. Along Bear creek, about two miles west
of the city, near the Kansas City divisicn of the Chicage, Mil-
waukee & Saint Paul railway, the following beds may bhe ob-

served:
FEET
15, Drilt o e e 20
14, Shale, argillaceous, gray, sandy in upper part 20

13. Shale, black carbonaceous, fissile. .. 3
12, Sandstone ........................................... 3
11. Shale, gray, aryillaceous ... ... 2
10. Shale, black, fissile, carbinaceous ... ... ... 5
1
1
5
6

9. Coal, impure and bony, pyritic ..o coees
Fire clay, filled with plant remains .......... ...
Shale, gray, argillaceous......coooie + v w0 v
Shale, black ..
Sandstone ....... .
Shale, black ... 4
Coal, bony, impure. ...t s e e e 1%
Shale, black, carbonaceous, fissile, rlch in plant re-
mains . 3
1. Shale, gray, arglllaceous exposed to creek .............. 20

N Lo YN

In the above section the coal seams, sandstone layers and drifi
could not be used, and perhaps some of the hituminous shales
would need to be rejected. 'The gray shales would undoubtedly
yield a good grade of clay ware and are present in sufficient quan-
tities to permit the safe use of much of the bituminous material
wlich could not be used alone.

Near the limits of the city, to the northwest, the Ottumwa
Brick and Construetion Company have been in successful opera-
tion for a number of vears. Their pit section is as follows:
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¥1ag. 60.

12,
11.
10,

N WY N0 ©

Pit of the Ottumwa Brick and Construction Company, Ottumwa, Iowa.

FEET.
DITIE o et et e et e er e e e e 3
Shale, argillaceous, gray. ... .. o 20
Shale, black ..o i e e e .4 to 10
Coal ot e i R e e 1
Fire Clay .o oo e e 1
Sandstone, argillaceous..... ... s o R S5to 7
Shale, black, fissile ... e e 2
Sandstone, argillaceous, gray, insingle ledge ... 4
Shale, gray argillacecus. ... s o 4
Shale, black ..o o et e s e 1
C0aliii e e e s e e 3to 4
Fire clay... o o e ¢ e e 6to 8

The beds are exceedingly variable when traced laterally. All

are used in the manufacture of clay wares save the ccal seam,

number 2, which has been used for fuel.

The green hriek hold

their shape well in the drier and in the kiln, and vitrify with diffi-

culty when numbers 5 and 7 are used. A good grade of vitrified

preducts can be made frem the gray, argillaceous shales.

Com-

men brick and hellow ware are suecessfully burned in a Dunn
compartment continuwous kiln.
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PraTe XXVII, A portion of the plant of the Ottumwa Brick and Construction Company, Ottumwa, [owa,
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About two miles southeast of Ottumwa on Sugar creek, near
the bridge of the Chicago, Burlington and Quiney railway, the
fcllowing section may be viewed:

FEET
9. Sandstone....... . e e e 10
8. Shale, black fissile ... . ... 12
7. Coal i e e 2
6. Fire clay .. i e 3
5. Coal ... ... e e e e e, 2to 4
4. Fire clay and argillaceous shale ................ .10 to 12
3. Shale, black. ... e . . 15 to 20
2. Obscured, probably shale..... ... ... .. ... 8 to 10
1. Saint Louis limestone exposed in creek bottom 4

All of the heds above number 1 with the exception of the coal
seants and a pertion of number 9 could be used doubtless in the
manufacture ct clay gocds. The coal seams afford an abundance
cf fuel.

Fig. 6l. Compartment continuous kiln, modified “'Dunn” pattern; Ottumwa Brick and Con-
struetion Company, Ottumwa, [owa.
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Recently considerable exp:loratory work has been done about
one and one-half miles northeast of the city along the head waters
of Sugar creck. One of the most Important test pits reveals
the following section:

FEET
7. Drift and surface wash; the lower portion
charged with pebbles and bowlders........... 0 to 10
6. Shale clay, vellow and clayey where weathered,
gray where protected ... ... ... 6
5. Coal, soft, Impure.... ... i ' )
4. Shale, dark, bluish-black, argillaceous.......... Ok
3. Shale clay, light colored, a putty clay when
weathered ... ..o s 5
2, Coal, bony B
1. Shale, compact, light gray, exposed....... 3

F1g. 62. Modified Dunn continuous kiln in process of construction; Ottumwa Brick and Con-
struction Company, Ottumwa, lowa.

With the exception of the thin coal seams and the drift the
entire veetion could be utilized and a linge variety of waves could
he produced. The shales show considerable variations in the
numcrous cutercps exposed within a radins of a few hundred
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vards. Two hundred vards east of the pit deseribed, fifteen feet
of gray shale ave visible along a sharp gully. This shale quite
clesely resembles nmuber 1 in the section but is mere siliceous.
Below are appended the analyses of numbers 1, 3, 4 and 6 in
the sectien and a samyple fiom the gully mentioned whicl is given
as sample x.

1 3 4 6 2

Silica o 58.84 53.86 49.00 55.00 £5.87
Alumina ... ............ 21.70 26 28 29 31 24 .63 23.79
Combined water ....... .. 6.95 8.06 10 38 5.36 4 87

Clay and sand ... .. 87.49 88.20 88 69 84.99 84 53
Iron oxide ... ............ 5.16 4.32 4.56 7 92 9 36
Lime .o .91 .12 .57 .82 .46
Magnesia ... ... . .67 .43 .24 71 .86
Potash ... ... ... 1.90 2.52 1.22 1.82 152
Soda i e 2.45 .43 €7 .98 1.06

Total fluxes..... . 11.09 7.82 7.26 12.25 13.26
Moisture ..o e .34 3.02 3.25 2.49 1.85
Sulfur trioxide ............ .45 1.22 .94 .16 .35

RATIONAL ANALYSES.

Clay substance ....... ... 50.20 58.64 51.46 41 20 45.36
Feldspar.....ccocoieee. .. 23.58 6.27 6.32 14.19 12 73
Quartz ..o, 26.22 35.09 42 .22 44.61 41.91

Total .o, 100.00 100.00 100.00 100.00 100.00

Sample nmuber 1 is highly plastic, burns a light buff color and
1s comparatively free from immpurities and would undoubterly
give excellent service as a potter’s clay. It shows moderate
shrinkage and could be used to advantage in the manufacture
of face brick and fanex chapes. Nuwmber 3 buns a grayv buff,
while numbers 6 and x burn a deep ved and vitrify easily. A
mixture of all burns a deep ied at a modervate temperature and
readily takes on the blue-black hue at the peint of vifrification,
the ecclor so wmuch prized by manufacturers of paving hrick.
Actual kiln tests were. made by the Barber Asphalt Company
of Des Moines aud gave excellent results.
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Shales are exposed at nmnerous points in other portions of
the county, but ne attempt has heen made tc exploit them with
the excepticn of small guantities of five clay mined at some of
the coal mines.

Wearren Cownty.—Warren county lics whelly within the Coal
Measuies and is deeply trenched by numerous streawways, thus
expesing manyv sceticns.  Shales, argillaceous te avenaceous,
constitute the predcminant tyye of rocks. Occasional thin bands
of lhmestene and tiicker beds of fiiable sandstone appear.
Many of the cutevous ave too far away from established lines
cf 1ailway te he available at present for the shipping trade.
The secticns given helow may he considered representative and
dc uot in any way exhaust the possibilities.

RICHMOND TOWNSHIR, SEC. 24, S. W. QR. NE. 1,.

FEET.
3 DLt e e e et 12
2. Shale, clayey to sandy, thinner banded above,
heavier below......ccceccoooe. et et e 32
1. Sandstone, red, heavy, cross-bedded, with pyritic
conerelions exXPOSed... oo ioieices e e e e 14

Ou the same sida of the viver, about cne mile south of the
ahicve expesure, cn section 25, the beds are as follows:

FEET.
5. Drift, variable in thickness.
2. Shale, bluish-gray, thinly laminated with sandstone

DEIOW L. e e PRV 40
1. Talus to river ..., e e 9

The <hales in beth seetions would undoubtedly vield a fair
erade of the estomon clav wares. (ood sections continue tc the
sonthwest along Scuth viver cue of tihe hest appearing cn the
geutheast quarter of mortheasi guarvter el section 3, in Union
towns<hip, which is as follows:
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FEET
9. Shale, black .o i i 2
8. Coal...... ... - . R 1
7.. Shale, arglllaceous gray 4
6. Limestone, gray, fossiliferous.. ... ... ... . 2
5. Shales, argillaceous, gray......... .. SRR e 8
. Coal i i e 33
3. Shale, bluish-gray, sandy below.. 34
2. Coal i 1
1. Shale, exposed to river ... 2%

All of the wmembers developed here could he used in clay
manufactures, save the coal seams and numbers 6 and 10. The
ccal cculd he used to burn {he wares and furnish heat and power
for their manufacture. The beds dip gradually to the southwest.
On cecticn 9 a similar though less extensive section may be
vizwed. Good sections are also visgible in sections 17 and 30.

South ¢f Ackworth, near the Chicago, Burlington and Quincy
railrcad; a complicated series of beds are exposed. The section
1s given below:

FEET.
13. Loess, variable in thickness.
12. Limestone, compact, fossiliferous ............. ... .. 1
11. Shale, argillaceous, black....... ... ... ... 4
10. Coal .. 4
9. tire clay above shdle clay below ................................ 8%
8. Sandstone, irregular, varying from shaly sandstone
above, to true shale below................. ... 14
7. Sandstone, gray, friable ... ... e 1%
6. thale, gray, thin irregular band, arenaceous ...... ... 6+
5 Saudstoue reddish-brown.. ... b
4. Shal=, argillaceous, gray above and dark below &
3. Coal. e e e 3
2. Fire clay and shale e v e L
1. Talus to river (probably sha]e) ........ IO 2

The above section could he uged in its entivety, with the excep-
tion of number 12, and perhaps portions of 5, 7, &, and 10 wonld
necd to be rejected. The heds assmme a more arenaceous facies
to the southwest, and while important seams of shale still persist,
the outcrepa arve considerably chsenred Ly the heavy sandstone

talns and drift debzis.
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In the scutheast corner of the county, along Whitehreast creek,
a heavy sandstone appears near the top of the section and greatly
ebscures the beds below. Thick shale beds are known to be pres-
ent but could only he developed by mining.

The Winterset branch of the Chicago, Reek Island and Pacific
railway closely fcllews Middle rviver acress the county and ren-
ders accessible commercially the nmnerous shale cuterops.  South
cf (farlisle, above the wagon bridge in section 15, the fcllowing
series of bheds are exposed:

FEET.
8. Shale, argillaceous ... ... ... et e e 1
7. Coal. . !
6. Shale, clay 5
5. Sandstone........ e e 13
4. Shale, argillaceous, dark below. .. 3
3. C0al i et e e e e e e *
2. Fire clay and shale, containing nodular band

thin seams of sandstone............ et e L 14

1. Shale, argillaceous, dark above, exposed to river 2

With the excepticn of numbers 3 and 5, the section in its
entirety could be utilized. At Sumnerset the sandstone members
come 1n more prominently near the base than in the preceding
scetion.  The sequence is as follows:

9. Li0@SS oo e e e e e e 14
8. Sandstone, calcareous ... ... ... i
7. Shale, argillac@ous ... oo s s e 6i
6. Coal o e e e e 1
5. Fireclay . i i e e e 4%
4. Shale, sandy, @ray ... oL e s e 33
3. Sandstone, gray RPN §
2. Shale, Gray .. e e 2
1. Sandstone, heavily bedded ... ... ... ... 2

About a mile and one-half southwest ¢f Spring Hill a fairly
clean section is exposed and presents only a modrrate amouunt
of stripping. The fellowing beds may be observed:
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Coal, badly weathered
Coal, gray, with thick bands of sandstone..
Shale, blue above and black below ... ...
Sandstone, concretionary, calcareous ... ... 3
Shale, gray to black ... .. e e e, 2

C0al i i e s 1

Fire clay ..o e RS 4%
Sandstone, grav, heavily bedded ... ...
Shale exposed ...

— W NN OO

N e
e e

The Ccal Measures continue prevailingly argillaceous to the
southwest, but the sections become mcre cbscured with talus.
Near Bevington, in Madison county, an excellent shale section
may be seen and is noted in the description of the Coal Meas-
ures for that county.

The Coal Measure beds exposed along North river are prevail-
ingly shales, but are less accessible at the present time than those
of the Middle river district because of lack of railway facilities.
One of the outerops which is most easily accessible appears north
of Greenbush, in section 30 of Greenfield township. The beds ex-
posed are as follows:

FEET.
6. Loess and drift, variable in thickness.
5. Shale, argillaceous, light ... ... ... ... 3
4. Coal, impure and weathered ......... T ¥
3. Shale, compact above and soft below..... . 30
2. Sandstone, gray..... ... 3
1. Shale, argillaceous, blue exposed ... ORISR e 20

A coal seam is said to lie just below the river bed. The entire
section can be utilized save where the drift carries too many peb-
bles and bewlders. Numerous sections, less extensive than those
given above appear along the tributaries of the principal streams,
or cceur within easy working distance of the surface inland, but
sufficient have heen given to demonstrate the bountifulness of the
supply of raw materials which have been but sparingly devel-
oped. Small potteries in the vicinity of Carlisle and Hartford
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have used the fire clays of the neighi:orhocd fer a number of
vears, but in amcunt s¢ sall as to b venvecly werthy of mention.

Wayne Connty.—Notwithstanding the fact that the upper Coal
Measures cover the entire county, exposures are rare owing to
the great thickness of I’leistocene deposits and the absence of
large streams. Occasional much cliscured outcrops appear in the
vieinity of Confidence, in the northeastern portion cf the county.
Shales 1redominate and are usually accompanied by a thin coal
seamn. Near Sevinour, thick seams of clay shales of good quality
are known to cxist, through expleratory work for coal. They
coulc not ke déveloped extensively, however, save thiough great
expense by stripping or the adeption of mining wmethods. The
argillacccus deposits are but little knewn and ne attempts have
been made toward their utilization.

Webster County.—With the exception of small isolated patehes
cf Saint Louis limestene uncovered by the Des Moines river in
the northern pait of the county, and two detached areas in the
inland portions of the county, the Coal Measures are believed
to cover the county. The Des Moines 1iver has ceunt a
deep trench across the county and good shale scctions are con-
fined to the immediate vicinity of the viver and a few of it
larger tributaries. The heavy mantle of drift and the prevail-
ingly steep slopes along the greater streamways have produced
heavy depesits of talus which have chscured greatly the under-
lying Ceal Measure series.  Notwithstanding these drawbacks,
the county posscszes the cowpensating advantages of splendid
Teeation, thick shale keds of good quality and fuel close at hand.
The shales have keen developed at a nmnber of points.

Webster county cecuples a strategic positien with refevence
to the great nndrained avea covered by the Wisconsin drift. The
energies of all ¢l the factories operating in the county are largely
devoted to the manufacture of drain tile. Their closest competi-
tors are the Mason City plants. Tn the vicinity of Fort Dodge the
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pit at the Kime brickyard gives scime idea of the extent and varia-
bility cf the shales. The section ig as follows:

Fre. 3. Two of the Fort Dodge Lrick plants. In the foreground are the works of the Forc
Dodge Brick and Tile Company; in the background the Fort Dodge Clay Works,

FEET.
11, Drift and soil . e e 3
10. Shale, black, bituminous ..o e e 4
9. COAl o e e e e 1}
B ClAY ot s et e s e e e 31
T C0al e e e e e 14
6. Sandstone, SO ..ot et e e i
5. Fire clay...... ettt e oeeie e et e et s e 5
4. Shale, dark colored, bituminous, fissile below ... .. 73
3. Shale, dark colored ... . 2
2. Shale, light colored ... ... oot i e 2%
1. Shale, dark colored, exposed ... ... ... 10

Almost the entive section below the drift could be utilized in
the manufacture vt a wide range of clay wares.

The plant of the Fort Dodge Brick and Tile Company is
located on the east bank of the river, north of the Illinois Central
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railway bhridge. The pit shows signs of slides and the various
lavers are somewhat irregular. The pit secticn 1s as follows:

FEET
Surface wash and drift ... ..o 4+
Shale, coaly. .. i i 3
Shale, clayey, yellow to gray, pyritic ... ... 8

Sandstone, impure ... e 1
Shale, argillaceous, gray ... ... .. 2
Shale, dark gray to black, fissile in the upper part... 7
Shale, argillaceous, light blue, exposed ... ... ... ... 18

— N Lo Gl Oy N

Fiq. 64. A portion of the plant of the Fort Dodge Stoneware Company, Fort Dodge, {lowa.

Number 1 carries occasional caleareous coneretions, pyrite and
gypsumi crystals. It is known loeally as the potter clay and burns
to a light gray or buff. The dark clay shales above the potter
clay burn red. The entire section, with the exception of portions
cf the sandstone and drift, can be used. The various grades of
brick, drain tile and sidewalk blocks are the principal manufac-
tured products.
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The shales are also being developed on the west side of the
river. The plant of the Fort Dodge ('lay Works is located south
cf the Illinois Central railwayv. The pit section shows the follow-
ing heds:

FEET
5. Drift e e e e 5to 20
4 Shale, clayey, variegated, siliceous in lower part...... 6
3. Shale. impure, coaly...... e e e IR k3
2. Shale, argillaceous, light to dark gray .............. ... 25
1. Sandstone ... e e 1

Numbers 2 and 4 are the principal members worked. A Rad-
ford ‘‘Monarch’’ continuous kiln is used for burning the struc-
tural brick. It contains sixteen chambers and one chamber is
burnt per day. The products are about the same as in the pre-
ceding. The company has opened a new pit recently farther up
the Lizard and have secured a better shale section with less strip-
ping.

Several other pits in and about Fort Dodge show sections of
from thirty to fifty feet of shales suitable for the manufacture of
the vavious grades of clay produets, including paving brick. The
overlying drift is of variable thickness and because of its large
lime content must be carefully removed to insure high grade
ware. The Bradshaw Brick (‘ompany has been in successful
operation for a nuymber of years. The produet includes drain
tile, building block, common builders, pavers and sidewalk block.

A potter’s clay is oblained under one of the coal seamns of the
neighborheod from: a sinall mine about one-half mile north of the
city, on the west bank of the river. This c¢lay has been used by
the Fort Dodge Pottery Compauny and vields a good grade of
stoneware. Analyses of the clay were made and are given hclow



PLAYE XXVIII. Pit of the Lehigh Brick and Tile Company, Lehigh, Iowa.
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FIRST SECOND
QUALITY. QUALITY.
66.00 63.83
19.32 17.55
Combined Water.....ccooviers it e e
Clay and sand ... et e e 85.32 81.38
Iron oXide coeveeee oo e, 0 80 2.75
LAMME e et e, 2.85 2.94
Magnesia ... i e 0.54 0.57
PoOtash oo e, 1.15 0.67
Soda........... e e ettt e e e 2.49 0.79
Total AURES .oove e e e 6.83 7.72
Moisture and undetermined ... 6.84 8.54
Carbon dioxide ......coe oo 2.36
Insoluble in sulfuric acid and sodium
carbonate ... ... e 58.55 68.69

The first quality clay compares favorably with the clay used at
Zanesville, Ohio, and other clays equally well kncwn.

Scuth of Fort Dodge the Coal Measure shales outcrop at num-
erous points and have been quite extensively developed near
Coalville and Lehigh. Northwest of Coalville, west of the Des
Moines, Johnson Brothers are operating a plant located on the
Minneapolis and Saint Louis railway. Their pit shows the fol-
lowing section:

FEET.

6. Alluvium on the 70 ft, terrace. Mainly fine sand,

silt and clay; few pebbles present. Imperfectly
stratified; varies up to ... ...l 4

5. Drift, bowldery, blue-gray to yellowish along the
seams, varies from.......... ... 1to 2

4. Drift residuum,composed chiefly of limonite concre-
tions, rotten granite bowlders, greenstone and
limestone pebbles. The pebbles rarely exceed
3 inches for greatest diameter. The upper por-
tion is a peaty brown of putty-like consistency.

The layer bears evidence of age and varies from
10 e ettt et e arane e emranne et 1%

3. Shale. variegated, sandy, ‘‘Calico rock’, body

color bluish-gray, cracks and seams stained

red, often a bright red. ... ... 7
2. Sandstone, yellowish-gray, forms an indurated
1ed@e UP 0w ies et e et s 1%

1. Shale, bluish-gray, the principal bed in the pit,
light bands appear occasionally; exposed .... ... 12



Prate XXI[X. Plant of the Lehigh Brick and Tile Company, Lehigh, Iowa.
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PraTe XXX. Reel cutting table for hollow ware, Lehigh Brick and Tile Company, Lehigh, Iowa.



502 THE GEOLOGY OF CLAYS.

A seamr of cannel coal lies about five feet below the base of the
section and is mined and used to burn the ware and furnish neat
and power. Hollow ware is the chief manufactured product at
present. A chemical analysis was made of number 3 with the
following results:

Alumina ...........
Combined water

Clay and sand ... o o s e e 90.60

Iron oxide
Lime

PoOtash .o o e e et e

Total AUReS o e e s e 8.05

MOISEUTE ot ettt e e et s e 0 53
Sulfur trioxide ... .o o I 0.82

F1a. 63. Plant of the Kalo Brick and Tile Company, Kalo, Towa.

‘With the exception of the drift and hard ledges, the entire sec-
tion is utilized. The pit is above the plant and the clay is trans-
ferred from pit to dry pan largely by gravity.
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The plant of the Kalo Brick and Tile Company, owned and
operated by Schnurr Brothers, is located almiost directly west of
Coalville, also west of the Des Moines river. The shales devel-
opied here are a little higher in the (‘oal Measures series and are
rather more variable. The section is as follows:

8. Drift and wash about the level of the ‘‘70-foot’’ terrace 5
7. Shale, bluish-gray to yellowish-gray above, jointed

6. Coal blossom, brown to black and earthy RN

5. Shale, sandy, weathers out soft and is of an ash color,
contains plant Impressions .. ... 8

4. Sandstone, argillaceous, projecting ledge in places,
lower portion often variegated lightand dark bands 2

3. €081 i e e e e e, &
2. Sandstone, argillaceous, when weathered forms a hard
ledge; contains leaf impressions ... 1

1. Shale, blde-black, pyritic above and gypseous below;
pyrite aggregates vary from one-half inch up to
three inches, flattened clay-ironstone concretions
up to eight inches are also present........................ 4

A small fault crosses the face of the pit. The strike is north-
east-southwest and the hade 1s about 50°. The hanging wall is
to the northwest, the throw heing about two feet. Here as at the
Jehnsen plant, hollow ware is the chief manufactured product.
With. the exception of the hard ledges, the entire section is used
with satisfactory results. A branch of the Minneapolis and
Saint Louis railway gives an outlet and nearly the entire output
is shipped.

Lehigh rivals Fort Dodge as the most important clay working
center in the ccunty. Four factories are doing business on a
large scale and all are using very similar raw materials. In addi-
tion to the clay used locally, a considerable amount of raw eclay
is supplied the plants at Fonda and Webster City.

The works of the Lehigh Brick and Tile Company are located
on a stub of the Crooked Creek railway. The beds exposed in
the pit are as follows:



PraTeE XXXI
Dry press, shape machine. Method of facing dry press brickin a round, downdraft kiln.
Corey Pressed Brick and Coal Company, Lehigh, lowa.
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FEET.
7o DIIEt e e e e e 4
6. Shale, clayey, blue ... . e e 5
5. Shale, variegated. ... e e 10
4. Sandstone, friable. ... e e i e 2
3. Shale, argillaceous, red and yellow ... ... ... 3%
1. Shale, dark, unctuous, exposed ........ccoooiiiisieccrenes o 4

With the exceptions of portions of the sandstone ledges and
the drift, the entire sequence is used.

An average sample from the pit of the Lehigh Clay Works
was analyzed and gives some idea of the variation in the com-
position of the shales of the district. The analysis is as follows:

 pasaaad 1

F1G. 86. Boyd four mold.dry press machine; Corey Pressed Brick and Coal Company, Lehigh, Yowa.

SHHCA oo et oo 53.08
Alumina 17.71

Combined water. ... i e 9,30

Clayand sand ... ... . s e e e 80,09
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Iron ORIAC oot e e e 8.64
L . o e e e 4.05
Magnesifl. oo v s e e et e 0.91
POtaAST . o e e e e 1.25
SO o e e e e e e 3.70

Total AURES.. oo .. 18.58
Insoluble in sulfuric acid and sodium carbonate.............. 71 55

The Corey Pressed Brick Company is situated on the north
side of Crooked creck, a short distance northeast of the Lehigh
Brick and Tile Company and is one of the pioneers in the dis-
trict. The dry press process only is used and face and fancy
brick and special shapes are manufactured with excellent suc-
cess. Two seams of clay are being developed, the upper seam,
occurring above the upper coal vein and averaging ahout 4 feet
in thickness, burns buff; and the lower seam, some 15 feet below
and averaging 15 feet in thickness, burns a deep red. Both seams
can be developed economically only by mining. Analyses of
these clays were made and the resulis are given below:

Red Burning. Buff Burning.

SilHC2 eeeeecee e e . 58,05 58.68
ATUMINA o es e e e e, 23.05 23.89
Combined” water.......... voeees oo 8.10 6.13

Clay and sand... ... 89.17 88.70
Iron OXIA€ oo e 3.83 3.83
LAMe oo e 0.30 0.96
Magnesia ...oov oo e 2.04 1.70
Potash. e e e 0.90 0.84
SOAa. e e e e e 2.04 2.19

Total Auxes ..o e e 9.11 9.52
MOISEUTE. ..ot et e 0.96 0.79
Sulfur trioxide ..o 0.86 1.16

RATIONAL ANALYSES.

Clay substance ... oot oo e 68.20 54.62
FeldSPAr .o e e e i - i e 5.99 11.18
Quartz........ccooovie e e e e 25.81 23.23
Caleium sulfate ... oo o 1.97

100.00 100.00



Prare XXXiI, Pit of the Campbell Brick and Tile Company, Lehigh, lowa.
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The pits of the Campbell brickvard and of the ‘Webster City
Brick and Tile Company are located near the point of the hill
hetween the Des Moines river and Crooked creek, about one-half
mile below the wagon bridge in Lehigh. The sections exposed
in the two pits are practically identical. The heds exposed are
as follows:

FEET.
10. Drift and surface wash ... s, lto 3
9. Sandstone, clayey, to sandstone shale ... ... 5
8. Coal, impure, to bituminous shale ... ... ... R, 14
7. Fire clay, impure, sandstone and shale . 10
6. Coal, impure, to bituminous shale ... 1+
3. Fire clay, somewhat arenaceous ... .coe. 3
4. Shale, blue, dense, shows slight fissility ... ... 15
3. Coal DlOSSOM oo e o e e e e 1
2. Shale, clayey ... i i e 3
1. Sandstone, argillaceous. soft, almost wholly un-
indurated, exposed e e s s e . 3

Fra 67. Plant of the Campbell Brick and Tile Company, Lehigh, Towa.

With the exception of the sandstone ledges and the larger coal
seams, the entire section is utilized. The buff burning shale
exposed in the (‘crey pit is eut cut at this point. Number 4 in the
section is believed to correspond to the red burning shale at the
Corey pit. Drain tile and Lollow bleck are the leading manu-
factnred products.
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Chemically the two clays are remarkably similar, and vet one
barns a strong red and the other buff. Both give cxcellent satis-
faction as face brick or for inside finish.

The principal manufactured produect is hollow ware for all
save the Corey plant and ahmost the entire ountput of the district
is shipped, mainly to the north and northwest. The Chicago and
Great Western and the Webster City and Crooked Creek rail-
ways afford the rail outlets. )

Shales are exposed at numercus other points but the outerops
are not readily accessible at present.

THE CRETACEOTUS.

The Cretaceous as represented in Towa may be divided readily
into two divisions, a lower sandstone and shale series, the Dakota,
and an upper series of interbedded sandstones, shales and marly
limestones. In the upper series the argillaceons beds greatly
predominate. Near the top marls and marly limestone of the
Niobrara Chalk appear. Rocks referable to the Cretaceous are
supposed to cover the larger portion of the northwestern one-
third of the state. The limits, however, can not be determined
definitely. Cretaceous shale heds are known to exist in Sioux, Ply-
mouth, Woodbury, Sac, Calhoun and Montgomery counties. In
miost of these some attempts have been nade to develop them.
It is probable that the shales extend as far east as the Emmet,
Calhoun, Guthrie tier of counties, as far south as Montgomery
and west to the Missouri bottom lands. The shales have essen-
tially the same range texturally and in composition as those of
the Coal Measures but are prevailingly more silicecus and less
plastic. The best known depcsits are, considered alphabetically
by counties:

Calhoun County.—The Cretacccus shales have been developed
near Lake City for a number of vears. At present but cne fac-
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tory is in operation, the Lake City Clay Works. The pit is lc-
cated on Lake creek, a tributary of the Raccoon river, about a
mile northwest of the town. The pit section is as follows:

FEET.
5. Drift and wash, the upper portion of which contains
much gravel in places ... 10
4. Shale somewhat fissile, grayish-blue to dark blue;
when dry, a light gray.......... ... .. e 4

3. Sandstone, friable,in threeledges of about equal thick-
ness, indurated in places; the lower ledge highly
ferruginous and often contains concretions; the
middle layer unindurated and white, top layer

stained a very light yellow..................... 2
2. Shale, clayey, massive, variable texturally and structu-
TALLY o i i e s 7

1. Sandstone, concretionary, much iron-stained, exposed 5

A short distance north of the pit the sandstone members be-
come very prominent and constitute the major portion of the
section. Near the base of the section a red stratumi appears and
is associated with am almost pure white putty clay. The sand-
stone shows various stages of induration, and clay balls and
lenses cceur throughout the entire mass. A light shale comes in
above this sandstone. (Good shale sections are reported to oceur -
along the Raccoon river three or four miles to the southwest.
The same shale also occurs near Grant City, in Sac county. An
analysis of the principal shale bed was made with the following

results:

Clay and sand ... ... e e s 92.18
Iron oxide ... i e e e . 1.24
LAME. it e e e 2,22
MaGneSIa.. ... i e s s e e 1.08
Potash ... e e e 32
Soda .. 1.08

Total AUXES oo e e 5.94
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RATIONAL ANALYSIS.

Clay SubStANCE....... oo s s e 42.00
FeldSpar. .ot it e e . 8.44
Quartz ... .. 46.16
Calcium sulfate ... i 340

100.00

A casual inspection of the analysis will show that the clay is
highly siliceous, comparatively low in alumina and low in the
fluxing constituents. It is also low in iron and burns a light color,
and shrinks but little during the process of drying and burning.
‘Where it has been used the practice has been to mix with it the
surface wash and alluvial material which run mueh higher in
iron and give a good color. ('lay shales have not been utilized at
any other point in the county. i

Montgomery County.—The Cretaceous deposits represented in
the county are usually arenaceous and have been referred tenta-
tively to the Dakota stage. Although sandstones prevail near
the top of the series in certain places certain argillaceous depos-
its are of importance. The clay beds are somewhat irregularly
distributed and are not persistent. The most important clays of
this age known in the county are found near Red Oak. The beds
have been develop:ed for a number of vears by the Red Oak Pot-
tery Company.

The pit scction is as follows:

FEET. INCHES,

11. Loess, impure in lower portion............ e 6 6
10. Sandstone, light yellow, soft ... ... ... 3

9. Shale, light gray, used for pottery ... .. 11
8. Sandstore, white to yellow.....cveies e 1 6
7. Shale, light gray, for pottery.......... ... 2

6. Shale, gray, siliceous; for fire brick ......... ... 1 1
5. Shale, dark to light gray; for pottery.. 1 6
4. Shale, gray, siliceous; for fire brick ............. 2
3. Shale, light to dark gray; for pottery........ 2 2
2. Shale, grayish; for fire brick. ... ... 6
1. Shale, siliceous, gray, impure, exposed ....... 6
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The principal shale in the pit attains a thickness in soine places
cf 15 feet and apparently rests uncoufcrmably upon a very

siliceous shale.

Near the east end of the pit it is replaced bv

friable sandstone. Loess covers the entive seetion. A sample of
the purest clay was analyzed and the resulis are given herewith:

SHHCA o i e e e e s 69.75
AlUMINA o i e e e e e 18.68
Combined Water ... ... s s e 3 85

Clay and sand......ccoi ccvis et e e 92 2_8
I00N OXIAE it it et e e e e 1.94
LI o et et e et e e 1.07
MAagneSIA ..o it e et e .95
Potash. o e e s et e e 2.32
SO0AA i s et e e e .64

Total fluxes..... . 6_&;5
Moisture....... oo oo e e an e e s 1.33

‘White stoneware is manufactured from the best grades and
a few fire brick have been made which give fair satisfaction. It

is believed that certain layers if freed fromv impurities by wash-

ing could be made into a superior quality of glass pots and cruci-
bles. At this time the Cretaceous clays have not been developed
at any other point in the county.

Plymouth County.—The shale clays in Plymouth county are not

very accessible at the present time for open pit work. They ave

present in considerable quantity and of good quality within easy

mining distance.

A representative section may be viewed near

the site off the old Crill mill on section 32, in Sioux township.

The beds of indurated rocks visible att this point are as follows:

w

FEET.

Limestone, thin, leafy texture, fossiliferous........ .......... 90
. Shale, buff, sandy, with layers of sandstone and fer-

ruginous concretions............... 30
4. Shale, dark blue to drab, fine-grained, argillaceous 10
3. Sandstone, fine-grained, calcareous, light buff to

WHILE o i e s
2. Lignite

1. Fire clay, white to light gray, only slightly ex-
posed, found in digging ...l 6
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The fire clay contains very little grit, is quite plastic and
apparently would be easily worked. The sandstone above the
lignite seam would afford a good roof and the bed would vield
readily to mining operations. An analysis of the fire clay was
made with the fcllowing results:

SIHCA <ot o e s e e e e e e e 67.42
ATUMINA oo o et e e e 19.43
Combined water ... ..ccooes oot e e 5.59

Clay and sand .. .. 92.94
Iron oxide................ 2.39
Lime ... . e 0.55
Magnesia ..o e e e 0.25
PoOtash oo e e e 0.25
SOA@ e e 0.58

Total AUKES. ..o e 4.47
MOISTUTE ..o et et eeeeeeee e oo e e 2.98

The fire clay compares favorably in compesition, with some of
the standard fire clays of the country. Numbers 4 and 5 in the
section: would also be available and could be used separately or
by blending with number 1, and the possibilities of manufacture
be increased greatly. Also the surface clays could be brought
inte service. At present no serious attempit has been made to
develop the shales, although similar beds are used extensively at
Sioux City and Sargents Bluff.

Pottawattamie County.—Shales and sandstone of Cretaceous
age are known to cover portions of Pottawattamie county. The
arenacecus beds predominate in the outerops known. Along the
western line of the northeast quarter of section 36, in Wright
township, there is a long escarpment of sandstone running nearly
due north and scuth for more than a quarter of a mile, facing
the river and ferming its western bluff. South of the escarp-
ment, neav the north line of section 1, in Waveland township, the
sandstone exposed in the river rises only a fiew feet above the

water. On top of the sandstone rests forty feet of light gray clay
33
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or shale in whieh there are cceasional scams of fine sand. The
shale is variahle in coler, ranging from light to dark, and weathers
vellow.  Jn addition to the sand lavers, it contains oceasional car-
bonacecous scaws and concretions of siderite. The clay is known
{o outerop at other points and i< helieved to be suitable for all of
the grades of connuon brick and hollew ware. No attempts have
Been made to develop it commereially.

Sac Cownty.—The elay shales exposed along the Raceson viver
and Lake creek in Calhcun connty centinue into Sace county and

i " .
7

o=

~ A

I'rg, 68. Clay shales with concrebions of clay-ironstone. Sec. 36, Wright township, Potta-
wattamie county, Towa.

appear in the bluffs near Grant (ity. They appcear to he of ex-
cellent guality, but little has heen done toward their nfilization
comnnerciaily.

Siowr County.—Shales presumably belonging to the Benton
stage of the Cretaceous appear in the railway cut about four
miles south of Hawarden. The scetion is given below.
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FEET.
2. Shale, drab to blue, argillaceous in part, containing
numerous crystals of gypsum ... .. 25
1. Limestone, fossiliferous, thinly bedded, with chalky
L85 < T USSR 20

Fro. (9. Benton shales cxposed in railway cnb three miles south of Hawarden, ip Sioux
county, Iowa.

Formerly the shales were used in the manulacture of hrick
and common hollow ware with semewhat indifferent rvesults.
The plant hurnt down scwe vears ago and has not been rebuilt.
So far as known the shales do not present any other outerops
readily accessilile in the county, although they are undoubtedly
within easy mining range over a considerable area.

Woodbury County.—Shale beds referable to the Cretaceouns
are abundantly exposed in the western portion of the county,
especially in the vicinity oft Sargents Bluff and Sioux (lity. At
both points they have been developed extensively in the manu-
facture of clay goods. TIn general the shales are highly siliceous,
and comparatively low in clay substance and the fluxes. As a
consequence they are not so well adapted to the manufactare of
hollow ware as the shales of the Coal Measures and Devonian.



516 THE GEOLOGY OF CLAYS.

They are especially adapted to the manufacture of shapes be-
causze of their low shrinkage and would give good results when
treated by the dry press process. At present the stiff muad proeess
only 1s used.

At Sargents Bluff, about seven miles helow Sioux Clity, one

of the standard sections of the county may be viewed. The
sequence cf beds is as follows:

Fra 70. Pit of Holman and Brother Brick Plant, Sargents Bluff, Iowa.

FEET.
5. Loess, thickening back from the river and forming
bold bluffs, 100 to 150 feet high ... ... ... 40
4. Sandstone, fine-grained, light buff to white above,
coarse, orange-yellow below ... ... 25
3. Lignite, more or less earthy, usually of a dark
purplish hue.......... et e 14

2. Shale, variegated, brilliant orange to dark olive
green, with interstratified beds of fine white
sand and thin bands of ferruginous concretions
containing plant remains ...

1. Shale, sandy, reddish, becoming drab to orange
below, and containing large ferruginous sandy
masses with plant remains........cco oo v .25
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The shale members have heen developed on a large scale for
a number of years. At present two plants are in operation, C.
J. Holman and Brother, and C. W. Ritz. The former yard is
the pioneer in the district. The Holman pit shows the follow-
ing details.

F1a. 71. Irvterior view of machinery building, Holman and Brother Brick Plant, Sargents
Bluff, Iowa

FEET
7. Loess of variable thickness up to.................ccocvveeeeece 40
6. Sandstone, unevenly indurated (exposed)............ 10
5. Shale, lignitic to-argillaceous. ..o, 14
4, Shale, argillaceous to sandy........ ..o i ceeeeeeee. 5
3. Shale, unctuous, dark to light gray in color........... 8
2. Shale, light colored, somewhat arenaceous............. 6
1. Shale, buff to yellow and gray......... . 16

All of the beds are usable save the sandstone and lignite seam.
The loess, however, is not generally used, although it would
indoubtedly make a good quality of builders either alone or
blended with the clay shales. The sandstone is usually quite fri-
able and breaks down easily when exposed to the weather. It
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furnishes an abundant supply of clean sand for sanding the ware
in the kilns. Analyvses were made of the principal shale seaw

and of a seam of fire clay. The results are given helow:

SIECA oot e s e e e e 71.63 75.85

ATUNIIDA o e 14.17 10.73

Combined water ... ... e 5.16 6. 38

Clay and sand ... .o oo e, 90.96 92.96

1.43

1.00

.49

.24

.70

Total Auxes ... o 7.05 3.86

Moisture, sulfur trioxide and carbon dioxide.. 2.30 3.18
RATIONAL ANALYSES.

Clay SubsStanCe....... ..o e e 49.69 41.28

Feldspar ............. e e RSO 3.13 6.55

QUATLZ oo it e e 47.18 52.17

Total e 100.00 100.00

Both clays are highly siliceous and comparatively low in
fluxes. In fact the entire assemblage of beds are somewhat are-
naceous and work ‘‘short.”” The ware, when properly burnt, is
strong and resists the weather well. Common and face bhriek,
paving brick and sidewalk brick and block are the chief manu-
factured produets. The sidewalk block and brick have gained
great favor and the demand is growing rapidly.

The ware shrinks but little in drying and burning. The Hol-
man type of kiln iz used and the brick arve suecessfully burnt
when set 48 brick high.

The Ritz pit presents some local variations but the beds
worked belong to essentially the same horizens as those just de-
seribed.

At North Riverside, a suburb of Sioux City, the Cretaceous
shales are being developed extensively. T'wo up-to-date plants



PraTe XXXIII. Pitof the Sloux City Brick and Tile Company at North Riverside, Sioux City, lowa.
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are in operation, the Sioux Paving Brick Company, successors
to the old Sioux Paving Brick Company and the Lower Brick
Company, and the Sicux City Brick and Tile Works. The beds
developed at the various plants in this vicinity are not very
different and are essentially stratigraphic equivalents. The pit
of the Sioux Paving Brick Company is perhaps the most exten-
sive and shows the greatest diversity. The details are given

below :
FEET
13, L0€SS, TP £0 i e it e 10
12. Shale, very arenaceous, with gypsum in veins... ... 14
11. Shale, light to drab-gray, in part sandy, wirth gyp-
seous seams.. 15
10. Shale, with impure llmestone in 1rregular bowlder-
lKE MASSES. . oiov. et e e 3
9. Shale and sand, ferruginous, in alternating layers.... 4
8. Shale, gray, non-siliceous . 10
7. Shale, grayish to drab, w1th four mch rock ledges
about the middle.............. 6
6. Sandstone, calcareous, in part shaly.. ... 4
5. Shale, gray, fissile ... 2%
4. Shale, gray, very finely siliceous, with ferruginous
masses near middle, also in upper part..... ... 5%
2. Sandstone, light colored ... ... 7
1. Shale o e e 1

Nearly all of the beds are used save the hard ledges and
strengly calcareous bands. For ordinary builders the loess can
be used freely. Some attempts have been made to manufacture
vitrified brick, but with rather indifferent suceess.

About one-half mile south is the pit of the old Northwestern
Sewer Pipe and Tile Company. The pit shows sowe variations
and 1s given below: : 'r

Shale, gray to white, siliceous
Lignite, impure ......... e .
Sandstone, marly, white ... ... .
Shale, gray to white, with ferruginous colorings;
also layers of siliceous bowlders.............c... .o 12
Shale, drab to white, arenaceous ..........cocoocooe oo 2
2. Sandstone, white to red....... .o 7
1. Shale, gray, sandy, especially below; exposed ... ... 7

oy N

(3%}



PrLaTe XXXIV. Plantof the Sioux City Brick and Tile Company at North Riverside, Sioux City, Iowa.
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Formerly sewer pipe was manufactured, but no pipe has been
made for some vears.

The manufactured pl‘oduofs comprize commen building brick,
vaving brick and fire brick and sidewalk Dbrick. The shale
blended appears to be especially adapted te the manufacture of
first-class sidewalk brick. The process of manufacture consists
of running the ware stiff mud and then passing the end cut
brick through a repress in which they are shaped and a pattern
stamped upon them.

The Sicux City Brick and Tile Company has recently installed
a modern plant between the above mentioned plants and are
doing business on a large scale. Their pit is shown in the
accompanying cut. In addition to common builders and face
brick, a large nuwmber of file and building block are produced
annually. Most of the ware is burnt in a Haigh continuous kiln,
which gives eminent satisfaction. Here, as at Sargents Bluff,
the shales are highly siliceous and but little loss is experienced
in drying and buwrning. Higher temperatures ave required to
secure a good burn than for any other series of shales in the
state.

Some of the shale and clay seams are highly plastie, faurly
free from impurities, yield readily to the potter’s art and burn
a satisfactory color. Potteries have been in operation from time
to time both at Sioux City and Sargents Bluff but none are in
business at present.

Shale erops continue nerthward aleng the Big Sioux but be
come more and more intimately associated with calecarecus and
arenaccous heds so that their extensive develc)ment.would only
be pessible by drifting o shafting. Ncthing has been done
teward their utilization in the manufacture of clay goods at any
other point in the county.



Prare XXXV, Interior view of Haigh continuous kiln showing method of sctting hollow ware. B8ioux City Brick and Tile Company, Sious City, Towa



Frc. 72 Interior view of Haigh continuois kiln showing method of setting brick; Sioux City
Brick and THe Company, Sioux City lowa.

Fra. 73. Top view of Haigh continuous kilo showing arrangement of fire holes and open court.



THE PLEISTOCENE. 525

The Pleistocene

With the exception of a small area in the northeast corner of
the state the older rocks are covered by a thick mantle of glacial
debris which varies from. total absence up to two and even three
or four hundred feet in thickness. Only the larger streams and
their immediate tributaries have cut through the drift. The
detailed features of the landscape are moulded in it. Only the
targer features are in any way the result of the older rocks. The
drift 1s composed of a most hetercgencous series of materials
comprising bowlder beds, gravel trains and the more or less
sorted over-wash. Intimately associated with the drift sheets
are the massive structureless deposits of loess. The loess is
composed of fairly well sorted finer sands, silts and clays. It
covers about two-thirds of the supeificial area of the state and
affords an inexhaustible supply of raw material ready prepared
for the clay worker. It varies fromy a thin veneer to deposits
many feet in thickness. Of the drift sheets themselves but little
has been done toward their utilization in the clay working indus-
tries. The greater portion of the varicus diift shects contains
numercus pebbles and bowlders, many of which are calcareous in
character and make the use of drift expensive or impossible to the
brick-maker. In addition to the pebbles und bowlders, the unal-
tered drift contains a high percentage of lime, both in the form
of concretions and in the widely disseminated formy throughout
their entire mass. Lime concretions must be eliminated or finely
pulverized in order that the clay may bLe used safely. Many: of
the drift clays, even when fairly free from the deleterious 1m-
purities mentioned, still fail to give satisfaction on account of
excessive shrinkage and consequent great less due to checking
in drying and burning. However, several of the drift sheets
present deposits which have been slummed or washed naturally
through the precesses of weathering, transportation and sedimen-
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tation and have heen partially prepared for the hriek maker.
Such deposits oceur about some ¢f the present or recent lake
beds, along ravines and draws and cn second bottom land, merg-
ing insensibly into alluvial deposits, and are used to a limited
extent and give fairly satistactory results.

In Towa five drift shects arve recognizable and will he discussed
in the order of their age. All save one are shown on the accom-

panying map.
PRE-KANSAN OR ALBERTAN.

The glacial deposits supposed to be the equivalent of the Al-
bertan of the C'anadian geologists, have been chserved at a num-
ber of points in the sfate. The best Lknown sections may be
viewed at Afton Junection in Union county, at Albion mills in
Marshall county and in the cut aleng the Great Western railway
near Oelwein in Favette county. The Albertan is not known to
appear at the surlace, save in natural or artificial cuts, and is of
no practical importance to the clay worker. It has been observed
at numerons other points and is usunally separated from the over-
lying drift sheet by peat beds, forest remains, old soils and gravel
beds.

THE KANSAN.

The ice invasien which preduced the Kansan drift marks the
extreme ice advance for the Mississippi Valley. It is the only
glacial shect which was known to ¢ross the Missouri river into
Kansas and hence the name. It is not only the most extensive
areally in Towa but also averages the thickest. A glance at the
map will show that it extended over practically the whole of the
state and is at present the superficial drift sheet of more than
halft of the state. Tt ranges in thickness from zero to more than
100 feet. In places it is believed to reach a maximum thickness
of nearly 300 feet and averages nearly 100 feet for the entire



PLATE XXXVI. Plaut near Moravia, lowa, showing method of manufacturing surface clays.
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state. The upper portion of the Kansan is more or less com-
pletely oxidized to a red-brewn or yellow-brown and is theroughly
leached of its lime in the widely diszeminated form and as con-
cretions. It may still contain some lime pebbles and bowlders.
The thickness of the oxidized portion varies from: a few feet to 20
or 30 feet and when fairly free from gravel and howlders can be
used for the manufacture of common brick and tile.  Some
attempts have been made tc utilize the unoxidized Kansan drift,
with unsatisfactory resuits. Topographically, the Kansan drift
area is characterized by being much stream dissected. The drain-
age lines are mature, and generally the small fributaries have
almost perfectly drained the divides. No ponds or lakes ave to
be found away from the immediate vicinity of the larger streams.
The land comprised in this area. is considerably broken.

THE ILLINOIAN.

The drift prcduced by the Illinoian ice invasion. is limited to
a comparatively small avea and constitutes considerable portions
of Scott, Muscatine, Leuisa, Des Moines and Lee counties. The
drift materials are not very different from those which constitute
the Kansan and possess the same advantages and the same disad-
vantages when viewed from the standpoint of the clay worker.
They have not been developed to any extent in Towa, yet the oxi-
dized, leached portion could undoubtedly be successfully used in
the manufacture of the common clay wares.

THE IOWAN.

The Iowan drift occupies about 10,0)0 square miles of the
northeast quarter of the state. It is hounded on the west by the
Altamont meraine, which passes in a southerly direetion through
the western portions of Worth, Cerro Gordo and Franklin coun-
ties, east ¢ the middle of Hardin county, and on the south by a
series of finger-like loops, the various fingers extending into
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Poweshiek, Johnson, Cedar, Scott and Clinton counties. The
eastern boundaries are also irregular, lobes extending into Jones,
Dubuque and Clayton counties, a more or less even line across
the northwest corner of Fayette, southwest corner of Winneshiek,
cutting the northeast cormer of Howard county to the state line.
The Towan drift is characterized by large numbers of red and
gray granite howlders, many of which are of gigantic size. The
finer materials rarely exceed 10 or 15 feet in thickness and when
unweathered contain a considerable amount of lime. The weath-
ered portion of the Towan and the wash from the Iowan is often
sufficiently free from lime to be serviceable in the clay indus-
tries. It has not been developed to any extent along those lines.
Topographically, the Towa drift surface is but slightly broken and
presents an even, monotoncus plain known as the ‘‘Towan drift
plain.”’

Delawware County.—The Towan drift covers the major portion
of the county and in places is sufficiently free from: lime and other
impurities to be used in the manufacture of comnmon brick and
tile. At Manchester the brickyard of C. H. Mattox, located on
top of the hill in the eastern part of the ci ty, has been operating
for more than one-third of a century. The clay bank developed
shows the fcllowing materials:

FEET
3. Soil, very sandy in parts ... ... e e 1
2. Clay, sandy and pebbly, yellow....... ... ... 3
1. Clay, yellow to brown............. ... 6

Number 1 contains sharp sand disseiminated throughout and
in pockets, and occasionally a pehble. Below the base of the cut
there is about sixty-five feet of blue drift clay; limey in the upper
portion. The Niagara limestone lies below: the heavy till. Com-
mon brick only are manufactured at the present time.

THE LOESS.
Beyond the borders and overlapping some of the drift sheets,

a fine, evenly sorted material has been deposited. Such deposits
84
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appear to be almost structureless and while easily eroded or re-
moved by running water, possess the property of maintaining ver-
tical embankments, even assuming the magnitude of cliffs as may
be seen facing the Missouri river. When examined closely, it is
found that the materials composing such deposits are clay, silt
and fine sand, exactly identical with those materials found in the
unassorted bowlder clays which preceded them. Sometimes one

F1g. 74. Pit of the Muscatine Pressed Brick Company, Muscatine, lowa.

and sometimes another of these constituents predominate. As a
general rule there is a gradual increase in the sand element from
the surface downward, the deposit often terminating im a bed of
fine sand. This material is known as the loess. The distribution
of the loess appears to be independent of the local topography.
It is usually thickest near the brow of the hills and bluffs, along
the principal water courses, especially those bluffs which face
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west, and thins gradually toward the divides. The deposits also
become less arenaceous in character toward the water sheds. The
loess often contains the well preserved remains of arid region
gastropods, root casts and lime concretions. Some of the last
assume curious and fantastic shapes, the Germans calling them
Loess-Puppchen and Loess-Médnnchen because of their fancied
resemblance to dolls. The lime balls when present usually occur
in a zone some feet from the surface and can generally be avoided
when the clay is used in the clay industries. The loess covers
more than one-half ¢f the surface of the state, and varies from

Fra. 75. Brick machine used in the manufacture of soft mud brick. William Samuels yard,
Muscatine, Iowa.

total absence to twenty or thirty feet and exen exceeds one hun-
dred feet in thickness along the Missouri river. It affords an ex-
haustless supply of material suitable for the manufacture of brick
by the soft mud, stiff mud or dry press process, drain tile and
burnt clay ballast. Tt is the cheapest of clays to work, requiring
neither dynamite nor pick in the pit and often receiving no pre-
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liminary grinding, crushing or pugging before being introduced
to the brick machine. A large majority of the brick plants in the
state draw their raw material from the loess.

The Red Clay.—Several fairly distinet types of loess have been
recognized in Towa, hut =i are believed to be genetically related.
The most important deposits are known to be younger than the
Kansan drift and are clder than the Wisconsin. Perhap, the
oldest type occurs in the southwestern portion of the state aud is
knoww as the red clay or ‘‘gumbo’ and has been quite fully de-
scribed by Udden ivn his report on the Geology of Pottawattamie
County.* The red clay quite closely resembles physically the
younger phase of loess which covers it, but is less porous, and has
been thoroughly oxidized and leached. On drying it resembles a
joint clay, breaking into & numbern of angular fragments. Occa-
sionally, but not commonily, it contains drift pebbles in the lower
portion. TIts immpervious character appears to be due to a slightly
higher percentage of clay particles but more especially to the
interstitial depcsition of fine ferruginous material throngh the
agency of the ground water. So far as known it is free from
organic remains and its origin and taxonomic relations are not
well understood. KExposures are not common and the red clay
has not been developed in the clay industries. The close relation-
ship hetween the red clay and the younger loess is clearly shown
by an inspection of the following table, which is taken from Pro-
fessor Udden’s report. It is estimated that the loess constitutes
95 por cent of the red clay. !

*Iowa Geological Survey, Vol. XI. pp. 255 to 258.
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The Gumbo.—In the southern portion of the state, away from
the great rivers, the gumbo is gray to drab in color, and while
believed to belong stratigraphically with the loess, it is more
plastic and less porous than the loess which covers it. When
damp, but not wet, it presents a mealy appearance which is quite
deceptive as tc its real character. As in the case of the red clay, it
rarely carries pebbles. Small lime balls are often present, but are
usually not so large or so numerous as those in the loess. The
inland type of gumbo rests directly on the ferretto zone of the
Khansan and attains a thickness of ten feet. It is possible that
the red clay and the inland gumbo may be phases of the same
deposits. ‘

Burnt Clay Ballast.— The red clay and gumbo are not of prac-
tical interest to the brick maker because of their excessive shrink-
age. The gumbo, with the close-textured loess which covers it
in a number of counties in southern Iowa, has been developed
quite extensively at a number of points for the manufacture of
burnt clay ballast. Two companies are actively engaged in this
work at the present time. The Davy Burnt Clay Ballast Com-
pany, whose home office is in IKenosha, Wisconsin, and the West-
ern Ballast Company, with home cffice at Aurora, Illinois. The
first company has yits at Selection and Corning, while the second
is operating at Nodaway, Adams county. The methods used are
essentially the same. The material used crdinarily comsists of
the superficial loess with the gumbo below. Occasionally an
alluvial clay is used, as was the case near Cuba, in Iowa county.
‘Whatever the material used certain physical properties are essen-
tial to insure satisfactory results. The excessive shrinkage men-
tioned which is fatal to success in the manufacture of ordinary
clay goods is not only a desirable quality but is essential to the
economic manufacture of burnt clay ballast. The extraordinary
shrinkage causes the gumbo masses scooped out by the ballast ma-
chine to partially disintegrate nnder fire, at once facilitating an
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equable distribution of heat, which makes uniformity in burning
possible and prevents the overheating and consequently the pro-
duction of unwieldy glassy bowlders and clinkers. The product
when successfully burned consists of fragments fairly uniform
in size and requires no further treatment preparatory to use. A
second quality, while not so important as the first, contributes

Fra. 76. Burnt clay ballast machine used by the Davy Burnt Clay Ballast Company.

very largely to economical production. The clays best adapted
to the manufacture of burnt clay commonly contain high per-
centages of fluxes. The upland gumbos in particular, which yield
the best results, are, on account of their impervious nature, almost
wholly unoxidized and unleached. The high percentages of fluxes
and the extremely fine textures of the gumbo lower the fusibility
and obviously reduce the cost of burning.

The upland type of gumbo has a wide distribution over the
southern half of Towa. It is commonly present on the divides
between nearly all of the more important drainage lines and
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varies in thickness from a thin veneer or total absence to twenty
or even thirty feet. The superficial portion is charged generally
with humus and stained a gray-black in color when wet, to lighter
shades when dry, and grades downward into an ash-gray to blue-
gray, pebbleless and almost gritless deposit. The monotony of the
lower portions is broken ocecasionally by almost white blotehes
of lime.

The methods used by the Davy company in the manufacture of
burnt clay are very simple and very effective. Some five or six

Frg. 77. Coaling machine used by the Davy Burnt Clay Ballast Company.

feet of the surface materials are used. A car mounted on trucks
and equipped with a pair of steami shovels working from two
extra long booms extending out at right angles to the car consti-
tute the excavating or ballast machine. In opening a pit a wind-
row of combustible material, usually old ties, bridge material and
other refuse, is placed at the margin of the area whiech it ig pro-
posed to exploit. A track is laid in front upon which, the ballast
machine operates. The steam shovel cuts a trench as it moves
ahead, depositing the remocved rmaterials on the row of wood on
the opposite side of the trench by the scoop running out on the
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boom and dumping. The excavating car is followed by a coaling
car which consists of a traveling scoop or dredge much on the
same principle as the steam shovel which bI'iﬁgs the coal to a belt
conveyor, which in turn deposits a thin layer of coal evenly over
the fresh clay ridge. The track is set back fromy the trench and
the steam shovel cuts a new swath tramsferring the material
across the trench and depositing it evenly over the preceding
layer. This in turn is followed by the coaling machine and the
process is repeated over and over again. The first layers are fired
and the fire passes from one layer to another, the process being
continuous when once well under way. The amount of coal added
is intended to be sufficient to burn all or nearly all of the clay,
but not to fuse it. The value of the ballast depends very largely
upon the perfection of the burning. If underburnt the clay slakes
and becomes slippery when wet. If completely fused it adds to
the expense of distribution. The product of a successful burn
consists of fragments more or less uniformly sized, and may be
considered an artificial gravel. The nsual way of handling the
ballast when sufficiently cuoled is to lay a track om the opposite
side of the pit from the ballast machine and coaler and use a
steam shovel. Flat cars are loaded in this way or may be loaded
by hand. Thus wlen the plant is in full blast loading and re-
moval follow closely trenching and coaling. Steam coal, slack
and wmine waste only are used for burning after the initial kind-
ling. For econcuiical working the pit usually ranges from one-
half mile to a mile in length. The methods used in the distribu-
tion of the ballast along the right-of-way are the same as those
practiced in the distribution of gravel and crushed stone. In
addition to the nse ofl burnt clay for railway ballast, it hids fair
to serve as a substitute for cinders and gravel in filter beds, and
.for gravel and crushed stone in concrete and highway work.
When the ‘““good roads’ miovement assumes a more practical
form the wealth of raw materials suitable for the manufacture of
buint clay may receive the attention their importance merits.
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The Iowan Loess.—The most important loess deposit is known
as the Towan lcess. It closely fringes and is supposed to be closely
contemporaneous witly the drift sheet of that name. TLe Jowan
loess forms a veneer over the older silt and clay deposits men-
tioned and has the greatest superficial extent of any deposit in the
state.

Fra. 78. Stratified loess, in clay pit of Sieg and Size, west of Marshalltown.

The Iowan loess forms an uninterrupted deposit from Lyon
and Osceola in the northwest around the Wisconsin lobe to
Jasper and Marshall counties, closely fringing the front of the
Towan drift to Johnson and Cedar counties. The Towan loess also
margins the Towan lobe on the east. While its continuity is un-
broken, the Towan loess presents quite different phases for the
different portions of the state. The Missouri river type carries
more fine sand and silt than is characteristic ¢f the inland and
the Mississippi types. The first type has been developed most
extensively at Council Bluffs and Sioux City. The Besley pit
at the former place expceses some fifty feet of loess usable in the
clay industries. The bulk of the deposit is made up of particles
varying from one-sixteenth te cne-thirty-second of a millimeter
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Prate XXXVIL Clay pit of the Kelly Brick and Tile works. I, represents the loess, and 2, the
isconsin drift. .
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in diameter, less {han iwo per cent consisting of fragments exceed-
ing one-eighth of a millimeter in diameter or smaller than one-
one hundred twenty-eighth of a millimeter in diameter. It is
highly porous in character and breaks along vertical fractures,
rarely showing any traces of bedding planes. The prevailing color
is a grayish-yellow. to a pale straw yellow. It does not possess
sufficient plasticity to work well in the manufacture of hellow
ware. It yields a fair grade of brick manufactured by soft mud,
stiff mmd or dress press process. Considerable difficulty is ex-
perienced in drying the ware to prevent air checkiﬁg. Consid-
erable lime is present in the widely disseminated state and as
gastropod shells but few concretions are present. Local excep-
tions are numerous where lime occurs in sufficient amount to
render the deposit nseless. Tlhree samples were selected from: the
Besley pit, believed to be representative of the top, middle and
lower portions. Complete chemical and vational analyses are
given below:

TOP. MIDDLE. BOTTOM.

Silica......oc... i . ... B7 15 68.22 71.76
Alumina ... ... . .. 6255 10.21 10 12
Combined wa'er ... ... .. 2.03 1.52 2 A

Clay and sand ........ . ... .. 75 73 79 95 84 82
Ironoxide.. .o 3.83 2.87 2.40
Lime. . . ... 7.36 3.90 2.52
Magnesia ... - . 3.15 3.16 3.29
Potash ... : fierie e eeeeen .55 .58 .47
Soda ... .. : .. 189 1.68 1.59

Total fluxes ... ... ...... 1678 12.19 10 27
Moisture. ... ... 1.05 .62 1.52
Sulfur trioxide.... ... ... .. . 0.9C 1.45 1.76
Carbon dioxide ... e e 5.53 5.86 1.86

RATIONAL ANALYSES.

Clay substance.. .. ... ....... 26.51 19.72 27.37
Feldspar. o o 28.34 25.74 19.32
Quartz. ... . 3277 40.29 46.09
Magnesium carbonate. .. G 15 6.63 ... .
Calecium carbonate. ... ...... .. 4.70 5.16 4 25
Calcium sulfate. ... . ... .. 1.53 2 46 2 97

100.00 100 00 100.00
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It will be noted that all are highly siliceous, ranging from 67.15
to 71.76. 1t is also apparent that they run low in alumina and
comparatively high in lime and magnesia. Sufficient iron is pres-
ent to give a fair cclor and the high percentage of fluxes causes
the ware to melt at a reasonable temperature, notwithstanding the
high silica contained and the comparatively coarse material.

Council Bluffs is the largest user of surface clays in the manu-
facture of brick. The Sioux City material is essentially the same
although analyses have not heen made. Practically every county
in the state where the Towan loess occurs ccntains one or more
clay plants using it, which have developed it. At Council Bluffs
most of the ware is made by the soft mmud process although a lim-
ited number are turned out as stiff mud brick. In Guthrie county
the usual inland type of the Towan loess prevails over the south-
ern and eastern portion of the county; northeasterly it passes
under the Wiscensin drift. It has been worked at a number of
roints. At Guthrie Center the pit opened by Mr. W. E. Berry
may he taken as fairly 1e¢presentative for the distriet. It is
adapted to all of the common processes of brick making and
would undoubtedly yield a good face brick. An analysis is given
below.

SHlICA to e e e e e e
Alumina

Manganese oxide ... ... . —
Potash ... i e e s e e

Total luxes....... cooece ovvees oo e e e e

MOTSEUTE. oo et s e

It is obwvious from a casual inspection of the above amalysis
that the Guthrie county type is less siliceous, contains a lower
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percentage of lime and magnesia and is considerably ligher in
alumina and iron. It burns a pale color and is much more plastic
than the Missouri river type and gives good results in the manu-
facture of hollow ware. In this region the loess varies from total
absence, where it has been removed along stream: ways, to fifteen
or twenty feet thick near the hill fronts and becomes gradually
thinner as the divides are approached.

In Adair county the loess is even more siliceous than the Coun-

cil Bluffs type. The lcess covers the entire county save where it

s

F1a. 79. Loess occurring over stratified drift in the pit of the Le Mars Brick and Tile
Company, Plymouth county, [owa.

has been removed by the streams. It varies from a few feet to
thirtyl feet in thickness and is used at a number of points in the
manufacture of clay wares. It is usually quite homogeneous and
free from impurities. Occasionally it carries small calcareous
concretions and a few gastropod remains. At Bridgewater the
Gillette brickyard, located just south of the pit, is developing the
loess. Under the soil, which is usunally removed, lies a gray joint
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clay which is used in the manufacture of common bﬁek. An
analysis of the clay shows the following constituents:

SHCA caeeeee oo e et e e e 1713
AlUmINA. ... e e e e e o 10075
Combined Water . ... e e e 2.22

S0da.. e e e s 0060

MOISEUTE oo oo e e e 145

Although the amount of iron runs lower than for most of the
inland loess, yet sufficient is present to give a good color to the
burnt ware. The clay is also suitable for making drain tile.

The Towan loess has also been extensively developed in and
around Des Moines, in Polk county. In many cases the locss has
been somewhat modified by drift wash and alluvium. It has been
manufactured by all of the well known pirocesses of brick making.
Modified locss has been used quite extensively by the Dale
Brick Company. An analysis of the average material taken from
the pit is as follows: '

SIlCa oo e e e e et e+ 73 69
Alumina ... oo e .
Combined water. ... ... ... .. ... 3.88

Clay and sand ... o 87.25
Iron OXIAE oot o e . 5.36
Lime ... ......
Magnesia ... e e 1.01
Potash oo e e e e e e 1.27
SOAA i e e e 2.72

Total HUEES ocooove vovieies oo e e 11.89

MOTSEUTE oot it ceree e e oo ere e eeveee e ee et et eem e et caeeenee .71

Clay SUDSLANCE ..iiceies oo e et e 31.30
Feldspar.. 12.47
QUATTZ o e et et et ettt et e s 56.23
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It may be noted that the Dale clay runs exceptionally higl in
silica and quartz sand and is comparatively low in alumina and
magnesia. 1t also runs high in the stronger fluxes, soda and pot-
ash, and notwithstanding its high siliceous percentage burns at a
reasonable temperature. It also runs high in iron and assumes
a deep cherry red when burnt. The ware gives good satistaction
as face brick and is used extensively as a trimming for interior
finish and has been adopted as a vencer for many railway build-
ings along the Rock Island and the Northwestern railways.

Fig #0. Pit ot C. B. Bentley & Son, one mile east of Tama, lowa.

In the manufacture of dry press brick the Towan loess has heen
most extensively developed near the lowan drift margin at Glad-
breok, in Tama county. Two large factories have been using it at
this point for a number of years. The loess area varies from
ten to twenty feet in thickness and while all the inland type car-
ries a higher percentage of the coarser materials than the loess
in the southern tier of counties, it contains a sufficient amount of
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flux to insure burning at moderately low temperatures, and is high

enough in ivon fo yield a good color.

An analysis of the loess

selected from the pit of the Gethimann Brothers is as follows:

F1a. 81. Plant of Gethmann Brothers Pressed Brick Company, Gladbrook, Iowa.
SIHCA oo et e e s 67.92
AlUMING oo o i e e e 11.76
Combined Water ... ..o e e e 5.36

Clay and sand ... . e 85.04
Iron ORIA€. . o e e 6.72
LAM@ oo s e e et e e 1.63
MAa@DESIA ..ot s e e 1.18
Potash. o v e e et e 1.87
SOAA oo e e e e e e . 1.92

Total HUXES. oo e e e e e e 13.32
MOTSEUTE (oot e et e e e e 1.49

RATIONAL ANALYSIS.
Clay substance ... ... i 39.90
Feldspar......... - 19.80
QUATTZ o e e e e 40.28

99.98
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Certain portions of the loess contain a higher percentage of the
finer constituents and are sufficiently plastic to be used in the
manufacture of drain tile. As in practically all of the loess, con-
siderable care must be used in drying to prevent undue loss by air
checking.  Both of the Gladbrook factories gather the clay and
dry it in the samne way. The pit covers quite an extensive area, is
plowed and permitted to weather a few days; is then collected by
autcmatic loaders, hauled to the factory by teams, dumped into a
hopper-shaped chute, from whenee it 1s elevated into storage
sheds and kept until most of the moisture has been evaporated.
It is then put through rolls, elevated and screened, and condncted
to the diy press machinery. The product is uniform' in char-
acter, of good color and gives good service as face brick and struc-
tural brick.

The loess in. Warren county is of the inland type and is being
used at a number of points for common building brick and drain
tile. Twc samples selected from the pit of the Indianocla Brick
and Tile Company were analyzed by Professor (. K. Patrick.
The first sample was taken near the surface, just below the soil,
while the second is dark gray in color and is found below the
upper vellow loess. The results of the analyses are given below!:

No.1l. No. 2.
SHlECA et e e e, 72.24 63.31
Alumina ... ) 16.51
Combined water ... 3.33 6.89

................................................. 88.15 86.71

Clay and sand

Tron oxide ... 4.02 4.06
Lime oo - e e e 1.40 1.11
MAGNESIA oo i i e e .99 1.10
0.49

.96

2.20

Total AURES o e 10.55 9.92

MOISEUI® oo o oot s e e e 1.70 3.76
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It will be noted that the upper loess is more highly siliceous
and is peorer in aluminmn than the lower. The lower clay is
slightly pocrer in the fluxing constituents but slightly more
Plastic. The chief output of the plant is common building brick.

THE WISCONSIN,

The Wisconsin drift forms a tongue-shaped lobe whose apex

extends well down past the middle of the state, Capitol Hill, in

)
Des Moines, marking ite sciathern extension. The Iobe loops to
the westward to the middle branch ¢f the Raccoon river, in Dal-
las and Guthrie counties, continues diagenally acrossg Carroll,
threugl Sae, Buena Vista, (‘herokee and O’Brien counties, loop-
ing back to the middle of O’Brien and Osceola ecunty line and
then northwesterly across the corner cf Liyon county to the Min-
nesota line. The eastern limits have already been given as the
Altamont moraine. The Wisconsin is characterized by large
numbers of bowlders of varicus sizes, many of which are cal-
careous in character. The drift carries a large quantity of gravel,
lime concvetions and lihme in the widely disseminated form. In
the vieinity of scme of the old lake beds and =ome of the draws
and ravines, the wash from the drift has accumulated to depths
of several feet and 1s faivly tvee from the bowlder and line impu-
rities,and is easily wrought intothe cheaper grades of clay wares.
The Wisconsin has been developed with varying degrees of sue-
cess at a number of points. While it is no better adapted for the
manufacture of clay products than materials derived frem the
other drift slieets, the demand for clay goods has been greater be-
cause of the scarveity cf shales in the distriet and because of the
grcal demand for drain tile, cwing to the undrained character of
the surface. A casual inspection ¢f the map will shew the great
scarcity of drainage lines. The larger systems only being out-
lined, and the map shows a remarkable scarcity of the smaller
tributaries. The Wisconsin arca is the region of the Towa lakes,
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and a line so drawn as to take in all of the lakes and ponds of
mapable size will approximately coincide with the limits of the
Wigconsin drift. Because of the great demands and the relative
scarcity of suitable material for the manufacture of clay goods,
mere persistent efforts have been made to utilize the Wisconsin
than have been made toward the utilization of any other drift
sheet.

Buena Vista County.—Russell Brothers of Stoimy Lake are de-
veleping modified Wisconsin drift. Their plant is located about
one-half mile east of the Illinois Central railway depot, north of
the railway track. The clay is obtained in the immediate vicinity
and consists oft a surface wash of silt and clay, free fronv gravel,
and fimestone concretions are not common, Below the black loam
1lie vellow clay bears a blotchy appearance due to the presence of
partially weathered pyrites. The clay averages five to six feetiin
thickness and resembles a gumhbo. It is very similar to the ma-
terial used in the manufacture of brick and tile at Dysart, in
Tama county. A chemical analysis was made and the results are

given below':

[S3 ST SO U SOUU USSR 66.44
ATRIITIA oot oo ee et et eeeee en s - 12.64
Combined WatET ..ot oo s even crmeeneneerens w083

TOtAl FIXES (oot s 12.86
Moisture.......... et e e e e e e 2.33

Clay substance.................. ... s e e 38.80
FeldSpar ... - e e e e 24.84
QUATEZ. .. oo eee ot et e s e s 36.36

100.00
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It will be noted by a casual inspection of the analysis that the
clay 1s relatively high in silica and lime and low in alumina. In
this respect it closely resembles the loess. It is also high in feld.
spar, another character ccmmon to the loess. Drain tile is the
principal product, although a few common building brick are
manufactured. )

Clay County.—The Spencer Brick and Tile Works is located
about a mile and one-half north of the station of the Chicago, Mil-
waukee & St. Paul railroad, between the Little Sicux river and
the Spirit Lake Branch of the railvroad. Tormerly brick were
made by hand, but at the present time a stiff mnud machine is
used.  Great cave is required to prevent checking in drving.

The pit section 1s as follows:

FEET.
4. Soil, black grading into brown and calcareous be-
Lo e e e 3%
3. Clay, gray to yellow, clouded...........coiooii i 2%
2. Clay, grayish, plastic, jointed ..o 14
1. Clay, drab, sandy in lower part ... ..o oot i, 19

With the exception of a thin layer cf soil, the entire section is
utilized. Considerable care is exercised in the removal of lime
concretions which are present in small quantity throughout the
section. Number 2 is decidedly loess-like and the entire series
resembles altered upland maderial. The loess-like member was
analyzed and the results are as follows:

I3 U T OO 52.42
ATUIMINE e et oot ies e e eeenens e 13.04
Combined Water ..ot oot s e e 4.06

Clay and sand ... ... oo e e e 68.52
Iron oxide................ et et et e ean et ean e e n et e ae e 6.24
Lime......... 7.98
Magnesia. 2.24
Potash...... 1.41
1S 1o Y - TSP R R 2.67

Total AUKES oo et e e 20.54
Moisture............. ... .. 2.67
Carbon dioxide 7.51
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The analysis does not show any marked loess-like affinities save
in the low percentage of alumina. It is much lower in silica and
carries more of the carbonates than is usual in the loess. During
wet seasons some difficulty is experienced in keeping the pit dry
enough to werk the entire section. -

Pocahontas County.—The Wisconsin drift has been most ex-
tensively used at Fonda at Straight Brothers. The raw clay is
obtained from a pit immediately west of the factory, which is
located opposite the Illinois Central depot. The pit shows typi-
cal Wisconsin drift with its characteristic gravels, bowlders, lime
concretions and all.  The clay has been worked to a depth of over
twenty feet, pumping being necessary te keep the pit dry during
certain seasons of the year. The soil and jartially oxidized vel-
fow bowlder clay comprise about two-thirds of the section, the
gray blue to blue clay making up the lower one-third. The ma-
terial is plowed, allowed to weather and dry out more or less; is
then loaded into cars by means of horse serapers, after which it
18 drawn to the factory by a tail rope. The clay is carried by
means of a belt conveyor to the clay working machinery, which
cengists of a nine-foot Eagle dry pan in which the mullers are
suspended so as not to pulverize the gravel and lime concretions
too fine. The gravel is removed by a shovel andl thrown into an
elevator which conveys it to a slumming box fitted with an auger
pugger and screens. The finer clay and soot particles rise and
float off into a chute, are elevated and sent back to the pug mill.
Tl:e part which passes through the dry pan is elevated and passes
from a fine mesh inclined screen. Secreenings are led directly to
the combined brick and tile machine. Tailings pass into the slum-
ming hox as is the case with the tailings from the dry pan. Both
brick and drain tile up to eight inches in diameter are manu-
factured, the ware giving good satisfacticn. It burns a pale red,
quite similar in color to the product from the Devonian shales at
Masen City. It is strong and little loss is sustained through air
and five checking.
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Numerous attempts have been made to develop the Wisconsin
at other points but usually without taking the precautions of
removing the gravel and lime coneretions. The results have been
variable, never wholly satisfactory and numerous failures have
been recorded.

Clay woerks using modified Wisconsin drift have been in continn-
ous operation; at Jewell Junction, Hamilton county ; Manson and
Lohrville, in: Calhoun county ; Sicux Rapids, Buena Vista, Kagle
Grove, in Wright county; Livermore, in Homboldt county; and

Spencer, in Clay county. The miethods used are very similar to

those at Storm Lake. Unaltered Wisconsin dvift can not be used
with a reasonable chance of success unless the same precautions
are observed as those at IFonda in its use. Numerous areas can
be found, doubtless, of Wisconsin drift where the pebbles, bowl-
ders and lime coneretions have been largely removed, as is the
case at Stormy Lake and Jewell Junction, and in such cases the
clays will respond satisfactorily to the treatment ordinarily ac-
corded surface clays. Considerable loss may be expected during
the process of drying and some logs perhaps during burning, but
the great demand with the consequent high: prices ought to stimu-
late the growth of the industry wn the counties covered by the
Wisconsin drift. Large plants have been established recently
at Estherville, in Eimet county, and at Britt, in Hancock
county. Others will be organized in the near future. In addition
to the deposits which have accumulated in the depressions of the
lake bed type, as at Storm: Lake, less important deposits may be
found along small ravines and draws, along the larger drainage
lines, as alluvium and the so-called ‘‘white oak’’ soil which face
some of the more important streamways. The first will be de-
scribed here, while the latter will be described under the head of
Post-Wisconsin deposits.

It is a well known fact that the finer particles from hilltops
and slopes slowly gravitate toward lower levels. This change of
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position may be initiated and doubtless is accentuated in times
of freshets, but even gentle rains facilitate the downward move-
ment until eventually these finer materials find lodgment on the
lower hillslopes and ravines, where they are in more or less
stable position. This is a natural slumming process, the coarser
materials being left behind. They often show some evidence of
sorting and stratification, proving that running water has nhad
something to do with their depositicn, while in other places no
structural features are apparent. They are alwayvs of heterogene-
ous character hoth chemically and mineralogically, showing their
descent from several different kinds of rocks and also evidencing
their temporal character. Such clays vield readily by the soft
mud process and have been used stiff mund at Kagle Grove and
lowa Falls, both for brick and drain tile.

POST-WISCONSIN.

Deposits of clays and silts, younger than the Wisconsin drift,
are found along the larger streamways and on many of the bluffs
facing the larger streams. The former are known as alluvial
deposits, while the lafter are believed to have been accummlated
through the agency of the wind. - Both are very heterogeneous in
character both mineralogically and chemically and are composed
of fine sand, silt and clay, the first two oftentimes comprising
more than half of the entive bulk. Alluvium is found along all
those streams which have built flood plains for themselves and
varies in thickness fromi a few inches to a nwuber of feet. Tt is
easily obtained and yields readily to the simplest processes of the
clay worker. In Tewa the alluvium affords the raw materials for
the manufacture of soft mud brick only. On account of the high
percentage of fine sand, it is usually short, dries easily and
shrinks but little where the clay and silts greatly predominate.
The alluvial deposits can not be used alone, because of the high
shrinkage during drying and the attendant loss through check-
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ing. The short alluvial clays when blended with miore plastic
materials may be used by the stiff mud process in the manufac-
ture of common brick and hollow ware. The older alluvial depos-
its are usually found on terraces or benches above the present
stream flood plain and are often knowm as the second bottom
deposits. They are very similar in character to the modern allu-
vial deposits and ave treated in the same way in the manufacture
of clay goods.

The wind deposits flank most of the larger streams of the state,
usually on the cpposite side from which the prevailing winds
blow. They are commonly quite highly arenaceous to silty, gray-
brown: deposits and are devoid of pebbles and bowlders. They are
of mixed chemical and mineralogical compositions but are highly
siliceous. The deposits obtain a thickness from: five to ten feet,
often not exceeding one to three feet. They attain their maximum
thickness on the brow of the bluffs and thin quite rapidly inland,
rarely being recognizable more than a mile frem the bluffs’ scarp.
They are often known locally as white oak soils because that very
well known and desirable species of cak finds in them a con-
genial host. The deposits are thoroughly oxidized and leached
and structural or bedding planes are absent. The coarsest ma-
terials which enter into their comiposition are found nearest the
flood plain and the size of grain diminishes gradually as the
deposit feathers out away from the river. The source of mate-
rials and the transporting agent are not difficult to apprehend.
The process of accummulation is gcing on today. Winds sweeping
across the broad flood plain gather up such miaterial as can be
transported and move it towards the restraining bluffs. Only the
very finest materials are given continuous passage for any con-
siderable distance, but through successive short excursions the
coarsest silt particles and fine sand grains eventually reach the
brow of the bluffs and are deposited in the reverse order of their
fineness. The position of these deposits 1s determined essentially
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by surface contours. When crossing the valley the wind impinges
against the hill flanks, is deflected upward and coming in contact
with the still air above, loses velocity and being unable to carry its
Icad further, deposits it over the brew of the hill. In this loca-
tion its position is reasonably secure, although the entire assem-
blage of deposits possesses proclivities of the sand dune and may
progress bodily inland. This process of wind transport and
accumulation of materials may readily be witnessed during early
spring and late autumm, when large tracts of bottom land are un-
protected by vegetation. Dust storms are commlon and often
during a, single storm a measurcable depcesit is acemnulated. If
this be true now, how much greater must have been the efficiency
of the winds which blew across the wide flood plains before
vegetation had time to reclaim the valleys sc recently vacated by
the various ice sheets. The .plrevai]ing winds in Towa during
spring and fall are fromi the west, and hence the greater accumu-
lation of aeolean deposits are an the castern flank of the streamns.
Structurally, texturally and in composition and distribution, there
is a remarkable resemblance between these wind accumulated
depiosits and the loess. Both are essentially devoid of stratifica-
tien: planes, possess similar compositions and textures and arve
highly siliceous, and bear the same relationships to the chief water
courses along which they attain their maximwn development.
The wind deposits have been used at a number of points for the
manufacture of commlon soft mud brick. These deposits with
alluvium may be counted on as a source of raw materials suitable
for the manufacture of clay wares in the Wisconsin drift area.
The supply, however, is somewhat limited and in this territory
the deposits rarely excced more than two o1 three feet in thick-
ness. Outside of the Wisconsin the deposits attain much greater
thicknesses and have been accumulating, deubtless, for a much
lenger time than since the retreat of the Wisconsin ice.
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