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EARLY GEOLOGICAL WORK. 267

INTRODUCTION.
LOCATION AND AREA.

The country to be described in this report is of interest to
the layman as containing the capital city of the state and to
the geologist as being located at the apex of the Des Moines
lobe of the Wisconsin ice sheet. It lies slightly southwest of

‘the center of the state and is bounded by Boone and Story
counties on the north, J asper and Marion on the east, Warren
on the south and Dallas on the west. Of these regions Boone
and Warren counties have been previously described by Dr. S.
‘W. Beyer* and Prof. J. L. Tiltont respectively. Polk county
is the meeting place of the formations described in these
‘ _repdrts. The county includes the usual sixteen congressional

- townships with 586 square miles; an area divided into twenty
- eivil townships as shown upon the accompanying map.

Physmgraphmally, it lies mainly in the valley of the Des
Moines river and within its limits the Raccoon joins the latter
“stream.  The northeastern portion of the area belongs to the
~ valley of the Skunk river and that of 1ts trlbutary, Indian
creek. : »
PREVIOUS GEOLOGICAL WORK.

: The early establ1shment of a mlhta,ry post at the juncture
of the Des Moines and Raccoon rivers led to the region being
~ visited from time to time by various geologists in the employ
'of the national government Many of these expeditions were
more especially directed to the accomplishment of geograph-
~ical or military. purposes Such was that led from the fort to

. - the source of the Des Moines river by Capt. J. Allent in 1844,

~ though the incidental topographic and geological notes given

~ in the account of this expedition are very suggestive.
Information more direct_ly geological may be obtained from

the report of the expedition of J. N. Nicollet.§ In it is

*Jowa Geol. Survey, vol V pp. 175-239

+Ibid., 301-359.

*Ex. Doc., House of Rep., 20th Cong., 1st. Sess., No. 168, 18 pp.  Washington, 1845—40
§Sen. Doc., 26th Cong., 2d Sess.. V., pt i, No. 237. ‘Washington, 1841,

23 G. Rep.



263 GEOLOGY OF POLK COUNTY.

given a list of fossils collected from the Des Moines river
* above the Raccoon fork by Lieut. Fremont. Knowledge of
the stratigraphy of the region began with the explorations of -
‘Dr. D. D. Owen, carried on in the summer of 1849. In his
tmp up the Des Moines river* he located and described the
principal exposures, recognizing the presence of coal meas-
ures, drift and loess.

Worthent in 1856 visited Des Moines and noted some of the -
exposures near the city.

In the course of the Work of the White survey the eounty
was visited by both Mr. St. John and Dr. White,} though no
detailed survey of the county was made. The drift deposits
within the county have been since written upon by CalL,§ -
McGee and Call, | and Keyes and Call, while Keyes has made
extensive studies of the coal measures and of the paleontol-
ogy. The latter has published numerous papers upon the
region, the more important being referred to in the following .
pages. His studies upon the coal have been summed up in
his general report upon the coal deposits of the state.**

PHYSIOGRAPHY.

TOPOGRAPHY.

Polk county is not a region of strong contrasts. Topo-
‘graphically the region belongs to the type called "‘pr’airie
plain”’ by Powell.tt In a broad way it may be conceived to
be an essentially even plain cut into by river channels. The
evenness of the upland surface can never be lost sight of, and
from any high point in the county one can see the surround-
ing region rising to the same general level. There are no
points of greater altitude and the divides all belong to this

*Jee Geol. Surv. Wis,. Iowa and Minn., pp. 121-123, with plates. Philadelphia, 1852.
, tGeol. Jowa (Hall), vol. I, pt. 1, 170-172," Albany, 1838.

tFirst and Sec. Ann. Rep. State Geolgist pp. 167-176. Des Moines, 1870. Geol. Iowa, vol. II.
‘pp. 261-262. Des Moines, 1870.

$Amer. Nat., XV, 782-784. 1881, . .

Amer. Jour. Sci., (3), XX1IV, 202, 223, 1832.

TProe. Towa Acad. Sci., 1890-1891, 30. . 1892.

*»*Towa Geol. Surv., vol. I, pp. 267-284. Des Moines, 1804, .

++Nat. Geol. Mon., vol. I, No. 3, p. 63. New York, 1895, s



I—— e T

‘the main stream.

TOPOGRAPHIC FEATURES.

general plain. This plain has an altitude at
Bondurant of 975 feet, at Mitchellville of 976,

* at Altoona 966, at Orilla 975, at Ankeny 1,005,

and at many other points occurs at the same

general level. Into this plain the rivers have

cut channels to various depths. The Skunk

at Santiago is about 175 feet below the high

land on each'side. The Des Moines river has

. igut'infrom fifteen to twenty-five feet- deeper.

The minor streams have cut to various depths,
depending on their size and the distance from
- When one examines the topography in
greater detail, certain differences are noted
which ‘at once separate the region into two

‘portions, between which the contrasts are as
- sharp, as constant and as multitudinous as

those between an‘alluvial valley and the adja-
cent uplands.. To the sympathetic student of
land forms, these contrasts of topography are

‘as definite and as full of meaning as are the

- contrasts in fossils obtained from different
formations. The line separating the two areas

~ is marked upon the map of the superficial

deposits as the northern border of the loess,
and runs approximately from south of Noble-

ton through Rising Sun, around-the nose of

Four Mile ridge, across Capitol and West

hills, just noerth of Valley Junction and between
Commerce and Ashawa. The region north of

this line has had a different history from that
which lies south of it, a history differing in the
length of the erosion period and hence shown

in the character of the streams; a history

differing in origin of the surface material and
hence reflected in the landscape. North of

. ) o : “UOT06S 9 JO UOJFOLIIp 61} 0F BurMo PerBIeSSBXe Yonw SI . .
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2700 GEOLOGY OF POLK COUNTY.

the line the general appearance of the country differs radi-
cally from that southof it despite the fact that the surface as
-a whole rises to the same plane and the surface material is in
each case loose detritus. The contrasts are not always so
sharply preserved along the border, and yet, on the whole,
one is constantly struck by their presence rather than by their
- absence. There are few places where the contrasts between
the two drift sheets are 8o excellently shown and so readily
studied as at Des Moines.

NORTHERN AREA.

In the northern portion of the county the prevailing land-
scape is flat. The divides are broad and have practically no
slope. Thisis well shown in crossing the divide between Four
Mile creek and the Skunk river. In the region near Bondu-
rant is a broad even surface of immature drainage. - Only the
- faintest contrasts in elevation are noticeable. Thesame type
of upland is shown between Mitchellville and Altoona and may
be readily examined in its most typical aspect near Ankeny.

As seen at the latter point especially, the presence of swales -
and inter-swales is quitestriking. It givesatopography which
may be called a saucer topography, since the low circular,
grass-grown and often water-holding swales are similar in out-
line and cross-section to shallow saucer-like depressions. The
higher portions of land between the swales are almost the
exact reverse of the latter; being low, v‘erfy gently rounded
hummocks. The swales vary in diameter from mere depres-
sions a dozen feet across to well defined basins, often holding
ponds and, in regions a little farther north, small lakes. Over
such a surface there are no drainage lines. Many, indeed most
of the ponds, have no outlets. i

While the saucer topography is characteristic of the region
covered by the Wisconsin drift, and indeed is not known to
occur south of its limit, other phases occur with it. Tn the
region near Kelsey there.is a bit of rather rough country.
The hills are of considerable height, irregular form, and are
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“Tes Marnes

independent of thé -streamways. The Z
drainage conforms to the hills rather than £
forms them. Drift seems to be the mate- éﬁs Cagitol 1l
rials which make up these ridges. It is ég = )
somewhat sandy and full of gravel in the Z;?’:% | j Bl ey e
. upper portion and seems to indicate a =% ||
. . : . U’;B‘ .
certain amount of water action. The gen- 253 -—x .
eral aspect of the hills is morainic. Their %
natvlirekwﬂl be described more in detail in E,"i \\ ‘
another portion of the report. “2 Sayfor
- In the northern portion of the county &
the valleys are, as a rule, narrow. In %? [
certain cases they are broad though the g§
streams are unimportant and narrow. In 2% Oralabor
such instances the stream has usually a gg :
- narrow recent valley, with a very mod- <3
erate development of alluvium, winding ga | \ ‘
through the older larger valley. The 28 | finkeny
bi_joad”bott()ms of such a valley, for-exam- i? 1
ple that of the Beaver, is covered by %i
irregularly disposed hills of sand, gravel -
and till in its less typical phases. These 52
hills are low, very gently rounded and §E
often merge into almost terrace-like Zs
forms. The boundary of such a broad %g; .
valley is. ord_inarily imperfectly defined. é;’;: | Crocher
~ The slopes rise with increasing steepness $= f
until they meet the upland plain. The ’;§ \
whole represents rather a long, broad, &g :P
fairly shallow sag in the surface of the §'§ /.
latter. An excellent ‘example of such a °F J Palk ity
~ sag may be seen just north of Highland £§5 { Tundtion
Park or North Hill, and separating the ) ;g
latter from the main upland plain upon &g :_—:\ ,
‘which Saylor station is located. EE —1-
| . fuaen)
i FSheldak]
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It takes but little observation to satisfy one that in this
northern portion of the eounty the topography was not formed
by the present strea,ms, and is, in fact, not a normal erosion |
topography. There is no constant relation between the size
- of the stream and its valley. There are areas of rough, hilly
topography where the streams wander in and out in aimless
fashion.. In such regions especially, and the same is true for
the region in general, the streams have no flood plains or such
as are only very slightly developed. The land forms also
exhibit anomalous curves which are not characteristic of
stream erosion. In short, the land forms are glacial and the
country is in extreme youth. The stream action has only
just begun. The upland plain is barely cutinto. Itiscrossed
rather than dissected by the streams, and the 1atter have
merely cut gashes in its surface.

SOUTHERN AREA.

South of the dividing line mentioned, a very different topog-
raphy is encountered. The surface material is still drift.
The land forms are, hpwever, erosion forms. The saucer
- topography of the northern upland and the hummocky topog:-
. raphy noted near Kelsy have disappeared. =The inter-stream
divides rise to an even surface which is, in a general way, -
level. There are flat-topped divides but these are relatively
narrow. The plain is thoroughly dissected and the drainage
is in early maturity. Much, ho‘wevé_r; of the upland is yet
unreduced and not all of the streams have ceased to cut down
-and begun to fill up. The landscape accordingly marks an
intermediate stage in which the surface is 1argely reduced to
slope. '

The region is crossed from west to east by the broad val-
~ley occupied in part by the Raccoon river and in part by the
- Des Moines river. Numerous tributary streams subdivide the -
area. The larger of these streams, for example Camp creek,
simulate the master streams in having definitely marked allu-
vial bottom lands. Indeed all the streams of the southern
area have developed alluvial plains of greater or less extent.
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Alluvium is found along the lower courses of even the smaller
creeks.  If, for example, one examines West Four Mile he
finds at its embouchere upon the bottom land of the Raccoon
a rather definite flood plain which may be traced up the
stream some little distance. In passing’up stream it becomes
~narrower, takes on more and more slope, and thus by degrees
merges into the side slopes. At a certain stage it is difficult
to separate the flood plain from' the slope. A little farther
“on the flood plain has altogether disappea;red the change
being almost imperceptible.

It is interesting to contrast this with the change which the
flood plain undergoes in the case of those streams which
start upon the Wisconsin drift and flow down upon the Kan-
san. In such cases the alluvial plain, which is broad in the
lower 'portions of the valley, narrows up at once when the
stream is traced back over the later drift border. This is
‘shown in the case of East Four Mile creek and is also marked
on,Spr_mg, Mud, and Camp creeks. The development of allu-
vium along a river is indicative of considerable stability and
a long time of work. New streams rarely have flood plains.
Old ones usually do. The inference, then, is that the upper
courses of the streams mentioned are much younger than the
lower courses. That the disappearance of the flood plain
along East Four Mile is not due to the same causes that have
obtained in the case of West Four Mile is shown by the fact
that in the former it is abrupt; in the latter it is gradual.
The land forms of the southern area, then, are the results of
stream action. They have required a long time for their
development; a longer time than that necessary for the devel-
opment of the northern landscape. The measure of this
“time and the details of the contrast between the two areas

may well be noted in eonneetlon Wlth the description of the
individual streams.
DRAINAGE.

The streams of Polk county belong to two systems, the
Skunk and the Des Moines. By far the larger portion of the
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county is drained by the latter river and its tributaries.
Within the county the valley of the Des Moines‘is separated
into two sharply contrasted portions lying respectively above
and below the mouth of the Raccoon river. The upper valley
is narrow, steep-sided and very recent. The lower is broad,
has a well developed flood plain, usually well rounded sides,
and in fact shows all the marks of an ancient stream. That
portion of the course lying between the mouth of Daily’s run
and the Raccoon riveris intermediate in age, though in topog-
raphy it more closely resembles that along the upper }'eaéhés
of the river. The Des Moines river is a stream of consider-

~

FiG. 40. Des Moines valley, older portion, balow Hastie.. The bluff at the right shows losss
~ ‘over Kansan drift.

able magnitude; somuch so that in early days it was traversed
by small Mississippi river steamboats as far as the mouth of
the Raccoon and even beyond. The bottom land below the -
forks is, as is shown upon the accompanying map, from three
to four miles wide. Its borders are usually well marked, the
hills rising abruptly from 100 to 135 feet above the flood plain.
There is a slight farther rise until the land reaches a general
altitude of about 160 feet above the river. In this portion of
its course most of its tributary streams flow in from the north.
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They include East Four Mile, Spring, Mud, and Camp creeks,
~all of which have already been partially described. East
Four Mile creek is a long stream with a narrow valley. It
has no tributaries of any great length and few that are
branching. Practically all of its course is upon the later
drift. The last two miles is across the flood plain of the Des
‘Moines, and the mile just above is through a relatively broad
and well marked valley which is of preglacial origin. The
uppei'» course is a mere trench across the drift and seems to
be of no great age.

" Spring and Mud creeks have their sources just within the
border of the upper drift in poorly defined valleys. Below
the border they follow well marked valleys and receive numer-
ous small branching tributaries. Camp creek has its source
upon the drift plain between Altoona and Mitchellville and
flows south, reaching the Des Moines just outside of Polk
county. It receives few tributaries though it is a stream of
some size and age. From the south the Des Moines receives
a few small streams of which Yader creek, itself an insignifi-
céant branch, is the larger. The streams,including West Four .
Mile and Elm branch, which flow into the Raccoon river from
the south, are also of small size. The reason for this seems
to be that North river, which joins the Des Moines just below
Avon, has preempted the territory which might have been
drained by Yader, Four Mile and Elm branches. North river
empt1es into the Des Moines below these streams and hence
has a lower outlet. It is an older stream and in the struggle
for territory has succeeded in capturing by far the larger por-
tion of the area between it and the Raccoon-Des Moines valley.

In the intermediate portion of its course the Des Moines
river flows through a narrow valley flanked by high bluffs
mainly composed of coal measure strata capped by loess and
Wisconsin drift. The valley sides are veneered with loess,
and hence this channel is of interglacial and possibly of pre-
glacial age. The river in this part receives no tributaries of
~any consequence. At the upper end of the narrow portion
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there is a broad expansion of the valley marked by a wide
alluvial tract extending from Highland Park to Saylorville.
Within this portion of its course the river receives Beaver
creek from the west and Saylor creek and Daily’s run from
the east. The two latter are very small streams which do not
have well marked valleys. Saylor creek, after coming out
from the drift covered region, crosses the alluvial bottom
land in a shallow ditch-like channel two miles or more long,
following close along the eastern edge of the bottom land. |

Above Saylorville the Des Moines valley narrows rapidly
and for a considerable distance parallels the broader valley
now occupied by the Beaver. The relative width of the two
is shown upon the map. The Ridgedale ridge is usually nar-
- row. It slopes very abruptly down to the Des Moines river,
~ which is bounded on the east by equally abrupt slopes. On -
the west the ridge normally slopes down to the Beaver witha -
regular, gentle inclination. This is not however always true.
In sections 36, 25 and 26 of Tp. 80 N., R. XXV W., the slope
is quite as-abrupt as in the opposite direction. This abrupt
slope towards the Beaver is however exceptional. The river
‘receives in this portion of its course Rock, Big and Mosquito
creeks, all from the east. Big creek is the largest stream, but
though it carries considerable water, it has only a narrow
valley and a narrower strip of irregularly developed alluvium.

The Raccoon river flows into the Des Moines from the south-
~west. It has a marked valley, with a well developed flood
plain. Tts tributaries from the south are small but evidently
old. From the north it receives Jordan branch, a recent =
stream flowing down from near Ashawa, and Walnut creek,
which flows in east of Valley Junction. Walnut 'cfeek is
rather well developed and has through a considerable portion
of its course a definite flood plain. It does not seem however
to be an old stream.

The Skunk rivér system does not drain an important por-
tion of the county. The main stream enters the county
about eight miles west of the northeast corner, flows
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southeast and leaves the area ten miles south of the same
point. It flows in a broad flat- bottomed valley bounded by
~ low rounded sides. The valley is ev1dent1y of considerable
~ age, though the present river has only insignificant tribu-
taries. It receives White Oak creek, Swan, and Byers
" branches from the west but no streams of name from the
east. The branches drain a strip parallel to the main stream
and less than four miles wide. Indian creek, which flows
across the extreme northeastern corner of the county parallel
to the Skunk and about five miles distant, joins the latter
stream near Colfax. Within the area now being considered
it is wholly independent of the Skunk and flows in a valley
which is a smaller homologue of- that of the parent stream.

HISTORY OF THE DRAINAGE.

The main outlines of the drainage of Polk county were
evidently developed in preglacial time. The Des Moines,
the Raccoon, North river, East Four Mile, the Skunk and
- Indian creek evidently run in valleys which are, in part at
- least, preglacial. The origin of these rivers was due to
causes antecedent to the glacial period. Their preglacial
valleys, as we know them, seem not unlikely to have been
- excavated in the period immediately preceding the advent of
the ice. Their deeper channels are cut in a moderately flat
rock surface which probably represents a Tertiary, or later,
. base-level. The channels are most proba:bly the result of the
post-Lafayette emergence.* That the streams had before this
_been developed, and by the post-Lafayette emergence were

- merely revived, is altogether probable, but this, and indeed all

except the fact of the existence of certain of the channels
‘before the ice came, lies largely in the domain of hypothesis -
and is, at present at least, not susceptible of field demonstra-
tion. The lower course of the Des Moines river, that below
the mouth of the Raccoon, has been filled in with drift to a
considerable depth. The shaft of the Gibson mine No. 1,located
on the edge of the bottom land, passed through fifty-six feet

- *McGee, Twelfth Ann. Rept. U. S. Geol. Surv., pt. i, p. 515. "1891,
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of drift. The Hastie mine working at a depth of 100 feet
below the river was much interfered with by water. Wells
~driven down upon the plain at Avon pass to considerable
depths without encountering rock. The hills, however, con-
tain rock at levels considerably above the water level. Good
sections and rock exposures are common wherever there has
been recent cutting. 'This is not, however, true in all cases.
Usually the drift alone is seen and at points the recent cut-
ting of the river against its sides shows only the undisturbed
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Fi16. 41. Preglacial drama.ve at Des Moines

drift down to water level. The valley in this portion seems
then to have been formerly deeper and pe.rhap‘s slightly wider;
at least its present form is not its original form. The material
which fills in this older valley is the Ka.nsan drift and loess,
and will be descmbed later.

In that portion of the old-valley which lies between Capitol
Hill and Four Mile Ridge it has been found impossible to mine
a bed of coal which lies about ninety to one hundred feet below
the river level, because the overlying slate roof is so thin that
it crushes in and fills the mine with drift and water. In the
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G‘rlant mme, located on the western edge of this plain, at a:
- depth of about 100 feet, a preglacial drift filled valley was
encountered*. Similar channels have been encountered by other

mines located at the edge of this plain. The rock rises in Capi-

tol Hill to a height of seventy-threefeet above the plain whichis

 itself about twenty feet above the water of the river. On the
‘crest of North Hill, or in Highland Park, sandstone belong-
ing to the coal measures is encountered at adepth of twenty-five

feet. On the low land between Eghla.nd Park and Saylor sta-

tion wells go through seventy-five t0 100 feet of drift. The Poor

Farm well, 140 feet above this bottom land, only passes through

eighty feet of drift, which is perhaps an unusual depth, as rock

is found in the same region at depths of fifty feet and less.

On the high land near the Union mine the rock is encountered

at about twenty feet. The nose of Four Mile Ridge is made
up largely, to a depth of 116 feet or more, of loose material,

and yet it has.a core of coal measures, as has been proven by

recent drilling in Grandview park. There is then here a-drift

filled valley with rock-bound sides. -The filling material is, in

part at least, Kansan drift. ,
~ The Beaver valley shows topograpm characteristics simi-
~lar to those of the old valley just described. Its width is

~comparable to that of the latter valley, and if to it be added
the width of the narrow valley occupied by the upper course
‘of the Des Moines the sum is about equal‘to the width of the

Des Moines helow the mouth of the Raccoon. The bottom of

the Beaver valley is covered by the modified Wisconsin drift.

Wells in this bottom land do not reach rock at depths of fifty
feet. The side slopes show rare rock exposures, though the

- coal measures rise in them to heights considerably above the

stream. At pomts undisturbed Kansan drift is found low

down in the valley. :

There is then a broad preglacial valley runmng across the
county, now occupied in part by the Beaver, in part by the
Des Moinés and in part unoccupied. For reasons to be con-

-*Keyes: Iowa Geog. Suwv., 1T, 183, 1894,
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sidered later it is known that the course of the Des Moines
above the mouth of the Beaver is much more recent, so this
older valley may reasonably be considered to be that of the
 Des Moines. That the Raccoon river also flows in a pregla-
cial Valley seems well established. The topographic relation-
ships, the drift-veneered sides, and the at least considerable
filling up which it has undergone, all point to an age compar-
able to that of the Des Moines. , ‘
That East Four Mile, in its lower course, runs in a pregla-
cial valleyis shown by a drift filling of sixty-one feet encoun-
tered in sinking the shaft of the Gibson mine No. 2, and by
several wells at Berwick. Walnut creek may in part occupya.
~similar valley, though this is by no means sure. There were
doubtless other tributaries, but they do not at present admit
of being traced. - .
With the advent of the Ka,nsan ice sheet these rivers were -
~ of course blocked and at its retreat the valleys were left bur-
ied beneath the debris. Broad and deep valleys under the
- drift tend to reveal }themselves by low sags in the surface.
Even if we suppose the valley to have been filled up to a sur-
face even with that of the surrounding plain, the difference in
the amount of loose material present in the valley and over
the plain would tend to show itself as a result of settling, and
hence the sags would be developed. These sags-afford the
conditions best adapted to the establishment of drainage lines,
and as a result the consequent rivers take the same general
course as the older streams and tend to dig out the older val-
leys. Such a stream is not a revived "stream in the sense in
which that term is ordinarily used; neither is 'it an-antecedent .
~ora simple consequent stream. It standsin a classof its own
and is fittingly called a resurrected stream. : '
After their resurrection these streams had a long period of
undisturbed activity and developed a large number of tribu-
taries which are sketched in figure 42. Some of these may them-
selves have been resurrected streams, but of that we have no
proof. In this period two small streams ¢ and b were devel-
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oped which later played an important part in changing the
course of the Des Moines river. The first was a tributary of
the Raccoon and ate its way back by headwater erosion along
the line now occupied by the Des Moines from Thompsons
bend to its mouth. The second, b, was tributary to the Des
Moines as-it then was, and worked back toward the south
along the line now occupied by the Des Moines river from the

mouth of Dailys run to Crocker park. These streams cut
“back farther and farther, ¢ encroaching upon & until the val-

leys were continuous. Possibly ¢ captured  and a portion of

‘the Des Moines was diverted to the new course. More prob-

ably the valley was not cut to that depth, and the Des Moines |

-

_ F1G.42. Pre-Wisconsin drainage near Des Moines.

had not begun to flow through the new channel at the time
the loess was deposited. The latter spread in this region in
a fairly uniform mantle over the Kansan drift both upon the
upland and in the valleys. It did not materially affect the
arrangement of the streams though it changed the contours
of their side slopes and softened the cross-sections. The
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streams began at once to clear out their va]leys and Were
engaged in that work at the advent of the Wisconsin ice.

It is probably legitimate to suppose that the ice advanced
in a direction normal to the present limit of Wisconsin drift,
and that its advancing front occupied lines successively far- '
ther south and parallel to this line of drift limit. Such an
advance would have forced the Des ) "\/Iomes, as it then was,
over against the southwest side of its valley and would prob-
ably have blocked its course between Saylorville and Da,ﬂys.
run before the upper portion of the stream was thrown entlrely -

1

Saylor e+

k1. 43. Present drainage near Des Moines. -

out of its valley. The waters of the upper course, swollen
and powerful, seeking an outlet, flowed up the stream b,
across the low divide, and through « into the Raccoon. The
ice advanced but a short distance beyond before coming to its
final halt, and it is not impossible that the stream held its
course under the ice for a considerable portion at least of
this time. * As the ice melted back the river held to the new
- course and abandoned the old one.



RETREAT OF THE WISCONSIN ICE. 283

~ With the continued retreat of the ice certain other rear-
rangements took place in the streams. The Des Moines
-abandoned its upper valley, now occupied by the Beaver, and
cut the newer and narrower channel in which it now flows:
~ The reasons for this change are obscure and no satisfactory
| ‘explanatmn can now be given. But little is known of the
. course of theolder channel except in Polk county. In Guth-
“rie county situated to the southwest, there are three streams,
Middle Raccoon, Brushy Fork, and South Raccoon, which
~ have parallel courses, the general direction being northwest-
- southeast. These streams are outside the area covered by
“the Wisconsin ice and were uninfluenced by it. In a general
way the master streams of the entire region, where so unin-
fluenced by later operating causes, flow in the same direction.
This is also the direction followed by the old Des Moines
valley as far-as we know it, and it would seem not unfair to
suppose it to be the true direction of the old stream. The
upper portion of the Des Moines river, however, has a course
~much more nearly due south. Thisis shown much more strik-
ingly above High Bridge than below. o
~ This upper portion of the Des Moines is consequent upon
the slope of the surface at the retreat of the Wisconsin ice:
The valley was, in a certain sense, formed all at once, not by
simple and progressive headwater erosion. - This is seen from
~ the fact that on the bluffs opposite Corydon undrained saucer
‘depressions occur almost in sight of the river a hundred feet
o or mo_re.beldw. - Tt is hardly supposable that a river could by
‘simple headwater erosion cut back half way across the state
and yet not have time to invade the territory so near itself
and so exposed to attack. The larger portion of the river
course must then have been established with great rapidity,
and was doubtless an immediate result of the ice melting. It
is but natural that a stream which owes its origin to so inti-
mate a connection with the ice should take the same direc-
tion that had been taken by the ice lobe itself, and the Des

Moines river follows quite closely the median line of the Des
24 G. Rep.
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Moines lobe of the glacier. Such a line was bound to make
an angle with the older drainage lines and it seems not unnat-
ural that this angle should be at the apex of the lobe, particu-
larly when, as has been explained, the river course had at this
point already taken the new direction. . ,

The history of the Skunk river and its trlbutary Indian
creek can not be traced in so great detail. . That both these
valleys are preglacial and that they are.resurrected streams
has already been indicated. ~The noteworthy difference
between the Skunk and the Des Moines is that in Polk
county the former has a very limited tributary area. It has
not, it is true, cut quite so deeply as the Des Moines, but
since the tributaries of the two streams have not cut back
“far enough to interfere, the matter is of but slight signifi-
cance. - The resurrection of the Skunk occurred at the same
time that the upper portion of the Des Moines was formed.
The Skunk had softer material to work upon, and it also had
an established course, so it would be expected to have been
the gainer. It, however, follows the old course from north-
west to southeast and hence was out of harmony with the
new drainage. The major portion of the water ransouth and
hence the Des Moines, running directly in the course of the
new drainage, was favored, while the Skunk was starved.
In Hamilton and Story counties the Skunk has taken the new
direction and has a eorrespondi‘ng increase in tributary drain-
age. |

‘TABLE OF ELEVATIONS

The following table gives the elevation above sea level of

the principal towns in Polk county so far as they are availa-

ble, with a few in ad301n1ng counties which are given for ref-
erence.
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STATION. 12 >31 AUTHORITY. -
=28% ’
=38
<
C,R.IL & P.
C. & N.-W.
C,R.L &P,
C,R.IL&P.
C. Gt W.
C. Gt. W.
Barometer.
C,RL&P.
aliienan : - -C..&N.-W., -
Cummmgs e m i memmemmemme- e mee—mm—iemeemee— e —————— 985 | C. Gt. W.
Des Moines— ) )
Low water at mouth of Raccoon. ... oo looammeaaoo. 776
Fourth and Walnub .. oo a. 807 | City Engineer.
Capitol avenue and East Eleventh street..scocoo_cooaa 888 | City Engineer.
Grand avenue and East Seventeenth street ............. 835 | City Engineer.
Cottage Grove and Western avenue ... .. ... 969 | City Engineer.
- Hastie ol ccececm——a—c———- e mcmam———— 719 | Wabash.
Milliman _........ P emam—- e mam e mm—— e ——— 830 | C. Gt. W. _
Mltchellwde-____-_-_--_;_-__.-__--__' _____________________ 96! C,R.L & P
Oralabor . .o mcccmcamece—ma—————- 975 | C. & N.-W,
Polk City JURCHION e ce oo e cccmememcmcm e cm e me e 960 | C. & N -W.
RunnellS. ovecooooooomeacanas e mmcmmmmmme—m— e ammmmemnn 750 | Wabash.
SANEIAZO - o oeim e e mmmm—am—— e e mm————— 832} C. Gt. W.
Saylor o ceccc—m————- remcemcemmcaaaeei-ae| 965 C, & N.-W,
Sheldahl .._... '_-__-____,--;--_-«_ ........................ 1,042 | C. & N -W.
Tamworth - ceoeee e aan- emeieeemmmmiemeeememme-me-a-| 102 | Wabash.
Valley Junction .o o oo ... s 810| C,R 1. & P.

STRATIGRAPHY.

-

Geological Formations. ‘

GENERAL RELATIONS OF STRATA.
The rocks of Polk county belong to two series of very dlf-

~ ferent character, age and origin. The more obvious surface

material consists of a sheet of drift, loess, sand, gravél'and

alluvium which has been spread over, and very largely con-

ceals, the underlying indurated beds, which alone are com-

‘monly known as rock. The latter includes the usual coals,

shales and sandstones common to the coal measures of the

state. . The former includes the glacial and river deposits of
‘the Pleistocene. ~ The major physiographic features are due
to the coal measures. The flat uplands, the main river divides
- and many of the minor stream’ partings are formed of these

beds. Exposures of coal measures occur quite generally

.
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along the Des Moines river and throughout the southern por-
tion of the county. The Whole area of the eounty, however,
with the exeeptlon of the limited outcrops of coal measures,
is covered by a heavy mantle of Pleistocene beds which gwe
character to the minor physiographic features.

The taxonomic rank of the formations exposed inthe eounty
18 Shown in ‘the followmg ta,ble

GROUP. SYSTEM, - SERIES. _ STAGE. FORMATION, -
Recent. ‘ " Alluvium.
Cenozoic. | Pleistocene. ) Wisconsin | Drift.
Glacial _ Iowan. Loess.
: Kansan. - Drift
Aftonian -1 Gravels. .
| Pre-Kansan. Drift,
. it Upper . '
PaleO?om. Carbomferous Carbomf erous. Des M01ne$. :
CARBOI\ IFEROUS

UNDERLYING FORMATIONS.

No formations lower than the coal measures are exposed
within the county. The nearest outcrops of the next under-
lying strata, the Saint Louis limestone, oceur in Story county
on the north and Marion county to the southeast.. The rocks’
still lower, outcrop in regular sequence to the northeast.
-Some deep boring has been done within the county so that we

‘know a little of these undeﬂymg beds. The Greenwood park
well recently completed, was carried to a depth of 3,000 feet.

-Samples of the drillings were carefully préserved by Mr. E.
Van Hyning and were studied by Prof: W. H. Norton of this
survey. The record of this well with Professor Norton S cor-.
. ‘relations is given below.

GREENWOOD PARK WELL.

RECORD OF STRATA, : THICKNESS.  DEPTH.
8. Till,buff,sandy with a few pebbles, non- .
CAlEATEOUS - o oo oo oo 14 14

77. Shale, black, brittle, ca,l'*bonaceous_--_ 1. 15
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SYSTEM SERIES STAGE . AT ROCK

4

UPPER
- -SHALES OF VARIOUS COLORS
. A IN-CALCAR|
CARBONIFEROUS| pes Moines 3 NON~CALCAREOUS IN
- s PLACES CARBONACEOUS
or

COAL MEASURES

LOWER Saint Louis CHERT AND SHALE WITH

CARBONIFEROUS and Sone mesToNE

“or A ta 203 LIMESTONE AND CHERT

CARBONIFEROUS

178

MISSISSIPPIAK

SHALES,IN PLACES
HIGHLY CALCAREOUS

Kinderhook

13-

DEVONIAN | - ' uﬁssrorvs,uany aurr

>, &3 LIMESTONE WITH GYPSUM

% LIMESTONE, MAGNESIAN , CHERTY

ONONDAGA ? T%ilf,

=4-337 [ GVPSUM_AND SHALE . |

SILURTAN

LIMESTONE WITH SOME GYPSUM

. = N . i LIMESTONE ,CHERTY, ARENACEQUS
NIAGARA ~ |Niagara-Clinton[ 1 = *DOLOMITE
. 574

Hudson River SHALES (MAQUOKETA)
607 |

DOLOMITES,YELLOW, BUFF
\AND BROWN ,OFTEN CHERTY

] ) . Trenton

—SHATEGREEN

1115 . N, TLIFEROUS.

- SANDSTONE, WHITE

DOLOMITE , ARENACEOUS
SHALE

SHALES AND OOLOMITE

ORDOVICIAN

ALTERNATING THIN BEDS OF

CANADIAN ? dneota SANDSTONESAND DOLOMITE

- DOLOMITES OF VAREOUS TINTS,
OFTEN CHERTY'

ALTERNATING STRATA OF
SANDSTONES,DOLOMITES
AND SHALES .

SANDSTUNE ; CLOSE GRAINED,
. QLAUCONIFEROUS

POTSDAM

DOLOMITE , $ILICEOUS »
GLAUCONIFEROUS

CAMBRIAN

- SANDSTONE, SACCHAROIDAL ,
GLAUCCNIFEROUS

MARLS yBUFF AND PINK.
QLAUCONIFERSUS

ES) well.
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6.
.

4.
3.
2.
1.

70.-

69.

68.

7.

66.

64. -

63,
62.

: 59- Limestone, - cherty, crystalline, blue-

58.

GREENWOOD PARK WELL.

RECORD OF STRATA. . THICKNESS. DRPTH.

Shale, gray ‘‘fossiliferous” ...........
Shale, black, carbonaceous, éalcareous,
highly pyritiferous ca-oeaoceoaoo
Shale, gray .. ce . cecccacmccciccaca -
Shale and limestone, bluish gray,
highly -fossiliferous
Shale, varicolored

"Shale, bluish gray, highly and finely

arenaceous, hard .....mcceeo—coeoan-
Shale, bluish gray, slightly calcareous

Shale, dark drab and black, carbona:-

Shales, gray, dra.b and purplish, prac-- .

tically non-calcareous,. one foot of
gray chert at 284 feet . ...ocmaoo.
Shale with chert, heavy. bed, very hard
"todrill. The most of the sample is
an argillo-calcareous powder of 250°;

34° remain after washing as sand of

white chert, flint and limestene. Of
this residue 8° are soluble in acid.
Of the 216° washed out as powder 62°
are soluble in acid. The shale is re-
ported as caving in from above, but
its calcareous nature indicates that
it is in part interstratified with chert
and limestone

B L L L LT

Limestone and chert, brownish gray..

Shale, light blue and gray............
Shale, terra cotta red, highly calear-
Shale, hghtblue, gray-_-_;_,,-_-_.--;-

Shale, light gray, highly calcareous,
fine cherty residue.____ ...
Limestone, light buff, with much gray
Limestone, hght blue, gray, crystal-
line,saccharoidal,effervescence slow,

with considerable white gypsum ...

gray, effervescence moderately rapid

-Limestone, cherty, crystalline, sac-

charoidal, dark blue, gray and buff,

- effervescence indicates magnesian

R

limestone, but not dolemites..

*

1 16
3 19
4 23
15 38
67 105
10, 115
60 175
1 186
202 198 (2)
170 668
30 698
0 38
10 748
. 9% 713
85 858
8 - 938
20 958
53 1011

197 1208

287
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it

54,
53,

52.

51.

50.

49.

48.
417,
48,
45.

43.

41.
40.

39.

38.

37,

GEOLOGY OF POLK COUNTY.

‘ RECORD OF STRATA. . ° ~ ~~THICKNESS.

Gypsum and shale; gypsum -gray-and’
white in flakes, shale green, perha.ps S

- Limestone, light blue, gray, hlghly sel-

eniferous, with some flakes of gypsum 145

Limestone, cherty; arenaceous, grains -

of sand minutely rounded, much

shale in rounded fragments, perhaps

from aboVe iciciiccammeiiccaianaasan 22
Dolomite, buff, -crystalline, granular,

with much chert-and some chalce~ . ---

donic silica, three samples._.Z..... 55
Shales in large -fragments,- purplish

yellow and -green, non-caluareous,

finely laminated, gritty_-.._..ccooo0 33
Dolomite, in - -.yellow : gray powder,
ChertY o cmcio oo domciociecaoiosiia 260

Dolomites, yellow, buff -and brown,
mostly cherty and residue finely
quartzose, five samples...._.__..... 155

Shale, green, very slightly calcareous 8

Dolomite, brown, arenaceous.....z..-. 30 -

Shale, dark green, hard, *fossilifer-
ous,” practically non-calcareous.... 10

Sandstone, fine ‘white grains moder-

ately well rounded. ... ._..li_...c 39

Shale, drillings" consist- of greenish
powder:of dolomite chert, fine quartz
~ sand, green shale and pynte_--._--:-‘ q

Dolomlte, arenaceous -and-cherty ..... 30 -

bhale, drab, calcareous in part, finest
powder containing grains .of buff
cherty dolomlte-a---._------_---.--, 23

Dolomite, gray.... . :ooocooo_iiiiiien B

Dolomite, same with minute rounded
vesicles resembling matrix of o6lite
from which grains have. been. dis-

sOlved . mmeccceeas SRS
Dolomite_...__i.c..:e S iltidd e it il e - b
Skale, as No. 44, exceedmgly hard to

drill ................................ 4

Ples it ieecaeaana 8
Shale, drab, caleareous._..:..:.x .. -6
Sandstone, white, fine, calciferous.__.- 10

DEPTH.

1223

- 1368

- 1390

1445

1478

1738

1938

1946
1976

1986

. 2025

- 2032

2085
2090

2095

2100

2140

2148
2154
2164



36.
4.

33.

32.

31.
30.

20.
28'

21,

26.

23,

29,

21,
-2,
19.
18.
17,
16.

15.
1.
13.

12.

11.

10.

GREENWOOD PARK WELL.

. | RECORD OF STRATA. - - - THICKNESS.

Dolomite, buffiu i oo
Sandstone, ‘clean white. quartz and
" grains rounded
Dolomite, buff.. . zioccaoaiiooioio.
Sandstone, buff, grains ‘rroken, with

much dolomite - ooeoooocoeoooo ...
Sandstone, friable, white, fine :..._._.
Shale, drab, slightly calcareous
Sandstone, White . ooieomi o eiiaeaa

Dolomite, buff, white, much quartz

---------------------

-

- - e e e 6 e R WY e W -

e A T

Sandstone, gray and. buff, calcareous,
grains largely broken- ---_,.-'.--« .....
Shale, light blue ... .ol
Dolomites of various tints, often cherty,
" argillaceous at: 2250, 2272, 2333, 2340,
arenaceous at.2270 and 2333; at 2305
there are 17 feet of chert of various

colors, white, blue and green, 32

samples oo ouooooaeaoSioaioiooiooo
Sandstone, white, ﬁne-gramed mostly

rough surfaced, with some dolomite.
Dolomite, brown, in chips. ccoccecuaoa
Sandstone at 2455z ceeee N
Dolomite; rough, gray~and brown.....

Sandstone, fine, white and reddish,

three samples [
Shale, light blue,;gray. ..l . ....__.
Sandstone, caleiferous, ‘buft.

Dolomlte, arenaceous, : gra.y, buff .and ™

" brown, six samples mmemgemmssseenn
Shale, light blue, GraY o ciamciilinioas
Dolomite; gray and-buff, qua,rtzﬁerous
Sandstone, gray, fine,.calciferous :._...
Marl;, highly quartzose, dolomitic, ar-
gillaceous ~ yellowish .powder, . two
SAIPLES -~ o oo ccacanaoe
Sandstone, calclferous, grayand white,
three Samples .- - veoeocceccemmcanan
Sandstone, in sand and small chips re-
sembling superficially dolomite, cal-
ciferous, glauconite, close grained,
grains white, gray and buff, ten sam-

»

{

10

15

11

[ I )

14

176

12

W e b

12

30

10
21
19

12

DEPTH.

2172

2182
2197

2208
2210
2214
2219

2222
2224

2238
2243

2418

2430

2432
2436

2452
2454
2458

2488

2498
2507
25634

2553

2565

2710

289
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RECORD OF STRATA. . THICKNESS.

Shale and dolomite, shale ha,;_"d, dark . = -

bright green slaty Dolomite white;

highly siliceous, with much greenish -
translucent amorphous silica, Two -

- samples of the second; over one-half

the weight of the sample is soluble ., .
' 20

in aCid e oo i i

. Sandstone, buff in color, in powder,

glauconiferous. This rock is termed

. sandstone although composed chiefly -
of light colored partings «f impure

cryptocrystalline ‘silica which effer-

vesces freely in acid; . fragments of __

crystalline quartz form but a small
proportion of the drillings ... ...._:

purplish tinge, dark color owing to

numerous grains of :glauconite, pur- -

plish tinge to ferruginous stains on

quartz sand; sand grains rough sur- .
faced, imperfectly rounded, many.

fractured of crystalline silica. .-... .
Dolomite, dark .gray-greenish tinge,
macrocrystalline, . glauconiferous,
sparingly arenaceous...-......... -
Sandstone, greenish, grains . micro-

SCOPIC — o im e mmmccc i i

Shale, dull gray, fine grains and‘ ex-
ceedingly finely laminated...... m—

Sandstone, glauconiferous, calciferous,

grains imperfectly rounded; with
hard dark greer slaty shale

- ——--

OUS ccncvcmccmaccmaccn—e reemercnenmd

Marl, pink,calciferous, arenaceous,one-

" third of drillings by weight-insoluble

in acid, to bottom of well-

20

.. Sandstone, saccharoidal, dark, with -

130

D

-15
. Marl in buff _ flour, ' microscopically - -
. arenaceous, calciferous, glauconifer-:

50

DEPTH. -

- 2130

2150

2880

2885

2890

289

2010
2060

3000
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SUMMARY,

NOS. ) FORMATIONS. - | THICKNESS. | DEPTH. |A.T.
78 | Pleistocene._...._____... emeelcciecacana Z2. : ‘14 14 | 858
68-78 | Des Moines_ _.oooaoo ioiicamioiaaianans - 484 498 | 374
66-67 | Mississippian ..o . .. - 200 698 | . 174
62-65 | Kinderhook .emeee. oo iooiooaoiaioiamaa s : 160 88 | 14
61 | Devonian ... c.a_iiooaoiaooos memeemaens - 80| . 938 1| -66
54-60 | Silurian (upper) -_..._ femeiiiemececesmmiaan 507 1,445 | 573
.53 | Maquoketa, - oo oL - 33 1,478 .| -606
48-52 | Galena-Trenton_ .. ... .. .. _.l. 508 I 986 1,114
. 47 [ Saint Peter... ..o ... - 39 42 025 |-1,153
3946 | Upper Oneota ... ___.._.._._. RS, _ 124 | 2 149 |-1,277
25-38 | New Richmond ... _-li.._.______ reiiaia- .94 2 243 1-1,371
24 | Lower Oneota ocacamooocoonooomaacao. 175 2 418 (-1,546
8-23 | Saint.Croix.._.__._____. R 332 2 750 |-1,878
1-7 | Basal'sandstone - % . ... .. .._.i:il..| 250 | 3,000 ~2,128

 BASE OF THE COAL MEASURES.

" At Mitchellville, with an altitude of about 976 feet, a bor-
ing ‘put down to a depth of 264 feet* passed through forty
feet of material which probably belongs to the Saint Louis.
- This would make the altitude of the base of the Saint Louis

about 760 feet at this point. Iu borings made upbn the river

bottom near Ca,rbondale, ‘the Saint ‘Louis was reached at
about 200 feet below the river, or at about 600 feet A. T. At
Valley Junction the limestone is said to have been found at
“about the same level, while south of Millman one boring, if
properly interpreted, would bring it still nearer the surface.

In the Greenwood Park well the coal measures were found to

extend to a depth of 498 feet, or to altitude 374. At Com-

merce, on the other hand, Saint Louis lies at least 550 feet
below the surface, or about 300 feet A. T. -
‘While a certain amount of doubt is attached to some of
these borings, and it is impossible to verify them at this date,
it is believed that the underlying limestone will be found to
exhibit in this.region the same:irregular surface which it

~ shows farther east in its area of outcrop. Indeed the differ-
ences shown by the borings are even greater than those

known to occur elsewhere o '

*Second Bien. Rept. Btate Mine Inspactor, p. 115. Des Moines, 1885.
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The Greenwood Park drillings were carefully collected and
studied and the record is believed to.be especially trust-
Worthy, despite the fact that it shows ecertain-exceptions to the
stratigraphy of the region. The well shows no, coal, though
situated not far from mines now producing and. very near.to
points at which coal has been mined. As will be seen later,
however, this faot is not a matter of 'so much surprise, as-

barren holes are frequently put down in the mdst of product-
ive eoal ﬁelds, partmularly in the Iowa M1ssour1 reglon

GENERAL CHARACTER OF THE COAL MEASURES

The ooal measures of Polk oounty belong to the stage_
which the survey has called the Des Moines forma,tlon When
first studied by Owen* and later by. Worthen,\L no attempt
was made o divide the coal measures. Whitet considered them
to be made up of three format1ons Wthh he called Lower, M1d-
dle. and Upper Coal Measures The beds of the southwestaern
portion.of Polk- oounty were asslgned to the middle d1v1s1on, 7
while those underlymg the remainder of the oounty were put
in the lower division. Keyes§ has d1v1ded the. series into
two terrains, the Missourian and the Des Momes, and more
recently has oons1dered the two. d1v1s1ons to be 1ndependent
“series.| It is the Des Moines, or lower stage, whleh i$ rep-
‘resented in Polk county. o i o

The beds WhlGh have been 1ncluded under the name Des
.Momes forma,tlon form a. complex of shales sandstones and.
coals, with a few thin limestones 1nterca.la,ted Thelr vamety
is quite well shown in the follovnng general section . of the -
Carboniferous strata found above the water level in the vicin-
ity of Des Momes

- . : FEET. INCHES.
18. Variegated clay shales....... wmeimmmaeniozo 13
17. Bluelimestone, nodular, impure, Wea,’chermg
brown, fossiliferous..auecoceooeooooaaaaos 8
16. Variegated shales----.---.--------; ........ 8

*OQwen: Geol. Surv. Mo., Iowa, and Minn., p. 121 1852,
+Worthen: Geol. Iowa, vol. I, p.17L 1&18
+tWhite: Geol. Iowa, vol. Lp. 231, - 1870.-
§Keyes: Iowa Geol. Surv,, "vol. I, p 8. 1893
tAm. Jour. Sci. (), vol. II, pp. 311—230 1886.



- ARGILLACEOUS SHALE. ' 293

o FEET. INCHES.
15, Bituminous shale, with coneretionary calca-

reous masses below, fossil-bearing ......._- 3
14, Coal Lo imcmecciioeililloll 2
13. Light yellow and drab shale_ __oocecoeoo . 1
- 12. Variegated clay shale ...................... 4
11. Limestone .... ... ._.__. eemcemlicmmcaea- 8
10. Shales, variegated, clayey ...coooo._..____ - 4
9., Limestone, nodular, earthy, passing in places
--into marl, highly fossiliferous ..o - ___ 6
8. Clay shale, light colored ________ ... ____ 5
7. Sahdstone, soft, micaceous, becoming in
~ places an arenaceous shale -.....____._.___ -20 S
6. . Sha,le, clayey, gray, yellow and red in color- 8 .
5. Sand rock, grayish, soft__-___----.-__-. ..... 4
4. Coal, impure, divided in places into three
~ -thin seams, varying considerably in thick- ,
1T S S IS 2
3. Shale; light gray, fissile ... ______...___. 5
2. Shale, light to dark gray, micaceous below,
bituminous above .__ . . ... .____L 6
1. Shale, white, siliceous .......__....________ 10

Nbos'., 1 to 7 inclusive are shown at the pit of the Towa Pipe

& Tile Co.; Nos. 7 to 12 are exposed at the south-end of Cap-
itol Hill; Nos. 12 to 18 are shown in street cuttings and clay
pits in the northwestern portion of Des Moines.

- As will be seen, the shales are predominant, and exhibit
many facies. Details of their lithological characters sre
shown in the sections later described and are noted in the
descrlptlons of the brick pits. There are three fairly well
defined types. The more common perhaps is the &I'O‘IHELCGOUS
phase. This shale varies widely in color, showing shades of
red, blue, green and yellow. It is'in the main a clay, and
may or may not show the shaly partings often considered the
distinguishing feature of shales. The absence of these part-
ings is often a matter of weathering, as shown by their greater -
‘prominence at fresh exposures.

At certain points argillaceous shale grades directly into the
clay found under coal seams and commonly known as fire
clay. The suggestion, of course, is that the change here
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was due to weathering, and that loss of structure was one of
the steps in the process of change from shale to soil. If we
are to believe that each coal seam rested upon a soil, this
might be the correct explanation, and probably is in some
cases. Many coal seams, however, do not rest upon soils or
anything of the nature of soils, and it seems not unlikely that
the closeness of the relations between the coal and. its

_ FIG._ 44. Clay shales in the pit of ﬁewma.n Bros. Brick Co., near Hastie..

‘underlying fire clay has been too much insisted upon. The
- presence of considerable bodies of loess showing no lam-
nation whatever, in such situations and under such con-
ditions that its origin- by aqueous deposition can not be
doubted, may be taken as evidence that lamination is 'not
a necessary characteristic of sedimentary beds, and it may
reasonably be maintained that much of the nen-laminated
material forming the so-called fire clays of the coal meas-
ures was originally deposited in its present condition. This
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explanation is in accord with the fact that analyses and
physical tests of many of these clays show that they have
not passed through the process of leaching by which others
have lost their percentage of fluxing impurities, lime, mag- -
nesia, iron oxide and alkalies. This is quite commonly true
of .the so-called fire clays of the coal measures. The main
mass of the argillaceous material shows, however, a distinct
shaly structure. This is probably the expression of cleavage
developed parallel to bedding. The sedimentary lamination
may be quite fine but is frequently the opposite. It is'shown
~in perhaps average character in figure 44, a detail from the
pit of the Newman Brothers Brick Co. near Hastie. It may
be seen equally well in any of the large clay pits near Des
Moines. S e .
The argillaceous shale passes by insensible gradations into
sandy shales and this again into well defined sandstone. This
transition is excellently shown along the railway track at the
foot of Capitol Hill. Sardy shales are common throughout the
coal measures. They are frequently of considerable thickness -
and lateral extent, and they exhibit most intimate relations
" with the great body of the argillaceous shale. They are in
marked contrast with the sandstones into which they grade,
in that the latter occur over narrow limits usually in sharply
defined ‘bodies. The shale gives long gentle erosion slopes.
The sandstone yields narrow tortuous ravines with steep sides.
Within Polk county the silicia is usually disseminated through-
out theshales. Sandstones are relatively rare. In the south-
east portion-of the area is the Ford sandstone. - On the north
of the river between Runnells and Adelphi thinner sandstone
beds are encountered at several points, and borings on the
upland north of Morgan Valley shows sandstone common
in the region. At the foot of Capitol Hill is the sandstone
shown in figure 45 which, passing over the anticline at the-
Center street dam is seen at Thompsons bend and again near
the Sixth street bridge at the locality long known as the
Devils Gap. Across the river a sandstone, probably of the
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same horizon, is frequently struck in wells at Highland Park.
Eastof this point, and across the old valley already described,
sandstone is frequently encountered near the surface in the
ridge between the old river valley and that of Four Mile
creek. A thin sandstone occurs immediately under the drift
at the Saylorville mine, and heavy sandstone ledges outcrop
along the south side of the Des Moines immediately below

Fic. 45. Sandstone at the foot of (_Ja'.bitol HIillL

the mouth of Beaver creek. South of the river thin sand-
stones occur near the old Eclipse mine and south of Com-
merce. Nowhere, however, are there any massive sandstone
deposits comparable to those found af Red Rock in Marion
county, and at many other pomts in the state. The sand-
stones present are essentially local in distribution, and while
the Capitol Hill, Thompsons bend, Devils Gap and probably
Beaver creek sandstones net improbably belong to the same
horizon, their correlation is made upon other grounds than
their hthologlcal 1dent1ty and proximity.

The third phase of shaleis that exhibited in the bltumlnous
facies. This is black, usually shows well developed cleavage
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parallel to the bedding, frequently contains a considerable
amount of coaly material, and passes by gradation through
‘““black jack” to coal. It is closely connected genetically
with coal and frequently occurs directly over coal seams.
For this reason it is considered a hopeful sign by prospectors
and is eagerly sought. It occurs, however, not rarely where
no coal seam is present, or where the latter, though present, .
is not workable, so that it is far from being a reliable guide.
~ Bituminous shale usually contains a certain peréentage of
both lime and iron. In some instances these assume undue
proportions and the result is the formation of clay-ironstone,
a low carbonate iron-ore known usually to the miners as

‘nigger heads.” These clay-lronstone masses occur in the
coal, along the horizon

between the coal and [
the overlying shale or -
slate, and up in the
latter. They frequent- ===
ly cause considera,ble - F16.46. Ironstonemass in coal bed ot Bloomfield -
. mine, Des Moines.

trouble in mining,
though at other times when the material is dlsposed in the form
of a sheet rather than a lenticular mass they make an excel-
lent roof. | A

These clay-ironstones have been found in several of the
mines and were quite well shown in the old, Bloomfield mine
on the south side.® As seen here they varied in size from
horizontal dimensions-of a fewinches up to ten or twelve feet.
In thickness some were as much as six feet. An analysis of
similar material from a mine in Mahaska county showed the
presence of about 88 per cent of limestone, with 8 per cent
of organic matter and small percentages of iron oxides and
sulphides. The rock-is therefore essentially an impure lime-
stone. '

The bituminous shale also grades into that of the argilla-
ceous type. It becomes less and less black and usually shows

*Keyes: [owa Geol. Surv., vol. II, pp. 279-281. Des Moines, 1894.
25 G. Rep.
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a eorrespondmg decrease in the perfection of the cleavage.
This is well in accord with the fact that coal which has suf-
fered much compression is finely laminated and splits easily.
The bituminous shale often contains notable percentages of
- coal and has suffered corresponding diminution in bulk.
Cleavage of the grade found here, which perhaps to some
“extent depends upon original lamination, is brought out by -
pressure and the changes due to it. The sandstones and
sandy shales have suffered little compression, the clays and
argillaceous shales more, the bituminous shales still more
and the coal most of all. The cleavage increases in a corre-
sponding order, the exceptions being certain clays probably
not originally laminated, and coal where the chemical change
- has often been sogreat as to ob-scure the texture. The clay-
ironstones have withstood the pressure, so where they occur
in the coal the lamination planes of the latter bend round them
as noted by Keyes.* In this they follow the law formulated
by Van Hise,t that cleavage develops normal to the pres-
sure, the latter being in this case normal to the surface of the-
ironstone mass which resisted compression. The phenomena
is analogous to that of a bowlder of hard material in a squeezed
conglomerate, and possibly the foliation sometimes observed
in drift} may be explained by the same process. _

In general throughout the shales the pressure is normal to
the bedding and in the direction of gravity. While the results
are slight, and in that particular correspond to the pressure,
they seem to differ only in degree from the better developed
phenomena known usually as cleavage. As defined by Van
Hise, the phenomena of capacity to split inte thin plates, so
commoxnly seen in the bituminous and other shales of the coal
measures and described in the previous reports of the Iowa

Survey as fissility, falls rather under the definition of cleavage
as seen above.
*Keyes: Iowa Geol. Surv., vol. IT, p. 281. Des Moines, 1893. -

tPrin. N. A. Pre-Camb. Geol,, Sixteenth Ann. Rep. U. S. G. S., pt. 1. p. 639. 1896.
#Salisbury: Jour. Geol., vol. II, pp. 720, 721. Chicago, 1895,
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~ The coal measures of Polk county contain a large number
- of coal horizons, along many of which workable coal is found.
As developed at present, the productive portion of the Towa
coal field is largely in the neighborhood of the Des Moines
river. In the counties southeast of Polk this is due to the
outerop of the basal or more productive portion of the Des
Moines formation. These basal horizons are, however, buried
to a considerable depth in Polk county and the coal mined
~ comes from higher horizons. It is impossible to say exactly
how many different horizons are represented in the different
outerops and boring records. It is also impossible to be sure
in every case of the correlation of even neighboring outcrops.
The coal measures are characterized by such rapid lithologi-
cal transitions and such marked\non-persistence of strata that
the stratigraphy is exceedingly complex. In a drift covered
region, without a t0pographie map, it is even more difficult to
obtain results of more than approximate accuracy. The coal
horizons themselves can not be used as bases of correlation
except, when careful checking is/poSsible. A thick seam of
coal at one point may be represented by a very thin seam, or
by black shale, at another. Again the coal itself varies in
altitude. In the old Eureka mine on the south side the coal
went down twenty-four feet in a distance of 1,400 feet. In the
Proctor there are variations of twenty to twenty-five feet in
225* feet. .
This change in altitude of coal seams, or “rolling” as it is
known among the miners, is usually accompanied by corre-
sponding change in thickness; the coal thinning to the rise. It
is a common feature throughout the Iowa field. It seems fo
be due to two conditions; first, it may result from an under-
lying unconformity, the irregular features of the underlying
-surface being faintly reproduced in the overlying coal seam;
or second, it may be due to the presence of underlying coal.t
There is abundant evidence that coal in the process of its

formation suffers considerable diminution in bulk and in time

*Keyes: Op. cit., p. 279.
*Jour. Geol., vol. 111, pp. 646-654. Chicagc, 1895.
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settles to a thickness of from one-tenth to-one-sixteenth of
that of the original mass of vegetal matter. This settling
would under favorable circumstances show itself in the for-
mation of a basin above, the basin in turn giving favorable
conditions for coal formation. The formation of one coal
seam thus opens the way for the formation of a second after '
such a time as would allow the accumulation of sufficient
material to afford effective pressure. Where a coal seam is
found under such conditions it should show in the upper bed
the inequalities of .the lower, and it is a suggestive fact that
: ‘in the old Eureka

mine when two

seams were

worked, this was

found to bé true.

It must not, how-
ever, be consid-

ered as necessar-
ily true that when
two seams are
found they fit to-
gether in this
manner. In the
Keb mine of the

 Whitebreast Fuel Co. at Ottumwa, there are two seams in which
the thin parts of the upper overlie the thicker portions of the

lower seam. In this case the two beds are only separated by
a few feet of intervening strata, and it is possible that the
amount of pressure due to the superincumbent material was
not sufficient to be effective at the time of the formation of
the second seam. .

In the mines south of the river at.Des Moines the rolling-
of the coal is a constant factor. The thinning of the beds is
also common. The field is divided up into a number of smaller
areas by a series of what are known as faults by the miners.
With one exception these are probably not true faults in the
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sense in which the term is used by a geologist. They do not,
so far as known, mark lines of disturbance. The coal rises
towards them on both sides and thins in the same direction,
so that they seem rather to mark the original dividing lines
between separate coal basins rather than lines of subsequent
fracture. Since many of themines are now closed and in
others the faults cannot now be examined this cannot be posi-
~ tively stated, and their distribution asshown on the sketch
map may not be quite accurate though the map is' made from
the best obtainable information.

If, however, their origin be that surmised, the explanation
of the fact that in no case was the coal found by drifting is
easy. The limits of that particular basin had been reached
in that direction. The presence, however, of a similar basin
at about the same general level a short distance away is
exactly what would be expected, so that the field as a whole
shows a typical development of a coal horizon.

The exception among these fault lines is the one found
- east of the Coon Valley mines. ¥rom descriptions given by
men who examined this, it seems to have been a true fault.
If, however, this be the case, and there is some independent
evidence favoring such an hypothesis, the throw is slight and
the region affected is limited. An examination of the section
from Capitol hill to Walnut creek indicates that within narrow
limits the beds have suffered no disturbance.

The limestones of the coal measures are not prominent.in
the lower portion of the Des Moines terrain. -In Polk county
a few thin limestone bands alone outerop. These rarely
attain a thickness of so much as a foot. Their importance is,
however, quite out of proportion to their thickness since they
form such excellent stratigraphic horizons. In the vicinity
of Des Moines there are at least three persistent limestone
bands which afford the means of definitely correlating many

of the exposures. Their use is seen in the sections which
follow.
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GENERAL CROSS-SECTIONS.

Tt is not possible at this time to present detailed sections
across the entire county which would be of any value. Sec-
tions starting from Capitol Hill have been made north of the
mouth of Beaver creek and west as far as Walnut creek.
These sections were possible because of the presence of the
thin limestones mentioned above. In the remainder of the
county it is not felt that the data are of such value as to per-
mit the exact form of statement given by a section.

SECTION FROM CAPITOL HILL TO THE MOUTH OF BEAVER CREEK.

The exposures along the Des Moines river from the mouth
of the Raccoon to the mouth of Beaver are quite numerous

and are typical for the region. At Capitol Hill the following
excellent section may be made out.

CAPITOL HILL SECTION.
FEET. INCHES.

11. Variega,ted clay shales_cooooo oo __ -25
10, Limestone. . oo ceaeee oo eaa. . 8
9. Light graytodrabshale .. .. .... 4 :
8. LimestOne. . mmeeemmeeeomcm oo , 6
7. Light grayshales..ooooaoeoooo__. 5
6. Sandstone, irregularly bedded, well exposed
along the railway tracks at the foot of the
151 SN 25
5 S}_lale, light gray - oo 2
N 6 2
3. Shale, sandy-oeoooocooo oL 3
2. 008l L e 3
1, Shales, light gray. .o omae o 2

Numbers 1 and 5 are well shown at the east end of the
exposure, but the rather unusuvally pronounced dip to the
‘southwest carries them below the level of the railway track
east of Ninth street. ’

TILE YARD SECTION.

At the east front of the hill, in the pit of the Towa Pipe &
Tile Co., the following excellent section is exposed.
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. ¥EET.
9. Shale, argillaceous, yellow ... _________. ____.______ 20

) 8. "Shale, clayey, gray, yellow and red in color ...______ 8
7. Sandrock, gray, soft __________.__________.___.______ 4
6. Shale, black, in part clayey .._..__._________________ 13 .
5. Sandrock, gray ... oo oo ... 4
4. Coal, impure, shaley . ... . ______________._._.. 13
3. Shale, light gray .. . . . ... 5

"~ 2. Shale, light gray todark ________._________ RS 6

1. Shale, white, siliceous. ..__. [ 10

Number 9 of this section may be correlated with number 6

FI1G. 48. Bluff on Des Moines river above milldaw, at city of Des Moines. -
Shows coal seam separated by sand bands.

of the preceding. Above it in the hill numbers 8 and 10 of
the Capitol Hill section are found at the correct level.

Across the river from the exposure just given is a better
section, showing the coal bed divided into three parts. The
dip is to the north and the three parts of the coal seam come
together, the intervening sandstone partings wedging out as
shown in the figure. '

FEET. INCHES,

120 Drift oo . L . 6
11 Sandstone, soft, micaceous, buff in color,
massive in places ... ______.____________ 10
10. Clay shales, light colored ... ________ 5
9. Coal ______. R 2 6
8. Sand,loose. oo ool .. 6
7. Coal
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FERT. INCHES.

6.- Sandstone, masswe, fine gramed ............ 2
5. Coal. .l iiaelllleialolllc SR 1
4 Clay shale, yellow and blue in color ____.... 10
3. Clay shale, dark drab in color......._..... 4
2. Shale, somewhat sandy .._o...oo.aoo. ——ce- 5
1. Shale, black, bituminous (exposed)

The relations between these two exposures are seen in fig-
ure 49, representing a section across the river at the dam.

Fi16.49. Gorge of Des Moines river at city of Des Moines.

~ The heavy dip north carries the coal down to the water
level at Thompsons bend. It is here a good workable seam
and has been opened up from time to time by means of drifts.

Towards the west the strata rise a little from Thompsons
bend to Sixth avenue where the coal was formerly worked by
drifting. In this vicinity at the pomt known as the Devﬂs
Gap is the following exposure.

' DEVILS GAP SECTION:

4. Sandstone, yellow, massive ..__.._ S N 15

3. Shales, variegated ... 23

2. Shales, light, sandy oo coooooooo . 15
' 1. Hidden to river, with talus of coal and sandstone___. 20

The sandstone seen here is probably number 9 of the Raw-
son section. In the clay pits of the Flint Brick Co. and
at neignboring exposures the strata exposed are as follows.
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- , FEET. INCHES.
13. Light colored clay shales ... _____..__... 10
12, Limestone - .o oo mieeiiee oo 8
11. Green and yellow clay shale_ ._aaoo .. __ 5
10 Bituminousshale . . .. . .____.. 2
9. Purple and variegated shale __.____________ 4
8. Yellow and white sandyeclay ... .__.._.... 4
7. Limestone - ... ... 8
6 Light colored clays . oo o oo o___ 6 :
5 Limestone. ..o 10
4. Massive Variegated clays and shale _.________ 20
3. Sandstone. ... 1
2. Coal i eel_. e e 3
1. Shales,drab .. ... ... ... 5

Numbers 5 to 6 correspond to Nos. 8 to 10 of the Capitol Hill
section. The other numbers are readily correlated.
- Opposite Flint valley corresponding beds are shown at the
pit of the Towa Brick Co. and were found in the shaft of the
- Eagle Coal Co. The record of the latter is given below.

EAGLE COAL SHAFT.

FEET. INCHES.
21, Drift. oo e immaen J 4 - 10
26. Red sandstone ..o ooo.oooooooolooooooo__. 8
25. Redshale ... Ll ... 3
24. Blueshale __.___....__. e e 11 T
23 Red and variegated shale____________ . _. 2 4
22, Gray shale. . . 4 8
21, Coal . eei. 1 4
20. Sandyshale . i ... 2 4
18. Brown rock, hard .. . ____ 8
.18. Shale, sandy, light colored, hard __..__.__ 1. 6
17. Blue shale. . ... 3 8
16. Dark shale . ... 2 6
15. Light, sandyshale__ . _.____ .. ____ 31 4
14, Hardrock .__._____.___. e e e -2 8
13. Light shale, with hard bands___._.__.__.__ .- 2
12. Lightshale .. 3
11. Variegated shale. ... ... __________________ 2 3
10. Hardroek. ..l i___ 6
9. Coal, traces_ . .. 4
8. Black shale .. ... 11 6
T. Coal oo e 9
6. Lightshale _._ . e 2 7
5. Dark shale________ ... 3
4 Blackshale - . 14 5
3. Cap rock .. 1 5
2. Coal . 4 1
1. Fireclay o . 6
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Number 21 is to be correlated with number 2 of the preceding
section. Beyond the Eagle mine are the two Keystone shafts
and that of the West Riverside Coal Co., all of which reach
the same coal horizon. Between the We,st Riverside mine
and the mouth of Beaver creek the bluffs show the. presence
of both sandstone and shale, but neither here nor on the
opposite side of the river are the exposures of such character
as to warrant definite correlation. Along Beaver creek there
are practically no exposures of the underlying rock as would
be expected from the history of that stream. . The narrow
gorge of the Des Moines shows many exposures of shale and
thin beds of sandstone with a few coal outcrops, but the

strata have so little to characterize them they yleld nothing
to stratigraphic study. .

’ 'SECTION FROM CAPITOL HILL TO WALNUT CREEK
The beds found at Capitol Hill may, by means of the lime-
stones present, be readily correlated with those on the south
side of the river. These are quite well exposed at the south

end of the West Ninth street bridge, where the following
beds may be seen beneath the drift.

8. Shales, light gray . oo ooooo ool 6
7. Limestone ..o oo el
6 Brown sandy shales ... ____________._______.__.____ 5
5. Dark drabshales_____._.._.._.l......_.___ ____. 2
4. Light shale ..o ... 13
3. Limestone_ .. e 1
2. Light colored shales .. __________ el 10
1. Shaly sa.ndstones_--__-___---___--_« __________ eenee- 6

The base of this section is the Cth&D‘O Great Western rail-
way track, which is here forty feet above the river. The
upper limestone, number 7, is fifty feet below the mouth of the
Clifton mine on the hill. The Pioneer mine was located near
this point, the ‘‘ third”’ vein being found at a depth of 150
feet. On top of the hill, south of the section just described,
is the Clifton shaft.
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CLIFTON SHAFT SECTION.

CLIFTON SHAFT RECORD.

. FEET.
1) o i SN 11
Soft sandstone - . _...___. 2
Clayshale ..o ... 9
Limestone . _. ..o ... e em———- '
Clay shale . o ooeocoe oo oo 8
Limestone - - . oo e
Clayshale . oo oo .. .. 5
Black shale oo ool 2
Coal . ... .__. e e mmmm e
Fire clay oo oo 2

. Hard sandstone .__.........._ e 3
Soft sandstone . __ ... ... 3
Fire elay. = oo . 3
Clay shale - . 12
Blackshale ... .l . .. ..... 6
Coal - e [ 2
Fire clay_ oo oo . 6
Sandstone......... memm e S, P, 9
Fire elay - oo ee 6
Brownshale. . .o e 2
Coal. - e -1
Fire clay. - ool 16
Hard sandstone - - .o caieeaaoas 6
Fire clay oo oo __ e cmmmm—me 8
Clay shale._____________. e cam—a- 4
C0al - e 6
Fire clay_ oo oo - 13
Shale, black . . ... 10
Limestone - o oo _
Shale, blaek .o oo o oo e 3
Coal, iImpure - .. .coo ool .- 3
Roek . e
00T 2
Fire Clay - oo e 8
Sandstone - - oo o e e 2
Black shale ... _____ e 5
Sandstone _ oo .. 3
Black shale - oo B
Coal - i ciieeeaeeee
Fire elay o coo oo e eeieooos 4
Black shale .. .. .. 10
(070 ) SO 5

INCHES.

oD

10

11

10

"6
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- The elevation of this shaft is about 890 A. T. The section
cannot be exacily correlated with others in the vicinity
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though numbers 37 and 39 may represent the two limestones
which, near the bridge, lie thirty feet lower. The coal of the
Pioneer mine is believed to have belonged to the horizons now
worked in the Clifton mine.

The beds seen at the Ninth street bridge are again exposed

in the pit of the Capital City brick works a short distance
 southwest. The upper of the two limestones does not show
in the pit but is seen in the followiﬁg section.

CAPITOL CITY BRICK COMPANY,

FERT
5. Shale, ash gray - oo i 6
4, Limestone. .. ecaoo- %
3. Shale, drab to yellowish. _____.._._... _. e c—————— 6
2. Fire clay, purplish .__...____ e mme e 4
* 1. Shale, ight @ray. oo oo 10

Opposite this pit is the section at the foot of Terrace hill,
which is readily correlated with those already given.

TERRACE HILL SECTION.
FEET. INCHES.

9. Shale, light colored; exposed ....._....__._. 2 -
8. Limestone, impure, nodular, weathering

brown and containing fossils. .. __..._.__. 8
7. Shale, argillaceous, white and drab.. ... 5
6. Limestone, nodular, like number 8, but con-

taining fewer fossils. ... __._ . ____ ' 8
5. Shale, dark drab below, light colored above. 4
4. Shale, bituminous, fissile, withcoaly streaks. 2 6
EJR ) 3
2.. Shale, light colored, somewhat sandy____.__. 6
1. Sandstone, somewhat shaly, concretionary in

places, exposed above track level _______ - 6

Still farther west in the pit of the Des Moines Brick Manu-
facturing Co. the same beds may be seen.

SECTION AT DES MOII:WES BRICEK WORKS.

: FEET.  INCHES.
10. Shale, variegated, -with weathered band of

limestone _ . ___._____ e ——— 1

9. Shale,darkgray .. ... ... 2 -

8. Shale, ight gray - .ocoo oo _o_____.__. 3 6
7. Shale, impure, sandy . oo oo 3

6. Limestone _____ .__._______.._ SR : 1
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5. Shale, dark gray, clayey cacccee oo oo 4 6
4, Limestone . oo _ 6
2. Shale, dark and light gray ... _..________. 16
2. Sandstone,shaly - ... _______. ____ -2
1. Shale, hard, siliceous._ ... ... .____ 8

The coal seen at the Terrace Hill séetion appears again at

the usual horizon on the south side of the river near the old
Rose Hill mine.

RAILWAY CUTTING NEAR ROSE HILL MINE.

1 FEET.

120 Drift oo 10

11. -Clay shales, red and drab, va-

riegated ... . ... ___. 6
10. Limestone, earthy, nodular__. %
. -9. Shales, variegated ._._._______ 5
8. Limestone, impure, nodular __ 3
" 1. Clay, yellow and drab, varie-
gated. .o ... 4
6. Clav shale, dark drab, some-
what bitumizous_____.__... 2
5. Ironstone, black, nodular..___ 1
4.

Coal, impure ... ..o 3

3. _ Clay shale, hard, drab, some-
’ what sandy in places ... 15

2. Limestone, nodula,r_---__,--_.- 1

1. Clay shale, blue (exposed to
track level)

~ Below the base of this section, at a depth of seventy feet,
the Rose Hill Coal Co. formerly mined a seam two to four
feet in thickness. Near the mouth of Walnut creek (Tp. 78
N., R. XXV W., Sec. 11, Ne. qr., Se. 1) beds corresponding to
the last exposure may be made out.

FEET.
13. Redelay oo 3
12. Whitesandy clay __.._____ e ammmmmm————ae 3
11, Sandstone - .. oo e 8

10, Clayshale ..o oo e cciccomccacammmmna 13
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FEET
9. Limestone ..o - . iicemc oo s %
8. Dark drabelayshale .. . . ... 3
7. Clay-ironstone. ..o o .. cccceeeee oL e 3
6. Coal ... ______.___. e e—mememmem e et mmmmm e 2

LB Fire clay oo el 1
4. Variegated clay shale.._ .. ___ .. _______ -5
3. Limestone. .. .eoooooceoeoiiaoo-. e ¥
2. Sandstone...._. e e 8
1. Clay, light colored - ocaoe oo ot [ 1

This section fails to show the upper of the two limestones
éxposed in the other sections. Its close resemblance, how-
ever, to the last preceding section leaves little doubt as o
the correctness of the correlation of the outcrop.

Beyond Walnut creek the sections are not sufficiently
numerous to warrant definite correlation of the outerops.

DETAITLED STRATIGRAPHY.

In discussing the stratigraphy of the coal measures of the
county it will be convenient to consider individual districts
separately. The divisions are of course quite arbitrary as the
strata of each region are represented in the adjoining areas.
Between the districts, however, it is not possible in all cases
to make correlations with any degree of certainty. In some
cases the same uncertainty obtains as to the correlations
within the districts. The results obtained, however, are not
thought to be valueless. They may be considered in each
case as the expression of the greatest probabilities as shown
by évidence now in hand. Later prospecting and further

‘mining development will test them and make more definite
- stratigraphic correlation possible. Until the details are
much better known, and this knowledge can only come as the
results of work with the drill, general conclusions only are
‘possible, and the correlations here made must be considered
as working hypotheses only to be constantly checked and
amended. _ , 1 ’

The term coal horizon is used here in the sense proposed by
Keyes.* It does not mean a coal bed, but rather a strati-
" +Jour. Geol, vol. L, pp. 175-156. Chicago, 18%. Iowa Geol. Surv., IL, 165. Des Motnes, 1506.
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graphic horizon along which coal may be generally expected
to occur. Coal is not found at all points along a coal horizon;
nor is it found in equal thickness. The horizon does not main-
tain a constant level, entirely aside from any folding, or recent
deformation. The coal may vary greatly as to thickness and
position, and yet the general horizon is a marked stratigraphic
feature, and is often constant for a considerable area, as will
be seen in the following pages.

RUNNELLS-CARBONDALE DISTRICT.

The exposures along the Des Moines and its side ravines,
taken together with the results of mining and prospecting,
give quite full data throughout the district. About a mile
east of Runnells a cutting along the Wabash railroad shows a
coal seam as indicated below.

4.1 4. Coal impure _ oo e aeo_o_.. 4
—="1 ;7 | 3. Clay,drab - oo 10

2. Shale, bituminous .- . ... 1

1. Shale, light colored, exposed .._.. 8

Fia. 51. Ra.ilrod éutting near east county line, below Ruanells.

At Runnells the same coal seam outcrops and has been

" worked by slopes along the face of the bluff. More recently
new mines have been opened back from the river, the coal
being reached at a depth of forty feet. The coal has an
average thickness of about three and ahalf tofour feet. The
related strata are better exposed across the river at Ford,
where the bed has also been opened up by drifts. The Howell
Coal Co. in working here found that the seam thinned down to

six inches at one point, though elsewhere it was of normal
26 G. Rep.
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thickness. At a point near by a section measured by Dr.
Keyes* showed the horizon occupied by ]:ughly bituminous
shale. His section is as follows:

9. Drift and 10888 - - - oo e F?gn

8. Light yellow sandstone, soft, heavily bedded above,

‘ thinly bedded below, with much eclay_ ... _____. 35

7. Dark shale, highly bituminous in places, with hard

concretionary layers ..o o oeaoiocoo oo 2

6. Pire clay with sigillarid roots - - cocoooocommeooooo. %

5. Drabshales, somewhat sandy above ... _.____._ 12

4, White clay - ool 3

3. Soft sandstone, buff, heavily bedded_ oo ... __ 4 g
2. White el8y oo 4 .
1. Sandy and clayey shales; exposed to water level _____ 25

The sandstone of this section, number 8, is well exposed
along the river for some distance, and has been called in the
-survey reports the Ford sandstone. It is not so well>marked
north of the river, though the corresponding horizon shows
sandy shales with interbedded sandstone layers. Near Avon,
where the Chicago, Rock Island & Pacific railway cuts off
the nose of the bluffs north of North river, sandy shales, pre-
sumably of the same horizon, are exposed above the railway
track. Below the sandstone the followmg seetlon is shown
by mining operations.

' FEET
5. Clayshales. o ococmcam oo o S - B
4. Coal, s0ft - el 1
3. Sandstone, hard._ ..o oo oo 1
2. Shale, black - oo e 1
S S |

Near here a boring was put down and no coal was found
within forty feet of the horizon now worked. The elevation
of the coal is about 800 A. T. It malntams the same eleva-
tion for a quarterof a mile, being reached by numerous drifts,
in one of which the following section was measured.

FEET.  INCHES.
8. Shale, clayey, drab. o oomee oL y :

5. €08l e e cmmmemam————e 1 8

4 O Y ool 1 6

3. Coal oo L.l e o mb e m e md e me e 1 3

2. Fire clay e 2 6

1. Sandstone, in beds 3 to 8 inches thick ._______. 2 6

*Keyes: lowa Geol. Surv., I, 97. Des Moines, 1893.
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The coalisaboutonalevel with the railway track. Toward
- the north the coal and sandstone rise till the latter is exposed

to a thickness of ten feet, and underlying shales are seen. -
The dip on the north side of the anticline is slightly to the
“north, but mainly to the west, and is so pronounced as to
carry the coal down to the old level, within 400 feet, where
it has again been opened by drifting. The loess covers
everything more or less, so that the relations are not well
shown, but the sections in the drift mines and the pronounced
dip to the west make them evident. Still farther north the
coal maintains its usual level, as is shown by a series of
abandoned drift mines. At the Manbeck mine, still farther
north, the division in the coal seam becomes more pronounced
The general section at the mine is as follows.

FEET. INCHES.

12. Shale, light colored above, bitumi-

nous below._ ..o ___ 6
11. Coal o oo RO 1 3
10. Clay, drab, carbonaceous, “clod” .. 1
9. C08) - e 3
8. Fire clay, light colored ......______ 1 5
7. Sandstone, massive, yellow.__.___. 2
6. Coal oo e ailao 1 2
5. Fire clay and gray shale, ‘‘soap-
[ 70) (LSS 12
4. Shale, bituminous, hard and com-
PACH - oo 3
3. Ironstone, irregular,nodular ____.. 1 8
2 Coal oo e 3 4
1. Fire éla,y .......................... 3

F1G. 52. Part of shaft of Manbeck mine. North of Avon.
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Numbers 9 and 11 seem to represent the Ford coal horizon.
Number 6 not improbably also belongs with them.
Just north of the mine the railway makes a cut along the

face of the hill. Here Keyes has measured the following

section.

‘ ' . FEET. INCHES.
10, Drift i e eeceiean 6

9. Drab and brown clay, white in places, sandy

ADOVE e e e e 6
8. Coal o . 8
7. Sandstone, thin bedded .________________._. - 4
6. Clay, white, Sa0aY- o ccoeeoomeoo o 3.
5. Sandstone, heavy bedded ... ___._..._.___ 5
4, Sandy shale ... 1 6
3. Coal oo e e e 1 4
2. Drab clay, exposed.__.._._... mceceemammen 1 2
1. Unexposed to water .._l.ooo._.____. imnae 25

Number 3 of this may best be taken as representing number
11 of the preceding section. | '

Across the river from the Manbeck mine, at the location of
the Newman Brothers brick plant, is a seam of coal marking
the same horizon and represented in figure 53.

e ——
— — .

¥1G. 53. Rallroad catting. One mile east of E[a§tie.

FEET. INCHES.

9. Drift oo o me el e 4

8. Shale, sandy, yellow . ccoeeooomooeoon ————— 30

7. Shale, bituminous - oo ooceeeeeeo . 3

6. Coal . e 3

5. Clay, white and ash colored .. ______________ 2

4, Coal, Impure. - aiicammeooo 6
3. Shale, yellow and White .caeeecccae .. 4

2. Coal, iMpure .. oo

1. Shale, dark drab; exposed, «ccaccceccmaaoccoao 6
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The coal of this horizon was formerly worked by the Wood-
lawn Coal Co., by means of a drift. A higher seam with a
thickness of twenty-eight inches is known to outcrop about
thirty-five feet above its level. The mine of the Towa Coal &
Mining Co., located at the same place, shows a lower seam
three to three and a half feet thick, lying about thirty-
five feet below the Ford coal horizon. Still lower by an
interval of twenty-five feet, a seam three feet eight inches
thick occurs, and fifty-four feet below this a fifth horizon is
marked by three inches of coal. At Hastie coal which would
seem to represent this lower horizon four feet thick was form-
erly worked at a depth of 100 feet. The coal worked in the Car-
bondale mine seems to belong to-the same horizon. A boring
just put down near their new mine, number 2, showed the fol-
lowing strata.

FEET. INCHES.

21, S01l - e e e emmmcamcmeim———— 2

20. Marly clay - oo oo S 17

19. Sand and elay. cmen oo aaaae 3.

18. Grayshale . oo ccmamaceaaol el 39 5

17. Sand rock and shale._... emmmmemmmm—————— 3 9

16. Limestone, White.,'briiitle---_-----__;-__._-_- 1 10

15 Shale, light blue ..o 1 6

14, shale,sandy . ooooommooo ool eee 8 4

13. Shale, light blue_ .o 1 4

12. Sandstone - oo iioaas 1 6

11. Shale, gray «ccaao oo eieoees 2

10. SandStOne .o e oo mman 3 4
9. Sandyshale . ... 12 -9
8. Grayshale ..__.___. N recm—eememesce~e—me= 5 5
7. Coal and blackjack. .o oceeooooocooaomeooon 1 2
6. Fire clay. o iocmeeccooccmemcmemeeceeeen 1 8
5. Grayshale - . 1 1
4. Rock, hard, gray .--------- [ 7
3. Roek, hard, blue - o 3 8
2. Shale, black .. oo 3

W3, Coal Lo 4 4

This record was proved when the shaft was sunk. In seec-
tion 10 (Tp. 78 N., R. XXIII, W.) a boring showed a slight diif-
ference. The record is as follows. ~
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FEET.  INCHES.
34, S0il e 4 '
33, YelloW Clay —ooc oo oo 15
32, Sand and elay. oo 23
31, Blueclay ..co....C Y. S
30. Gray soapstone .. .o coommcicmceieceaoo 5
29. Blueclay -ooo-... e I 39 T
28. Black shale ... . o oo 3
27, Sandstone. .o oo e meeceoeos 2
26. Grayshale ... ... __. e emm - 6
25, Black slate  .ocan oo i ieaiaas 1 6
24, €08l . oo o cieeccmaman 8
23. Fire cl BY e cmmm e mmmmececmmemccmm—c e 3
22 Gray soapston'e___---__--_-----_--; ......... 4
21. Black shale _..._.oo.ooceooooo .. 22
20. Coal - o d—eaaes 4
19, PYrites - oo oot e .8
18. Fire clay..... e mmmecmmmmme e ee 3
17. Softsandstone ... oo i 1
16. Shale, clayey, white ..o o aaan- 6
15 Sandstone - oo emcceaceccmeeainees 1 6
14. Shale, clayey, brown ... ... _. — 2 6
13. Shale, black - oo oo 10 6
12. Sandstone - oo il 1 6
11. Shale, clayey, white_. ..o _.._ SUNPUR |
10. Sandstone, gray, hard .--.oooccooocooooo. 3 .
9. Pyrites -« ocmcm e ———- 1
8. Shale, gray oo a2 19
7. Sandstone,hard .. . .. __l ... 6
8. Shale, gray - oo e 13
5. Roek, hard. . oo 1 6
4, Shale,black .o oo 2 6
3. Pyrites oo oo ceiecmcccne- 3
2. Shale, black . .. 2
1. Coal._....._.. S, SO, 4 9

Number 1 in each record seems to represent the same hori-
zon. Number 7 of the first apparently is not represented in
the second, while numbers 20 and 24 of the latter are not rep-
resented atthe shaft. - In the same section with the last given
boring a seam twenty-eight to thirty-two inches thick crops
out along a ravine. It not improbably represents number
24 of the boring. A boring made in section 9 (Nw. of Ne.)

‘shows five feet of coal at sixtyfeet. Asthis boring was started
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on the upland, the coal probably belongs to the horizon of
number 24. , ' |

The thin seam outcropping along the ravine would seem to
belong with the Ford coal horizon. The thicker vein found
below number 20 6f the last record, not unlikely represents
the lower coal mined at the Manbeck mine, or the Manbeck
horizon. This horizon does not seem to be generally repre-
sented and is apparently of local importance only.

Not far from this point the Crescent Coal” Co. of What
Cheer, Iowa, did some prospecting in 1893. One of the bore
holes was carried down to the Saint Louis, and through the
courtesy of Mr. S. W. White, vice-president and general
manager of the company, the record is given below. It is of
interest in that it was put down by experienced men with a
diamond drill, and hence is particularly reliable. The coal
seams found agree well in position with those known in the
surrounding mines, number 17 probably representing the-
Hastie horizon. The nearness of the Saint Louis to the sur-
face and the absence of lower coal seams is disappointing.
The presence of black slate, number 11, twenty feet below
the coal worked, may be considered as hopeful.

FEET. . INCHES.

31. Surface material __ . o 10

30. Sand and gravel ........__. e 26

29 Blueclay. . o o iccceeeeeiaaee B

28. Siate - oee.oceoeooioo- S 12 8

27.. "Coal ... ... s SIS § 4

26. Fire clay . oo eceicmem e 3

25. Slate ceoooieeiioieeon. e 3

23. Fire clay e e e e 4

22. Sandstone ... oo oooceeoo._. oo 22

20. Fire clay, mixed with coal - ... __.___ 1

19. Sandyfire clay ..o ooooa . 4

18 S0apsStone - oo i eeaioeos 4

17. Coaland fire Clay v eocccoe ool 1

16. Fireeclay .ol 2

15. Slate .l o e - e 2 6

14, Sandstone. .. oo cccemea- 8 6
13, Slate .__.. e e e 3

12, Sandstone - ool 2
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' FEET. INCHES.
11. Black slate 2

10. Fire clay, with soft sandstone.._...__.______ 6
9, Sandstone .. oL 16
8. Blue hard roCK.ceeecme cccmedmacee e aens 4 6
T. SandStone ..o ool iiiicmccaaas 6 6
6. Slate e e 6 §
5. Bluerock ... oo 1 3
4, SOt S1AEE o oo .5 3
3. Hard blue rocK . e ce e cceeeaeem 1
2. Softslabte e e e c———— 17
1. Limestone. o ccemoccccc e ecccmcccaaee- 3 6

The horizon found here, number 17, with that worked in
the Carbondale mine, is probably the one worked in the
Christy and Gibson mines on IFour Mile creek. Near the
Gibson number 2, a bore hole showed the following strata.

‘ FEET.
13, S0il o eiccedaa2 il 2
12. Red sand - cace oo i e cccccaaaaaan 12
11, Blue elay. oo eimceecae 32
10. Soft clay and sand oo mimmcaoae. 10
9. Shale, blacK . oo 32
ST 77 U e mmmm e 38
7. Fire Clay oo caccmamcmccccme e 4
6. Sandstone, SOft - o e i emcamas 5
5. Shale, black . ao i cimas 15
4, Cap r0CK e 1
TR O USSR 4%
2. Fire Clay . cacee e e 2%
1. Sandstone . . e e e —————— 7

The upper coal here, number 8, is not shown in several
other borings and does not seem to be particularly persistent.
In general position it corresponds to the first seam below
that now worked by the Iowa Coal & Mining Co., but nothing
more than this can be safely asserted. The 1ower seam, num-
ber 3, has been located over a considerable terrltory by the
Gibson and Christy mining companies. But little doubt of
its equivalence with the seam mined at Carbondale and form-
erly mined at Hastie, need be entertained. Since it was first
mined at Hastie it may convemently be referred to as the
Hastie horizon. The Runnells, Ford, Avon and Woodlawn
drifts took coal from the Ford horizon. The Manbeck hori-
zon is probably represented over the Carbondale lands and
possibly includes the Morgan Valley coal. The coal lying
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thirty feet below that now worked at Morgan Valley can not
be correlated, unless it be with the seam lying twenty-five to
thirty feet above the Hastie horizon at the Gibson mine.
This correlation is, however, doubtful. = ‘

In general the Ford and Hastie horizons are workable
throughout the regions. At the Manbeck mine the Ford coal
is not now worked because of the clay slips present, and for
the same reason the Woodlawn company found it an expensive
~vein to work. The Hastie horizon seems to show less coal to
the southeast, but is fairly reliable throughout most of the
district.

EAST DES MOINES DISTRICT.

Mines were early established along the south and east fronts
of Capitol Hill and the region has been very thoroughly pros-
pected. The record of the strata at the Giant mine is typical
for the district and has been recently verified by the sinking
of the new Eureka shaft, where the first vein, 4% feet thick,
was found at 54 feet; the second, 3% feet, at 71 feet; and the
third, 4 to 5%, at 107 feet. |

.M

—2 o]

e GIANT SHAFT RECORD.

FEET. INCHES.

11, Drift oo ool 40

10. Shale, black and bituminous

below, light eolored above.____ 16
9., Co0alomoc oo 4
8. Fire Clay--ooomomooomemmoeee 2
7. Shale, light colored. . .. ... __ 12
6. Shale, bituminous -__.______.____ 5 6
5. 0oal... oo oo 4 6
4. Fire clay oo 4

3. Shale, light colored above, bitum-
inous below_ . oo 30
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Fic. 5t Shaft of Giant No. 1. East Des Moines.
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The three veins found here were worked by several mines.
The coal of the lower vein was found to thicken and dip to
the east. In mining in that direction the entries were driven
into a region where the thin roof broke through and flooded
the works. _ _

The Giant shaft was sunk on the west side of the old Des
Moines valley previousljr noted. Along its eastern side a
series of mines, the Maple Grove, Union, and Western, have
more recently been opened. These are on higher ground, so -
that it seems most probable that they do not mine the ‘‘third”’
vein, if indeed they get down to the ‘‘second’ vein. Any
correlation, however, across this valley is quite open to ques-
tion. Ina general way the Gibson number 1, which corre-
lates well with the mines of the Carbondale-Runnells district
may stand as a connecting link between the two districts. In.
this case the third vein at the Giant shaft Would probably
represent the Hastie horizon.

At the south foot of Ca.pltol Hill the old Watson mine for-
merly took coal from a depth of forty feet below the railway
track. If this Watson coal represents the first vein of the
Giant shaft, as will be seen to be quite probable, and if, fur-
thermore, the coal at the foot of Capitol Hill be the same as that
now exposed at a corresponding level near the old Pennsylva-
nia shaft on the south side, then the first vein on the east
~ side would represent the horizon of the second of South Des
Moines. The three veins.of East Des Moines are believed to
be represented in the three hov 1z0ns mined in North Des
Moines.

BERWICK DISTRICT. v

In the vicinity of Berwick there are no mines, and but little
prospecting has been done. A well put down for Mr. H. H.
Taylor was carried down to a depth of 307 feet. The well
started in the valley of Four Mile creek, perhaps ten feet
above the railway, which would give an altitude of about 860
feet. The drift was about ninety to 100 feet thick and a three-
foot vein of coal was struck at about 200 feet. In a second
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well put down upon Mr. Taylor’s land a thickness of sevehty-
two feet of drift was penetrated, below which were 100 feet
of alternating sandstone and shales. In the Clendenin well
near Berwick (Tp. 79 N., R. XXTIIW., Sec. 17, Nw. qr., Sw. 1),
situated well up on the upland, with an altitude of about 900
feet, coal four feet thick was encountered at 270 feet. The coal
struck in these two mines would seem to lie lower than
that worked upon the west side of Four Mile Ridge in the
Union and Western mines. It not improbably represents one
~ of the horizons worked in East Des Moines, but it is impossi-
ble at present to say which -one.

ALTOONA-MITCHELLVILLE DISTRICT.

A mine was formerly operated at Altoona, being located just
west of the station on the Chicago, Rock Island & Pacific
‘railway. A section as shown by the shaft is figured below.

7. Drift and Carboniferous clay .. _...._ 110
6. Shale - .o . 60
5. Sandstone . oL 15
4. Coal . .. 13
3. Shale . e 15
2. Coal o e 4
1. Pireclay oo . 1

FiGg.55. Shaft of mine at Altooua

The coal bed showed the usual undulations and had a gen-
eral dip to the south. Both east and west of the shaft the -
coal became thinner, but it thickened in the direction of the
dip. The mine was closed because of the water which came
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into it. Near Mitchellville, and just outside the county, coal
- was formerly mined at the Cook shaft at a depth of ninety
feet. The section shown by the shaft was as follows:

FEET.
& DIt o e emecccmmemam———————— 217
7. Blackshale - iemeea- 3
6. Coal...__..... L SO 1
5. Shale, gray and black _ ..o cmaieeaaeao- 40
4. Coal Lo i eeiceciana 3
3. Shale, blackand gray o coc o cddemnaa 15
2. Coal L e mc e 4 5
1. Fire €lay oo e

Three miles north of Mitchellville a test hole showed the

following strata.* :
FEET. INCHES.

17, Drift o o e 64
16. Yellow sandstone - cccmceacecoccacecacax 4
15. Blueshale . icaeaes 1t
- 14 Blackshale ... ... R 2
13. Limestone - ... o oo iicccmcoaoaas _ 6
12. Coal, imMpPure. e oo ecee e eeen 2
11. Grayclayshale . oo ool 8
10. Black shale o oo oo 66
9 Blueclay shale_..___. e emm e mmcmac————- 21
8. Sandstone with pyrites - ... e 3
7. Grayclayshales. .. coocmoomaeoool_. 5
6. Sandy shales - cocomeooo oo ccmceenns 4
5. Grayshales - oo e 12
4 Sandstone with pyrites. ...oeeooceeeoooaooo. 16 3
3. -Gray clayshales. . __. 6 4
2. Calcareous laminated rock ... ... 23 6
1. Limestone with marly partings ... 16

Numbers 1 and 2of thissection may be referred to the Saint
Louis. It is quite impossible to correlate the strata at
Altoona and Mitchellville with those occurring elsewhere in
the county. On all sidesbetween those points and the nearest
productive mines is unprospected territory.

SAYLORVILLE DISTRICT.

On the north side of the old valley previously mentioned,
coal has been encountered at a few points. The only mine at
*Second Bien. Rept. State Mine Inspector, p. 115. Des Moines, 1885. )



PPV PaR R TR RPN I T T

POLK CITY SECTION. 323

present being operated is that of the Des Moines Coal Co.
This shaft is 166 feet above the waterlevel or 942 A. T. Three

coal horizons were penetrated as is shown by the following
record. ' |

¥EET.
24, Drift o e 49
23. Soft sandstone. . oL 6
22, Blackshale ...l 12
2L, Fire Clay . oo e 12
20. ROCK . e 1
19, Fire clay .. e 3
18. Blackshale oo, 5
17. Fireclay oo e mmm s 4
16. Sandstone - ..o eeaes - 3
15. Fire clay and sandstone .- ... __.____ - 22
14, Hard rock. i emmmemeeeee 1
13, Fire clay- oo e 6
12. Shale, gray oo 4
1L Coal L e 23
10. Fireeclay . ... _____ PR IR I
9. Blackslate_ __ ... . 2
8 Hard rock . e cceeemans S 1
7. Black slate, with some coal..-_____.._..___.___..:._ 4
6. Fireclay. . . .. e e 2
5. Hard rock. o e 3
4. Gray SBALE — - o oo 31
3. Coal oo e 43
2. Fireclay. . oo 13
1. Sandstone. o . 3

The lowest seam here seems to be best correlated with the
first seam worked in the mines in East Des Moines. It has
only been opened up by the one mine near Saylorville, though

the upper seam was formerly worked out under the Poor
Farm. .
POLK CITY DISTRICT.

‘At Polk City the White Ash Fuel Co. operate a mine, taking
coal from a depth of of 238 feet. The seam is split into two
benches by an eight inch layer of black shale. The upper
bench measures two and one-half feet, while the lower is one
foot thick. The altitude of the mine is about that of the Say- -
lorville shaft. There is no good record of the strata at this
shaft, and no satisfactory correlations are now possible.
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Farther north no coal is mined along the Des Moines within
the limits of Polk county. A short distance beyond High
Bridge (Tp. 89 N., R. XVI W., Sec. 14, Nw. qr.) there is a
small country mine. Five seams of coal are claimed at this
place. The first is shown in the bed of a stream near the

" mine and is fourteen inches thick. It was encountered in the
shaft at a depth of sixteen feet. At forty feet a twenty inch
vein was encountered, and at eighty-seven feet is the twenty-
eight inch vein now worked. Borings are said to have shown
a twenty-four inch bed, twenty-one feet still lower down, and
four feet of coal at a depth of 171 feet. The property has
not been developed and the extent of the beds is unknown.

COMMERCE DISTRICT.

The coal measures are exposed in the north river bank at
at this place as is shown by the following seetlon

6. Drift e 25
- 5. Clay shales, passing into sandy shales___.____. -nan 20
4, Buff sandstone, soft, thinly bedded ______.____..____ 15
3. Variegated clays - oo i 10 -
2. Blue limestone, in three layers, separated by part-
ingsof marl . oo ooaeoeo e 2
1. White shales (exposed to water level) ... ___.____ 1

The three limestone bands are thought by Dr. Keyes to be
‘the three which are seen in the hills at Des Moines. It is,
however, impossible actually to trace the connection, though
- the correlation has every element of probability. The buff
sandstone, number 4, is about on a_level with the railway
track. The mouth of the Merchant mine ig not far from the
same level, so that the coal now worked liesat about 750 A.T.

" NORTH DES MOINES DISTRICT. -

The thin seam of coal, number 2 of the Flint Valley section,
which crops out along the river, was formerly worked at
several points by drifting. More recently the Bloomfield,
Flint, Lake Front, Oak Park, Eagle, Keystone 1 and 2, and
the West Riverside mines have been sunk to a lower horizon
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number 2 of the KEagle shaft section. These two horizons
seem to be persistent throughout the district while certain
intermediate ones are not so well marked. The upper coal is
seen by the section from Capitol Hill to Beaver creek to be
the same as that exposed at the dam and at the foot of the
hill. The lower horizon would accordingly represent the
third worked in East Des Moines.

The limits of the two horizons are not as yet worked out,

and it is to be expected that considerable additional territory
will be found to be underlain by workable coal.

SOUTH DES MOINES DISTRICT.

On the south side of the river at Des Moines, there are
three horizons along which coal has quite generally been
- found. The first lies but little above the river, and has been
at some points opened by drifting. The second is found about
sixty to eighty feet below the bottom lands, and the third |
from 120 to 150 feet below the same datum. These three are
not, however, the only horizons present, as may be seen by a
study of the Clifton section already given. They do not
always occupy the same level, as is evident-if one compares
the Clifton record with the following boring made near the
old Bloomfield mine and starting fifty feet below the Clifton.

FEET. INCHES.

55. DIt o 15

54. Clayshale . .. cme-= 10

53. Shale, light colored . . . ... 3 8
52. Sand and clay shale .. . oceoceooo.. 3. 2
51. Light gray clayshale .o _______ 3 2
50. S0ft SANASEONE o o emm e oo 2 2
49. Light colored clay shale oo 3 10
48. Sandstone . s 10
47. Lightclayshale. oooooooo ... [ 4 2
46. Gray shale, hard ... L. 4 9
45. Soft sandstone . - e ceeaa 6 5
44. Clayshale oo aaa. -—- 3 8
42, SandStONe..oeeeeooeocoeoccccmcccecceeaeae 9 n
41. Clay shale, hard . ooooo o ooioooooooloo 6

~ 40. Potters clay and sand
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FEET. INCHES.

38. Clay shale, light .o oeoooooo. . 6 3
37. Clay shale, dark gray . .. - oo oo... 2 2
36, Coal - aas 6
35. Dark clay with coal coeooaoooooio o oo 1 6
34 Fireclay oo 3
33. Sandstone ... ooee oo . 2 4
32. Gray clay shale ..o..._.___. e mmcmm— e 2 4
) T 07 5
30. Fire Clay .- ccor amcmcece o micemciaans 3
29. Sandstone ...oee.o oo memmieermemmeama. 5 5
28. Hard sandstone with pyrites. ... .. 6
26. Brown coal and shale. _._.__. e cwemmim———iae 1 6
25, Sandstone. .. icccaeanan 4
28 ClaY oo oo e e 5
23. Sandstone .- 1
22 Lightelay .cceoimene comce ceceeeccaeecac2 D 8
21. Dark brown-clayshale. ... . oo L. 1 4
20. Light hard clayshale .. . __.___...._. 2 6
29. Soft clay oo amaaaacaes 2 2
18. Hard light clayshale .. . o .___. 1 6
17. Sandstone . .. i icmcicciaciia.-- 4 10
16. Hard dark brown clay shale ... ... 6
15. Sandstone with pyrites..--cuocoociocaoa- 1 3
14. Dark brown clayshales. ... ... ___.__.__.. ] 5
13, Coal .o e i 1 6 -
" 12, Fireelay . oo . s - 2 1.
11 Sandstone.__._... oL e 1
10. Dark brown clayshale - . oo oooooo.__ 12 5
9. Impure coal and pyrites. occaocoao oo 1
8. C08L e e 1 6
7. Impure coal with pyrites. .. . _.__._.__. 1 4
6. Coal -l e ileoon 6
5. Impure coal with pyrites.___ .. _..____ 3
4. Coal .o e m—em—— e 1
3 Browxrclay-_---_____-_--_,-__--___; ......... 10
2. Fire clay . . oo e A 4
1. Sandstone. ... -2

If the lowest of the seams present, including numbers 4-9,
“be considered as the equivalent of the ‘‘ third”’ vein at the Clif-
ton, Proctor, Coon Valley and other mines, then the ‘“upper”’
vein at these latter mines is represented in the Bloomfield
boring by three other bands, numbers 26, 31 and 36. The
“middle” vein, as developed elsewhere, is not present, and
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instead, number 13 stands as the representative of number 4
of the Clifton record, a vein not taken into account in current
v_nomenelature' The lower vein has been shown by mining
operations to be continuous in many of the south side mines
‘and may well be taken as a datum plane. Upon this basis the
‘three major veins fall into order fairly well when proper
allowance is made for the rolling which is characteristic of all
of them. There is some doubt, however, as to the correlation
of these horizons with those worked elsewhere in the city.
Opposite Capitol Hill, at the south end of the Chicago, Rock
Island & Pacific. rallwa,y, the following section is exposed

' '~13. Lightshale

12. Limestone. oo oo ao i 3
11, Light and dark shales. ... . . ___ 8
- 10. Thin bedded sandstone. .. ... ... ______. 15
9. Talus ..ol e 6- 10

8 Coal.__.__... U SOt 23

7. PFireelay. oo 13
6. Variegated clayshales _..____..__...___ T, 3
5. Lightsandy clayshale ... ________________.______10
4. Thin bedded sandstone ..o __.___________ 3
3. Drabelay -.o_..___. [ . S 1
2. Clay-ironstone _ ... ___ e 1

1. Bituminous sandy shale ... ___Z____________ 2 -

The coal (number 8), sandstone (number 10) and limestone
(number 12) all find their counterparts in the Capitol Hill sec-
tion in sight from this exposure, and there accordingly seems
little doubt that the coal here, which is the ‘“‘upper’ seam
“of the South Des Moines district, is number 4 of the Capitol
_ Hill section. This would, as has been seen, make the second
* vein on the south side the first on the east side. It is prob-
able, though not certain, that the third is the same on both
sides of the river. The second as found on the east side
. may be unrepresented in South Des Moines, or may be equiva-
lent to the coal already mentioned as occurring in the Clifton
and Bloomfield ‘mines, a short distance above the ‘‘third”
coal. This correlation takes into account a thickening of the

strata with a dip to the bOU.'DhWQSt
2 G. Rep
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LOWER COAL HORIZONS.

Whether or not coal of workable thickness exists below the
horizons now worked is a matter of considerable economic
- importance. While the coal horizons now known are more
than sufficient to supply present demand as well as any addi-
tional probable demand for some time to come, still when the
mines near the city have worked out their territory, it will be
necessary for them either to move farther out or to find new
horizons lower down. The former entails considerable initial
~ expense and the permanent charge for transportationinto the

city. Undersuch circumstances lower coal seams will become
valuable. With almost no exception the actual location of
workable coal throughout the Towa coal field is the result of
“drilling. The horizon may in most cases be approximately
located by stratigraphy, but the location of the workable coal
is by drilling. What holds true in general is equally true of
the case in hand. The general stratigraphy shows that the
seams now worked are some distance above the base of the
coal measures.. Indeed they lie well toward the middle of the
formation as it occurs in the county. In all the miningin the
counties south and east of Polk it has been abundantly proven
that the lower is the most productive portion of the forma-
tion. - Indeed, the coal found in Keokuk, Mahaska and
‘Wapello counties occurs so near the underlying Saint Louis
limestone that its deposition has been conditioned by the
irregularities in the surface of that formation. This portion
of the coal measures is below that which has been prospected
at Des Moinés, and while it may not prove as productive in
this area as it has elsewhere in the state there is no reason to
doubt that it carries considerable coal. Aside from this gen-
eral fact, however, there are ce.r_tain others which seem to be
confirmatory. A section -along the Des Moines river from
Harvey to Des Moines™ shows the presence of several coal
horizons which are stratigraphically beneath the beds exposed

in Polk county. It is certainly to be expected that some of
*Keyes: Iowa Geol, Surv., I, 94. Des Moines, 15893.
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these will be found to be productive in part at least. In a
previous portion of this report it was suggested that the irreg-
ularities in the position of the coal beds of South Des Moines
were to be explained by the presence under them of either an
unconformity or a lower coal seam. Thereis no independent

‘evidence of unconformity though local unconformities are

known to occur throughout the coal measures. It would
seem, accordingly, that the evidence here would at least fit in
with that derived from other sources, and would indicate the
presence of lower coal. The actual test of the matter must
of course be by drilling, but, if one or even a half dozen drill-
holes were to be considered conclusive, the question would
now be settled. A very brief experience with such work will
convince any one that a large number of carefully made drill-
holes are necessary to obtain any reliable results. For
example, it has already been shown that the drill at Green-
wood park passed far below the horizons known to carry coal
on all sides of the park and yet no coal was found. It is cer-
tainly fair to conclude that the absence of coal lower down in
the same hole isno proof of its absence throughout the county.
Two other deep holes have been put down in the vicinity.
One was at the court house, the other near Saylorville. At
this time it seems impossible to get any definite and accurate
information with regard to these holes, but it is reported that
they did not show deeper coal. Some time since the Crescent
Coal Co. of What Cheer put down two diamond drill holes,
starting on the bottom lands near Des Moines and carrying
the borings down to the Saint Louis. These showed the'
probable presence of lower coal horizons, but not, at that point, -
of coal. The drill hole at Valley Junction is said not to have
shown coal, while a deep hole at Commerce shows several
horizons, at least one of which is workable. |

On the whole it may be said that the prospect for finding
lower coal is quite good but that there is no reason to sup-
pose that the coal is any more evenly distributed than that
now known, and its definite location calls for the same per-
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sistent search that is made elsewhere when new coal fields
are developed along the horizons already known. Inall such
work definite negative evidence is only obtained by carrying
the holes down to the limestone, which may be anywhere from
200 to 400 feet below the river level.

FAUNA OF THE COAL MEASURES.

The beds exposed at Des Moines are quite frequently fos-
siliferous and considerable collections of characteristic forms
may easily be made. Many of these forms were described
and others were noted by Dr. C. R. Keyes during his resi-
dence in Des Moines. He has been so good as to summarize
his published notes upon these fossils and to add to the list
certain more recently noted forms. The species found belong
to two distinet faunas, the one characterizing the thin lime-
stone beds noted previously and the other ‘oceurring in the
_shales associated with the coal seams. In the following list,
prepared by Dr. Keyes, the two faunas have been separated.

List of Carboniferous Fossils from Des Moines.

(BY C. R. KEYES.)

SPECIES IDENTIFIED FROM THE SHALES..

- R PROTQZOANS.
Fusulina cyclindrica Fisher. |
‘ CORALS.
Léphopﬁyllum proliferum McChesney. A
ECHINODERMS.

-

Archzeocidaris edgarensis Worthen and Miller.
Eupachycrinus sp.?
BRYOZOANS.

Rhombopora lepidodendroides Meek.
Ss nocladia biserialis Swallow.
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BRACHIOPODS.
Lingula umbonata Cox.
Orbitoidea nitida Phillips.
Productus nanus Meek and Worthen.
Productus cora D’Orbigny.
Productus muricatus Norwood and Pratten.
Chonetes Izvis Keyes. -
Chozrnetes flemingi Norwood and Pratten.
Ckonetes mesoloba Norwood and Pratten.
Derbya crassa (Meek and Hayden).
Spirifer cameratus Morton.
Spirifer lineatus Martin,
Spirifer rockymontanus Marcou.
Athyris argentea Shepard.
Hustedia mormoni Marcou.
Rhynchoznella uta Marcou.

LAMELLEBRANCHS.
Lima retifera Shumard. )
Myalina swallovi McChesney.
Aviculopecten coxanus Meek and Worthen.
Aviculopecten neglectus (Geinitz).
Aviculopecten whitei, Meek.
Avicula longa (Geinitz)
Nuculana bellistriata Stevens.
Nucula beyrichi Schauroth
Nucula parva McChésney.
Nucula ventricosa Hall
Macrodon obsoletus Meek.
Schizodus sp.?
Schizodus alpina (Hall).
Pleurophorus permianus Swallow »
Pleurophorus subcunzatus Meek and Hayden.
Clinopistlia radiata Hall ‘
Solenomya soleniformis Cox
Astartella vera Hall.

GASTEROPODS.
Dentalium meekianum Geinitz.
Dentalium annulostriatum Meek and Worthen.
Déntal{um subleve Hall,
Bellerophon percaripatus Conrad.
Bellerophon monfortianus Norwood and Pratten.
Bellerophon carbonarius Cox.
Pleurotomaria brazoenis Shumard
Pleurotomaria grayviliensis Norwood and Pratten.
Pleurotomaria carbonaria Norwood and Pratten

o
3

31
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Pleurotomaria modesta Keyes.
Pleurotomaria sphaerulata Conrad.
Plearotomaria valvatiformis Meek and Worthen.
Maurchisonia quadricarinata (Worthen).
Straparollus catilloides (Conrad).
Straparollus pernodosus Meek and Worthen.
Naticopsis nana (Meek and Worthen).
Trachydomia wheeleri (Swallow).

Loxonema scitula Meek and Worthen.
'Loxonema multicosta Meek and Worthen
Soleniscus newberryi (Stevens).

Soleniscus humilis (Keyes).

Soleniscus gracilis Cox.

Soleniscus paludinzformis (Hall).
Spharodoma medialis (Meek and Worthen).
Bulimorpha minuta (Stevens). '

. Bulimorpha? chrysalia (Meek and Worthen).
Orthonema conica Meek and Worthen.
Actzonina minuta Stevens.

Aclisina minuta (Stevens).

Aclisina robusta Steveus.

Streptacis whitfieldi Meek.

Anomphalus rotulus Meek and Worthen.

CEPHALOCPODS.

Orthoceras rushensis McChesney.
Orthoceras fatslerensis Keyes.

Nautilis lasallensis Meek and Worthen.
Nautilis occidentalis Swallow.

Nautilis winslovi Meek and Worthen.
Gouniatites nolenensis Cox.

< CRUSTACEANS.
Cythere nebracensis Geinitz.
Phillipsia sp.? 4
VERTEBRATES. -
Thrinacodus duplicatus? (Newberry and W orthen). A

Deltodus intermedius St. John and Worthen.
Petrodus occidentalis Newberry and Worthen.

SPECIES FROM THE LIMESTONES AT DES MOINES.

» CORALS.

Lophophyllum prolifirum McChesney.

Cyathophyllum torquium Owen.
ECHINODERMS.

Eupachyerinus cragini Meek and Worthen.
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BRYOZOANS.
Rhombopora lepidodendroides Meek.
Synocladia biseralis Swallow.

BRACHIOPODS.
Chonetes fl:mingi Norwood and Pratten.
Chonetes mesoloba Norwood and Pratten.
Rhynchonellz uta Mareou.
Hustedia mormoni Marcou.
Athyris argentea (Shepard).
Produactus semireticulatus Martin,
Productus muricatus Norwood and Pratten,
Productus cora D’Orbigny.
Productus costata Sowerby.
Spirifer Iineatus Martin.
Spirifer cameratus Martin. ‘
Spirifer planoconvexus Shumard. ' ~
Spiriferina kentuckensis Shumard.
Derbya crassa (Meek and Hayden).

“These faunas are remarkable on account of both the number and variety of
species represented and the great numerical representation of individuals The
fossils are-in an excellent state of preservation, enabling the minutest details of
ornamentation to be clearly made out. Hence they are of more than local inter-
est from several points of view. . . -

There are two very distinet faunas represented. The one is a characteristic
shore or brackish water phase, and is distinguished by great the predominance of.
gasteropods and lamellibranchs. Itisfoundrepeated ata number of horizons. Its
best development is in the bituminous shales over the coal beds.  The other
fauna is a more strictly marine one, in which the species are prevailingly bachic-
podous and coralline. It occurs at three different horizons, in as many thin bands
of limestone, none of which are over ten inches in thickness. All three horizons
are present in the tops of the hills along the Des Moines. At the south end of Capi-~
tol and Terrace hills and in the bluffs of the Raccoon river the fossils are abun-~
dant. ) .

In the general section already given the limestones from which the above fos-
sils were collected are numbers 9, 11 and 17. The shales. yielding most of the
fossils were number 15, and the beds found immediately over the coal seams in
the various mines .

With regard to the fossils, certain general conclusions have been drawn.

- (1) In those zoological groups having an optimum marime habitat, there are
not only a small number of species present, but also an extreme paucity of indi-
viduals. ' ‘

{2) The brachiopods, though well represented in hoth genera and species,
were not proportionately as abundant as might be expected when it is remem-
bered that this type of life had nearly reached its gréat.ess expansion and culmi-
nation at the time these beds were deposited.



334 GEOLOGY OF POLK COUNTY.

-(3) The fauna was predominantly molluscan, more than three-fourths of the
entire number of species being gastropods and lamellibranchs: '

The Protozoa, Coelenterata, Bryozoa and Echinodermata form a very incon-
spicuous proportion of this local fauna, only three or four specifically distinguish-
able members of each group being obtained Although the branchiopods are
represented by fifteen species included in nine genera, they were, with three
exceptions, of comparatively rare occurrence — Productus muricatus, Chonetes
mesoloba and Orbitoidea nitida only being abundant. The brachiopods are also
all depauperate, attesting conditions at the time that theylived extremely unfav-
orable to their full development and to the attainment of a normal size.

Molluscan forms, while certain of the black shales were being laid down,
flourished luxuriantly, especially the gastropods, which in number of species
composed more than one-third of the entire fauna. Not only did they exceed in
species but they far outnumbered all others in individuals, and while as a rule
they were small and some of them even minute, their vast numbers made up, in
great part at least, for the conspicuity of largs but fewer forms.

Although the majority of the forms of this group are small it is not a depau-
peration as among the brachiopods, as is shown by the average size of the individ-
nals of each species being normal, and in some instances even considerably above.
Some of the species are alzo of interest because of their recognition at this point
for the first time within the limits of the state, and thus to a considerable extent
their own geographical range has been increased Others of the species enu-
merated are now known to have a wide geographical distribution which is sug-
gestive of a somewhat extended vertical range. Among recent moliusca and
especially land forms a wide geographical distribution, as has been remarked by
Binney, appears to be indicative of a high antiquity for the group The corrobo-
rative evidence is abundant; a notable instance is the living Zonites, four or more
species of which are circumpolar in their distribution; and the genus—even:a
subgenus Conulus to which one of these living forms bzalong —ranges back to the
Carboniferous, while the genus Pupa is represented in the Carboniferous by four
species. . Cephalopods are not abundant in the region under consideration, and
are represented by only two genera and species, yet a Nautilus attained a diam-
eter of twenty centimeters, and an Orthoceras was fifty centimeters in length,
with a diameter at the larger extremity of five centimeters.

Of the lamellibranches the majority are small; though two of them are com-
paratively large, attaining a length of nearly ten centimeters, yet having an
extremely thin and fragile shell. One of the specimens co'lected is of especial
significance as exhibiting in all its details the internal features of the shell, the
characteristic, well defined muscular scars and the edentulous hinge margin; in

-fact, it so closely resembles, in these characters—the general form and external
appearance—a modern Anodonta, that it is difficult to see how it can be generic-
ally separate, and should further investigation prove that the specimen under con-
sideration really belong to that genus, it would be of unusual interest in its bear-
ing upon the distribution of fresh-water or non-marine mollusca during geologic
times. The modern Unio and allied genera certainly have both a wide geograph-
ical and geological distribution, as is shown by the rich discoveries of Unionidea
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in the Mesozoic strata of the west: and the genus Anodonta is, if the opinion of
Hall is adhered to, represented in the Devonian by two species, but that these
two forms really belong to Anodontais questionable. Dawson has described sev-
eral allied forms from the Carbeniferous of Nova Scotia; but their family position
is'as yet also unsettled. With these considerations in view, the evidence thus far
obtained points to a high anthulty for this group of bivalves whicvh now is so
abundantly represented in all our streams and ponds. As will be noted, Crusta-

ceans are represented by a species of Cythere; and a trilobites by a single pygi-
dium.”

PLEISTOCENE.

The Pleistocene series of Polk county includes the deposits
of several separate stages. There are records of two and
probably three ice sheets. Gravel horizons and a loess hori-
zon indicate considerable changes-in the freedom of drainage
and by inference tell of changes in general altitude. There
are unconformities and periods of considerable erosion.
Buried soils tell of former climatic changes, and as has
already been seen, the surface configuration reveals the fact
that there have been in recent times marked changes in local
geography. The series, forall its complexity, is not complete,
and to obtain the full history of the region one must go out-
side the county for a portion of his facts.

PRE-KANSAN DRIFT.

In southern Towa and northern Missouri there is at several
points a distinct drift sheet lying below the Kansan drift,
which forms the surface formation over much of the region.
This pre-Kansan drift as exposed near Afton Junction, has
been provisionally correlated by Chamberlain® with the Alber-
tant as proposed by Dawson. It has not yet been traced
northward from the Union county outcrops, so that its equiva-
lence with certain other exposures of drift presumed to rep-
resent the same horizon is at present open to some slight
question. There are in Polk county two known exposures of
a drift which is most probably to be referred to this horizon

though the evidence is not quite so clear as might be desired.

* Editorial, Jour. Geol., IV, 872-876. Chicago. 18%6..
tJour. Geol vol. 11, pp 391—318 Chicago, “1805.
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Oue of these exposures is at Thompsons Bend, in the city of
Des Moines. Worthen,* in his notes on the Des Moines val-
~ ley, mentions at this point, at the base of the drift deposits,
-a bed of ferruginous conglomerate three feet in thickness.
The conglomerate is not now exposed, though pebbles, which
apparently are derived from it, are abundant at the horizon
mentioned. These pebbles include various greenstones and
granites not found in any coal measure or Cretaceous con-
glomerates known in the state. They are of the same sort of
material found in the drift and that is evidently their origin.
They are badly weathered and iron-stained and in these par-
ticulars are easily differentiated from the pebbles of the over-
lying Wisconsin drift. They may safely be considered as pre-
Wisconsin, but beyond that there is'no certainty with regard
to their age. In position and general appearance they strik-
ingly resemble the older gravels occurring southeast of
Hastie, yet to be described.

The exposure near Hastie (Tp. 76 N., R. XXIII W., Sec.
23) is one of the best along the river. Tne stream has been
thrown against the eastern side of its wide valley and has cut
back the bluff until a precipitous face 130 feet high fronts
the bottom land, as shown in figure 40. The bluff has a his-
torical interest since Owent noted it and suggested that the
marly earth capping the bluff was probably-of the same age
as the loess of Germany. Later Keyes and Call} studied the
exposure and determined the presence of loess, till and strati-
fied sands. The loess fossils mentioned below were collected

and determined by them. The section shows the following
beds

FEET.
5 Loess, usual texture and buff color, showing vertical .

jointing and perpendicular face, containing Succinea
avara Say; S. obliqua Say; Helicina occulta Say;
Pupa muscorum Linne; Vallonia pulchella Muller; .
Zonites arboreus Say; Patﬁla strigosa Gould; Meso-
don thyroides SaY(?) - oo ome e 40

*Hall: Geol. Iowa,T,171. 1855,
+Owen: Geol. Surv. Wis., Towa, Minn., 121, 1852,
% Proc. Iowa Acad. Sci., 1390-91, p. 30. Des Moines, 1393.
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FEET.
4. Till, reddlsh brown above becoming yellow below, and

passing indefinitely into the formation below .__._.. 20

3. Till, blue, containing with the above, bits of chert,
limestone, sandstone, coal, quartzite, badly weath-
ered gray granites, diabase, fine-grained greenstone, h
mica schist, and dark green slate..__._.___. .. - 30

2. Stratified sand and conglomerate, imperfectly exposed 40

1. Tili, very dark blue, containing small pieces of fine-
grained greenstone and rotten schist with bowlders
of granibe .. 1

All of these beds with the exception of number 1 are
exposed in the bluff, though the lower portion of the latter is
much obscured by talus. Number 1 is found in the bed of a
small tributary and is seen to be covered by conglomerate
similar to that seen in the bluff. The appearance of the
lower drift is quite different from that above the conglomer-
ate. It is darker in color, more compact, and contains fewer
large bowlders so far as might be judged from the limited
exposure examined.

The conglomerate is made up mainly of ehert but it also
contains bits of quartmte,. greenstone and of very badly
weathered granite. It is quite firmly cemented by oxide of
iron. It contains much the same sort of pebbles as are found
in the accompanying drifts. Nothing distinetive in the char-
acter of the material could be made out between the different
drifts or the conglomerate, though the lower drift and the
conglomerate seemed to be more weathered. In the bluff
there are apparently two ledges of conglomerate, each two to
three feet thick, but the slipping which has taken place makes
it impossible to be sure of this. Associated with the con-
glomerate are stratified sands of a bright orange color, bear-
ing pebbles of chert and of northern rocks up to three-fourths
of an inch in diameter.

The loess and the upper drift represent the formatlons com-
mon throughout the region and the drift is that called the
Kansan. Thesandsand conglomerates are obviously water-
laid. In appearance and position they resemble the gravels
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found below the Aftonian peat beds. The drift below answers
well to the sub-Aftonian drift. There is, however, no posi-
tive evidence here that the gravels are separated from the
lower drift by any considerable interval, that is, that they
are strictly interglacial. Neither is there, perhaps, conclusive
proof that they are distinct {from the Kansan drift. Until
more is known of the drift of the region south the alternative
theory, that the stratified beds simply represent water work
during the advance or retreat of the Kansan ice, can not be
altogether set aside. The beds seem to lie in the side valley
of an older tributary of the main stream rather than in the
main valley. The latter was apparently almost entirely
cleared of such beds, if they were present, before the Kansan
ice invaded the region. If this be indeed true, it would of
course necessitate a certain amount of stream adjustment and
a very considerable amount of erosion in the interval between
the gravels and the Kansan. This is not in conflict with any
known facts and is favored by not a few. |

THE KANSAN DRIFT.

The principal drift sheet found in the county is that which
in the previous reports of the survey has been referred to the
Kansan period. Itisin the main a stiff blue bowlder clay.
It contains numerous pebbles, including especially green-
stones of various types. It has a largeamount of local mate-
rial incorporated. The bowlders are predominately small as
compared with those dotting the surface of the newer drift.
In the area not covered by the Wisconsin, large surface bowl-
ders are rare, and it does not seem that this is altogether the

result of the obscurement due to the lness mantle. In the
~ region south and west of Polk county there are considerable
areas from which later erosion has removed the loess and
within such areas the bowlders found on the surface and col-
lected in the streams are neither so large nor so abundant as
within similar areas covered by either of the later ice sheets
which occur in Towa. The difference in this regard is not so
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striking when the Kansan and the Wisconsin areas of Polk
" county are contrasted as when corresponding regions covered
by the Kansan and the Towan in eastern Iowa arestudied. It

is, however, none the less a real difference and a valuable
criterion for discrimination. The bowlders occurring in the
Kansan are more frequently flattened and striated.

In the bluffs south of the Raceoon river and along the bluffs
of the Des Moines below the city, the Kansan frequently out-
crops and may be readily examined. While the bulk of this
drift is a blue clay the portion most commonly seen is yellow,
brownish or even red. Before it was buried under the loess
it was exposed for a long period to surface action. The iron
- contents became highly oxidized, the soluble constituents were

largely dissolved out, and at many places the finer material
had been washed away,.leaving a gravelly surface. It isthis
upper surface which is most frequently seen. 1t appears asa
belt or zone along the sides of most of the streams of the loess-
covered area. Above, the slope is covered by loess. Not far
below, the alluvium obscures the drift. When any of the larger
streams have been thrown tooneside so as to cut away the over-
wash one may get a complete section, such as the one described
near Hastie, except that the beds below the Kansan are not
known to occur elsewhere. Good sections of the Kansan
drift are rarely seen in this region. This is due to the fact
that the topography of the country south of the Wisconsin
drift area was almost wholly developed before the loess was
deposited. The latter forms a mantle over this older surface,
covering the Kansan almost entirely. Whenever there have
been recent stream changes the Kansan is found. Its upper
surface is readily recognized by the reddish brown color
and the presence of many badly weathered bowlders. These
characteristics are maintained not only when it is covered by
the loess but when the latter becomes covered by the Wiscon-
sin. On the west side of the Des Moines river at the Polk
City bridge (Tp. 80 N., R. XXV W., Sec. 10), in passing up
the hill one goes over the normal succession of coal measures,
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Kansan drift, loess and Wisconsin drift. The same may be
observed in crossing a small stream a mile north (Sec. 9, Ne.
qr.), and indeed at alarge number of points along the upper Des.
Moines valley. It is the normal succession. Lower till with -
the same characteristic outerops has been noted by Beyer*
still farther north, in Boone county.

Throughout the southern portion of Polk county thls weath-
ered horizon is constantly seen. Wherever the loess is cut
through, the latter crosses the hill-tops, but is also found in
the valleys as well. In road cuttings it is often possible to
see the old Kansan horizon under the loess running down the
slope to the bottom land. In such cases it is obvious that
- both the valley and the weathered horizon are earlier than
loess. This is true for the major and most of the minor val-
leys of this portion of the county. Since the drainage is
quite perfectly developed it must be clear that both lines of
evidence point to the conclusion that there was a very con-
siderable interval between the Kansan drift and the loess.

THE LOESS.

- - The loess of the Des Moines valley early attracted atten-
tion. Owen, as we have seen, correctly interpreted it. It
was later studied in considerable detail by Call,t who
made extensive collections of fossils from it. As usually
exposed near the city it is the normal buff colored, fine-grained
pebbleless material of porous texture, vertical jointing and
calcareous reaction. It frequently contains fossils and lime
concretions known as loesskindchen.” It is quite irregular
in thickness. At the fruit farm of Hon. J. G Berryhiil (Tp.
78 N., R. XXV W., Sec. 19) a well showed it to be seventy
feet deep, on the west side of West Four Mile creek, while
upon the opposite side of the valley the underlying Kansan
outcerops near the top of the hill. In general, it is from ten
to twenty feet thick over the southern portion of the county.

*Beyer: Iowa Geol. Surv, V,203. 1895.
1Call: Amer. Nat. XV, 585-586, 783-784, 1881; X VI, 363-381, 542-549. 1882.
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It may be seen particularly well developed in the brick pits
on the south side of the river, or in the road cuttings along

- Clifton avenue, but is quite commonly exposed over the
- area indicated on the accompanying map. It is quite easily
recognized by its texture, color, and freedom from pebbles.
It is usually very fine-grained, but at points grades downward
into a rather coarse sand. This may be seen at the south end
of the Valley Junction bridge over the Raccoon river (Tp. 78
N., R. XXV W, Sec. 14). These coarse sands seem to be, in
part at least, genetically related to the loess. They have
not been found except in the Raccoon-Des Moines valley, or
on the edge of uplands along it. At one point similar sands
are found between two loess beds. This may be seen at the
Dale-Goodwin brickyard (Tp. 78 N., R. XXIV W., Sec. 24, Ne.
gr., Ne. ). The section shown in the hillside is as follows.

FEET.

4 Soil, black. oo e e 2+
3 Loess buff to brown, with vertlcal jointing and nor-
mal appPearance o .o el 3
2. Sand, orange colored, cross-bedded, irregular‘ in
AIMOUNY .- _ . L e eillicelooooo 13
1 Loess, light gray, clayey, fossiliferous._._. e 8+

Under the lower loess is said to be a stronger brown clay.
In the vicinity only the normal Kansan drift and loess is
exposed. It is possible that the brown clay belongs to the
coal measures. The presence of the bed of sand and the dif-
ference in character shown by the beds of loess suggest that
‘they are here two separate loess sheets, the product of two
widely separated periods of time. Two loess sheets have
been noted at certain points in the older drift area.* In the
present case, however, it does not seem necessary to resort to
such an hypothesis. The sand bed is not present throughout
the pit, wedging out entirely at the eastern end. It has not
been observed elsewhere, and for the present at least there
seems to be no necessity for considering the phenomena as of
more than local significance.

*8alisbury: Ark. Geol. Surv., Ann. Rep. 1889, vol. II, pp.224-248. 1891. Tilton: Iowa Geol
Surv, V, 318, 356. 1896.
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The relations of the loess to the underlying drift have been
already described. It remains to point out its relations to
overlying drift. It has long been known that over the area
covered by the Des Moines lobe noloess is found. Southand
west of the lobe, however, the loess appears. In 1882 Messrs.
MecGee and Call,*in a valuable and suggestive paper, brought
out the facts that at Des Moines the loess passes under the
upper drift, that now known as Wisconsin. Our knowledge
of the drift formations was not then so well organized and
the fact was interpreted as of local importance only and as
due to a slight readvance of the ice now known as the Wis-
consin, since what we now know as the lowan drift was dis-
tinctly stated to occur south of the city. In the course of
the present work the fact that the loess passes under the
Wisconsin drift, as stated by McGee and Call, has beén abun-
dantly verified. The exposures mentioned by these authors
are now obscured, but others equally good may be found
wherever the drift on either the West Hill or in Highland
Park is dug through. -During the summer of 1896 the rela-
tions were particularly well shown at the top of the Sixth
Avenue hill and in the cuts along Grand Avenue near Green-
wood Park, and the street railway cutting on Hamilton street
in Oak Park. The relations are unmistakable and may be
verified at any time. The upper drift is quite distinctive and
the buried loess is equally easy to recognize, since it is-very
frequently-fossiliferous.

The relations found to obtain in the city are equally true

of the loess to the north. In the wells near Saylor the nor-
mal section is as follows. >

3.. Yellow and blue pebbly clay.-
2 Fine pebbleless clay with shells. .
1. Blue ¢lay with pebbles and streaks of gravel.

Loess fossils have been obtained from number 2 of this sec-
tion at several points. On the farm of Mr. Tom Saylor thirty
feet’ of pebbleless clay containing ‘‘periwinkle shells’ is
mi., (3), XXI1V, 202-223. 1882. '
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reported below twenty-two feet of Wisconsin drift which forms
the surface soil. Near the mouth of Beaver creek (Tp. 79 N.,
R. XXV W., Sec. 20, Nw. qr., Ne. 1) a road side ravine shows
~ the loess with its usual characteristics outcropping below the
drift. The same phenomena may be seen at the localities
west of Polk City, which have beén already mentioned.

The relations observed in Polk county are not by any means
local, but have quite as characteristic development in Dallas
and Guthrie counties. It is believed that they are generally
true of the southern border of the Des Moineslobe. It is not
to be expected that the loess will be found to be preserved
under the drift for any great distance back from its edge,
though local bodies of buried loess may be found.

In view .of this relationship it seems evident that the loess
is not to be correlated with the Wisconsin drift. There is no
good reason for separating it from the loess of eastern Towa,
with which it is continuous and which sustains such definite
relations to the Towan drift. The latter extends as far west
as Marshall connty  and is presumably the same as the drift
of northwestern Iowa. The loess near Des Moines would
seem to belong to the general loess sheet which was formed
around the edge of the Towan ice. It récords a period of low
levels when the drainage was clogged and the expanded
waters of the rivers met across the divides. Under such con-
ditions the deposition of coarser sands along the river valleys
such as are found at Valley Junction would be natural.

The loess throughout the county is unusually fossiliferous.
- At many points in and near Des Moines considerable collections
of the forms characteristic of the formation may readily be
made. The fossils were thoroughly studied by Call during
his residence in the city, and his results will be found in the
papersalready cited. Dr. C. R. Keyes has also made numerous

collections and notes upon these forms, and has kindly pre-
pared the following list.

28 G. Rep.
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REVISED LIST OF LOESS FOSSILS FROM DES MOINES.

Zonites arboreus Say.
Zonites minusculus Binney.
Zonites limatulus Ward.
Zonites fulvas Drap.
Patula alternata Say.
Patula strigosa Gould.
Patula striatella Anthony.
Helicodiscus lineatus Say.
Strobila labyrinthica Say.
Stenotrema monodon Rackett.
Mesodon clausus Say.
Mesodon multilineata Say.
Mesodon thyroides Say.
Vallonia pulchella Muller.
Pupa pentadon Say.

. Pupa armifera Say.
Pupa muscorum L.
Piipa corticaria Say.
Pupa blandi Morse.
Vertigo simplex Gould.
Succinea obliqua Say.

 Succinea avara Say.
Carychium exiguum Say.
Limnophysa desidiosa Say.
Limnophysa humilis Say.
Limnophysa caperata Say.
Helicina occulta Say.
Ferrussacia subcyclindrica Linn

- WISCONSIN DRIFT.

The larger portion of Polk county was covered by the ice
of the Des Moines lobe which ran down in a long tongue from
the greater development of the Wisconsin ice in Minnesota.
The area in this county which was so covered is shown on the
accompanying map. The deposits of this ice sheet include
not only the unstratified drift or till but a considerable amount
of stratified gravel, more perhaps than has been so far
observed in connection with any of the other drift sheets in
Towa. : _

The unstratified drift forms the great bulk of the Wiscon-
sin formation. It is characterized usually by a buff to whitish
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color, and by the presence of relatively unweathered material.
There are some weathered bowlders, but these are, as com-
pared with the Kansan, quite rare. The amount of local

material found in the Wisconsin is notably less. There is a

large amount of fine material in the matrix which is much like
the loess. Ferrugination is quite rare. Lime is present in
abundance, and the drift usually gives a reaction with acid up
almost to the grass roots. Large bowlders seem more com-
mon upon its surface. So far it has not been found possible
to base distinctions upon any difference in the kind of bowl-
ders and pebbles found in the Wisconsin as contrasted with
the Kansan. Apparently the material of both sheets was
derived from much the same source. The most distinctive
features of the Wisconsin till are its topography and relations
to the loess, both of which have been discussed.

The Des Moines lobe seems to have been first recognized by
Chamberlain,* who spoke of it as bordered by a half buried
moraine. Previousto this Whitet had tentatively recognized
Mineral Ridge in Story county as morainic, this being appar-
ently the earliest recorded recognition of a moraine in the
open country, away from mountain ranges. In 1890 Uphamt
traced the limits of the lobe but does not seem to have visited
its southern terminus. In the portion visited by him it is
quite generally bounded by a rather definite moraine. This
" has been called the Altamont moraine from a point in South
Dakota, where it is particularly well developed. This moraine
was quite fully described by him, and through association it
has become common to think of the Des Moines lobe as termin-
ated by the Altamont moraine. This is not, however, true for
all parts of the border. The southern border of the Des
Moines lobe as developed in Polk and adjacent counties has
no definite terminal ridge answering to a moraine. Moranic
patches are occasionally seen in neighboring counties, but in

*See La moraine terminal du Amérique du Nord; Ccmpt. Rendu. Cong. Intern. géol.,
Paris, 1878; and Trans. Wis. Acad. Arts and Lit., vol. IV 1876-77, pp. 201-23%.

+Geol. lowa, vol. I, p. 98. 1870,
+Geol. Nat. Hist. Surv. Minn., 1880, p. 288."
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Polk county thereis nothing whatever moranic or of the nature
of aridge about its border. The topography within the lobe
is very different from that without: = The drift within has
also marked physical characteristics. But toward the border
the drift becomes thin and the topography indistinet until it
is often impossible definitely to locate the line. The outwash
plain which might, from the known conduct of the Wisconsin
drift in other states and the known presence of gravel trains
be expected to aid in the discrimination, is rarely present.
Around the end of Four Mile Ridge there is a certain devel-
opment of sands and stratified drift, but this is-a notable
exception. In general the best field test is the presence or

-

F1G. 56, Pond on Wisconsin drift at south end of kame near Kelsey. -

absence of loess at the surface. Where the loess has become
covered by pebbly clay one is within the limit of the lobe,
but where the loess forms the surface material the reverse
may be assumed to be true. -

The assorted drift found .in connection with the Wisconsin
drift sheet belongs to three cateaomes, kames, gravel trains
and gravel patches.

Kames are developed not at the 1mmed1ate edge of the drift
as is perhaps most commonly true, but are found some dis-
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tance, ten to fifteen miles, back from the border. Two well
marked kames are known; one immediately west of Crocker
and a second about two miles south of High Bridge, or imme-
diately east of the old town of Kelsey (Tp. 80 N., R. XXV W.,
Sec. 31). - The Kelsey kame stands upon a drift plain which is
about 150 feet above the river. This plain is fairly smooth,
and is dotted with swales, some of which contain small ponds,
one being represented in figure 56. Above this plain the kame
raises forty feet. It forms an irregular ridge three-quarters
of a mile long and a little more than one-quarter wide. At

Fig.57. Kame near Kelsey.

its southern end, and partially separated from it, is an oval
hill which does not rise quite so high. The upper surface of

the kame is not smooth, but is somewhat hummocky. Its

direction is not linear but sinuous. It is cut off rather
abruptly at the ends, and the whole ridge forms a prominent
landmark. Its general appearance from the west is shown in
figure 57. In composition the kame is made up of Wisconsin
material. Large bowlders are found on its surface and pits at
three points show that to a depth of four feet at least it is
made up of coarse water-laid gravels. Stratification is rude

only. The pieces of gravel are one-half to three-quarters of
an inch or more in diameter.
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The Crocker kame stands among a group of hills which have
a relief somewhat greater than is usual for this region. In
form and dimensions it is very similar to the Kelsey kame.
Its constitution can not be so confidently stated, but gravel is
found over portions at least of its surface, so that it is pre-
sumed to be the same as in that of the Kelsey kame. There
are other gravel accumulations in the county, particularly
between Crocker and Polk City. They do not, however,
assume the definite form associated with the term kame, and
are perhaps best known by the more 1ndeﬁn1te term of gravel
patches.

The origin of the gravel patches and kames is doubtless to
be referred to water which arose from the melting of the ice
during its retreat. The definite form of the kame* is per-
haps best accounted for by the influence of surrounding ice..
So far as observed the one found in Polk county offers no new
data upon which to base a conception of the details of the
process of their formation. .

One of the most obvious phenomena - eonnec‘oed with the
~ edgeof anice sheet is the presence of trains of gravels stretch-
ing down the rivers whose headwaters are cut off by the ice.
That the diverging streams which depend upon the glacier.
should become loaded with gravel and should build terraces
of that material stretching away from the ice seems in every
way harmonious with the modern conception of an ice sheet
and its work. This is, of course, possible only upon the
hypothesis that the drainage be free and the rivers have suf-
ficient velocity to carry the gravel for some distance. Free
drainage as contrasted with a clogged dra1nage, such as has
been suggested to have been prevalent at the time of the
maximum extension of the Towan ice Sheet, means relative.
elevation; and the following of one by the other may be
interpreted to mean a change in the altitude of the land.

In Polk county gravel trains are found along the stream-
ways which lead out from the drift border. The gravel pits

* Chamberlin: Third Ann. Rep. U. 8. Geol. Surv., pp. 307, 308. 1383.
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of East Des Moines and farther down the river at Avon are
in such a gravel train. Four Mile creek shows similar phe-
nomena. Camp creek and Mud creek also have gravel ter-
races. In the counties farther west the Raccoon river bot-
toms are underlain by gravel. The gravel in all three cases
is firm, hard material such as makes up the pebbles of the -
Wisconsin. Occasionally bowlders which might have come
from the Kansan are also incorporated. "

The gravel terraces are not conspicuous features. They
are frequently covered with later alluvium, as at the Avon
gravel pits, or rise ten to twelve feet above the modern bot-
tom land, as at the newly opened pits in Highland Park. In
this particular they differ from the gravel trains which are so
characteristic of the Wisconsin drift in other states. In Wis-
consin® the Green Bay glacier filled up the old valley of Rock
river to a depth of 350 feet (including earlier drift) with a
deposit of finely assorted sand and gravel, producing a level
plain three to five miles wide and extending forty miles or
. more southward from the moraine. . )

The gravel trains in Polk county are found not only out-
side the area covered by the Wisconsin ice, but may in some
instances be followed up the streams to well within the Wis-
consin area. The gravel trains of Camp and Mud creeks are
abruptly terminated at the upper end by the Wisconsin till.
This is not, however, true of those of Four Mile creek and
the Des Moines river. The pits recently opened by the Chi-
cago Great Western railway at Berwick are about six miles
within the limits of maximum extension of theice. The Polk
City pits are fully twice as far from the drift border, and the
gravels occur along the Des Moines river well up toward
High Bridge.

Along the Delaware river a somewhat similar series of phe-
nomena occur. 'The explanation for them has been very
carefully worked out by Salisbury.t The gravel train in that

* Chamberlin: Geol. Wis., I, 284. 1883
+ Ann. Rep. State Geol. N. J., 1892, 106-112. 1893.
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case is not a single continuous train, but is rather a series of
individual trains, each of which was formed successively far-
“ther up the river, and each corresponding to:one of a series
of moraines of recession. Apparently this explanation is
equally good for the case in hand, except that here there are
" no moraines. The ice retreat seems not to have been by
definite stages, but continuous. That there were minor
stages in the retreat is, of course, altogether probable, and
future detailed study may render it possible to discriminate
them. ‘ ' ,
Belonging in a sense with the gravel trains, and yet to a
certain extent differing from them, are the beds which have
“been represented on the map as stratified drift. They do not
“include all the stratified drift found in the county, since no
attempt has been made to discriminate the gravel trains from
the alluvium. Only those bodies of stratified drift have
been represented which were of considerable extent and sig-
nificance. These are confined to theold valley formerly occu-
pied by the ancestor of the upper Des Moines river. As seen
east of the capitol, this drift presents the characteristics
common to outwash plains. It is sandy, mixed with gravel,
and rises a little above the present bottom land. It has a
slightly hummocky surface. The diversity of relief increases
to the north, so that between Saylorville and Oak Park sandy
drift hills of irregular form are common. In that portion of
the valley which is now occupied by Beaver creek, the drift
becomes more and more the normal bowlder clay, so that a
short distance west of the county line the distinction between
the two can not be drawn. In general it may'be said that the
drift of this valley is a bowlder clay deposited in the presence
of considerable water. The anomalies are probably a result
-of the topography existing at the time of the ice retreat, the
beds of material being in a valley 120 to 160 feet below the

upland. Probably stagnant ice may account for some of the
peculiarities.



TERRACES AT HIGH BRIDGE. 351

ALLUVIUM AND TERRACES.

" The extent of the alluvium is indicated upon the accompany-
ing map with the correction that the terraces have not there
been discriminated from it. It will be seen that alluvial bot-
tom lands form no small proportion of the whole area. It will
also be seen that the proportionate alluvial area is notably
greater in the southern than the northern portion of the
county. This becomes the more striking if the valley of the
Skunk river, which is exceptional, be left out of account, and
the comparison would be more striking still if it were possible
accurately to map the small alluvial bottom lands found along
the minor tributary stream-ways throughout the southern divis-
ion. - This distribution of the alluvium reinforces the argument
derived from the drainage and topography for the relative
youth of the northern portion of the county. -

The alluvium forms a terrace along the streams. 1t is evi-
dently a terrace of aggradation as defined by Salisbury.*®
Above it at many points along the upper Des Moines river,
- for example opposite the Sixth avenue bridge, near the Key-
stone mines, at the north of Beaver creek, directly west of
Saylorville and near the mouth of Big creek, is a second ter-
race. This is made up of sand, gravel and gravelly drift, and
seems to mark the stage where the Polk county gravels were
laid down. It is essentially a gravel train, and its origin has
just been discussed. '

In the vicinity of High Bridge there are terraces which lie
still higher. The main one is about fifty feet below the
general upland surface and sixty-five to seventy feet above
the river. It is about 300 feet wide and slopes back to the
~ bluffs to such a degree that a small stream has located itself
along the back of the terrace which is now in places six feet
lower than the river edge. The side streams have cut away
sharp gullies in this terrace, and the action has been so rapid
that the divides between these gullies, even when less than
six feet wide, remain flat topped. The material of the terrace
" *Ann. Rept. State Geol. N. J., 1892, 103, 104, 1893. '
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is unstratified drift, and shows no trace of water action in its
deposition. Twenty to twenty-five feet below the main ter-
race isa second, which is narrower and quite ill defined. These
are along a portion of the valley less than half a mile wide.
They are evidently not terraces of aggradation, but markrather
definite periods in the down-cutting of the stream, and hence
correspond to the type discussed by Gilbert.*

Along the Skunk valley near Valeriais a low terrace which
belongs to the second class. '

ECONOMIC PRODUCTS.
| Coal.

Polk county is one of the largest coal-producing counties
in the state. In 1893 it stood second to Mahaska alone, but
since thenhas been passed by Appanoose, where the coal lies
nearer the surface and ismore cheaply mined. The most pro-
ductive portion of the lowa coal measures consists of a long
strip of territory running south from Fort Dodge and parallel
to the Des Moines river. Polk county is about midway of -
this productive strip. The coal mined near Des Moines is
mainly taken from seams lying at some depth, so that the
area is neither so cheaply prospected nor is the coal so eco-
nomically mined as in the counties to the north and south.
Despite these facts mining has been carried on here since the
first settlement of the country, and the coal industry is now
a large and important one. At the time Fort Des Moines was
occupied as a military post, coal was obtained from the sur-
face vein still exposed near the Center street dam. For a
long time this was the only vein worked, thou;}h it was opened
up at a number of points both north and south of the river.
Worthen,t as a result of observations made here in 1856, ufged
the propriety of sinking shafts to the lower seams which he
indicated as present. It was some years, however, before
this was done. The state census of 1856 records four miners

*Gilbert: Geol. Henry Mts., 126, 127. 1830.
+Hall: Geol. Iowa, I, 171. Albany, 1838.
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in Polk county. In 1359 coal to the value of 3337 was pro-
duced. In 1862, 35,468 bushels were mined. In 1865 the
amount was 27,922 bushels, and in 1866 it had increased to
332,769 as a result of the opening of shaft mines. In 1867
the Watson Coal Co. sunk a shaft at the foot of Capitol Hill
to the ‘“‘first vein”’ of the east side, and for a long time this
mine supplied the railroads. The Hall, Rawson, Reese, Dahl
and numerous other mines in the meantime furnished coal
from the surface seam. In the same year that the Watson
- mine was opened the Towa Central shaft was put down on
School street between West Fifth and Sixth. Apparently
this shaft went only to the upper seam. '

In 1873 Mr. Wesley Redhead resolved to open up the lower
seams and the Des Moines Coal Co. was organized by him to
sink a shaft on the south side oppoSite the present West
Ninth street bridge. The shaft went down 150 feet to the
““third vein,” the “second’ not being workable at that point.
This mine, which was afterwards known as the Pioneer, was
one of the most important in the district and worked out a .
large area, as is indicated on the sketch map (figure 47). Its
success led to the opening of a number of mines in the vicin-
“ity, among which were the Sypher (1874), later known as the
Polk County, the Eclipse (1873), the Pennsylvania, the Pleas-
ant Hill (1875) and the Eureka (1875). About the same time or
later the east side mines began tu be opened up and mining
was active there, particularly in the eighties. In 1893 the
~ last of the east side mines, the Garver, was closed and the

field deserted until the present season, when the new Eureka
was opened. , ' :

In the earlier days, as has been seen, the upper vein was
quite extensively worked north and west of town, but after-
ward the region was abandoned until 1893, when the newer
group of mines now including the Keystone, Flint, Eagle,
West Riverside, Bloomfield, Oak Park and Lake Park began
to be opened up. West of the city the Two Rivers and other
mines at one time took out coal, but the region has been
abandoned for some years.
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There has been a constant change in the center of mining
activity, but it has been a change,;not a loss. As individual
leases were worked out the mines were closed, but new ones
have in almost every case been opened. In addition, new
capital has been coming in, new fields have been opened up,
and in some cases the deeper veins in abandoned portions of
the field have been tapped. As a whole the industry has been
constantly growing. There have been periods of stagnation,
but these have been temporary, and for some time to come there
will be opportunity for profitable mining, though the returns
are not now so large as in earlier years. Here as elsewhere

there has been concentration of capital, and a new order of

~ things with larger dealings and a narrower margin of profit

has developed. At present there are twenty-five mines in the

county exclusive of the small drifts worked only for local

trade and a few mines engaged in taking out the pillars and

neglected blocks of coal in terfitory already worked by larger

companies. According to the report of Mr. M. G. Thomas,

. State Mine Inspector,* there were in 1895 twenty-three plants

operating on a commercial scale. These plants represented

a capital of $430,000 and paid $329,190 in wages exclusive of

the salaries of superintendents, mine foremen and other offi-

cials. If in addition to the capital invested in the plants the

value of the lands undergoing development were to be reck-

oned, the total would me much larger. The output for 1895-
was 334,881 tons, with a value of $458,707 at the mines.  The

small country banks were not taken into account in these

figures and, while the amount of coal mined at each drift is

small, the price paid is often relatively high, sd that the value
of the total output as given is low. Within the last year the
industry has expanded quite notably. Old mines have been
reopened for closer working, and many of the established
plants have increased their working force.

A large amount of the coal mined goes on the home market.
Very little coal is shipped into Des Moines, and the local

* Rept. State Mine Inspector, 1825, p. 69.
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mines have a large trade to supply. The outside trade is
growing, large quantities of coal being shipped north and
west throughout Iowa and adjoining states. The exceptional
railway facilities enjoyed by the mines of the city gives them
a great advantage in competing for the trade of the north-
west. One mine, for example, by means of two switches is
able to ship over five of the main railway systems of the state
. without transfer charges.

The coals mined are bituminous and free-burning. They are
not usually block coals, though there is occasionally a ten-
dency in that direction. More frequently the horizontal lam-
ination is most pronounced. ~The coals are quite firm and
may, in most cases, be blasted from the solid. They make
relatively little slack, and are of good quality for general
-steaming purposes. The percentages of ash and sulphur are
about the same as in the average coals of the state. Even
the fine coal is fairly clean, as is shown by the fact that it is
the main boiler fuel throughout the city. Coking and gas
‘coals have not been found to any extent. Océasional anal-
iyses of picked samples® show coal suitable for these pur-
‘poses, but so far nothing of the kind has been developed on a
- ‘commercial scale. ‘

The following analyses, by Prof G. E. Patrick, show the
éeha;ra,eter of the coal as put on the market. The samples were
‘not picked, but represent rather the average character of the
;eoa,l The percentage of ash is higher here than in much of
the coal even in the same mines, and yet is probably fairly
representative of the coal as marketed. At present the coal
-is nowhere cleaned except by screening. It is probably dnly
-a question of time until regular Washing works will be erected
in this direction. By their aid the ash can be almost wholly
removed and the quality of the output proportlonately
increased. This will, of course, make it possible largely to
expand the trade, since the cleaned coal is fully the equal in

value of the eastern coals, which now have the advantage in
*Davis: Eng. Min.Jour., vol. LIX, No. 7, pp. 146-150. February 16, 1895.
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much of the terri'tory north and west of the Towa fields. The
difference in freight rates will more than offset the cost of
cleaning, which has lately been very much reduced.
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 Christy mine___|{ 6.10 | 82.59 | 11.30 | 39.06 | 43.53 | 54.83 | 4.99 14 5.13
Gibson mine . .| 7.04 | 82.89 | 9.72 | 40.06 | 43.17 | 52.8% | 4.09 .16 4.25
Manbeck mine _|  6.82 | 76.68 | 16.19 | 36.93 | 39.65 | 56.84 | 4.44 .29 4.73

The mining equipments are usually good. With the eXéep-
tions of a very few of the smaller mines, the Merchant and

F1G. 58. Shaft house and tipple of Carbon(iale No. 2.

Hulme at Commerce, and some of the reopened mines of
South Des Moines, substantial steam hoists are used through-
out the county. In most of the mines miles alone are
employed for underground haulage, but at the old Eurekaand
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the Christy tail rope plants have been installed. Sliding
screens are most common, but there are a few mines equipped
‘with revolving screens. There has been a constant improve-
ment both ih mining methods and equipment.  The Carbon-
dale mine No. 2, recently opened, is one of the most sub-
stantial and well arranged plants in the state. It is repre-
sented in figure 58.

This plant includes well built and well arranged top works,
with revolving screen,chain conveyers, storage bins, extensive -
 trackage and other features of a complete plant. At all the
mines the cheaper types of boilers are used, and little atten-
tion is paid to economy in steam generation. The low price
of fine coal which is used for fuel compared with the high cost
of boilers of greater efficiency, together with the notoriously
rough usage which machinery of any kind receives in coal
mines, allows this system to prevail.

In mining, the work is all done by hand. Shooting from
the solid prevails throughout the district, and the blast holes
~ are drilled by means of the common hand drill with auger bit.
Power has not been introduced in this work. At the Carbon-
dale mines a power plant was recently put in. It includes
both coal-cutting machines ( Jeffery pattern) and drills.. The
machines were found to undercut nicely, but the blast left the
coal in such shape that it was difficult to get it out, and the
work has been discontinued.
~ The major development of the eoal 1ndustry has heretofore
been in the immediate vicinity of Des Moines, and here as
elsewhere the mines have been located along the streams.
It is believed that much of the remainder of the county will
prove as rich as any which has so far been opened up. As
has been shown in the preceding pages, the development of
the streams was long posterior to the formation of the coal,
and there are no known relationships between the two. The
opinion sometimes entertained that productive beds are to be
found only along the streams has no foundation except in the
history of the industry where the coincidence is manifestly
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the result of cultural factors. 1t is being constantly nega-
tived as rapidly as prospecting is extended over the uplands,
and the latter may be expected to prove as rich as the valleys.*
These considerations enforce the belief that the’industry in
Polk county is in its infancy only, and that much the larger . -
portion of the coal is yet untouched. Of a total of 375,200
acres within the county, about 8,000 only are now held for
development by mining companies. In addition 2,200 acres
have been more or less completely worked over so far as the
known horizouns are concerned. Much of the latter territory
will not be reworked unless lower horizons should be located.
A considerable portion, however, contains enough eoal to be
available for local mines.

In all less than six-tenths of one per cent of the area of the
county has been worked out, even in the sense in which that
term is used here. About 2.13 per cent is now being devel-
oped; 97.27 per cent of the reglon has not even been pros-
pected. :

It would be difficult o arrive at any estimate of the total
amount of coal mined. Up to 1881, when the state mine
inspectors were appointed, there was no agency for collecting
and recording the statistics. ~ The various census reports
issued by the state give notes for the: years of issue, but the
intervening years are blank. In the following table the data
so far as they are available are tabulated, the amount being
recorded in short tons. The figures for the years 1881-95
are from the reports of the mine inspectors. Those for pre-
vious years are taken from the state census reports, except

- for 1860. 'The amount for that year is taken from the eig hnh
federal census. '

1850 s s e 600
1860 - - o e e 1,858
186 - e oo e e e 1,418
865 - - e e e e 1,116
1866 - - - o e e 13,310

*Since the above was written the extensive prospecting of the Consolidation Coal Co.

overtthe highlands north of Des Moines has shown the presence of 0ood coal at several
points
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................................................. 21,796
1874 oooe. e mmmm o e 69,327
188 oo e 473,893
1882 oo e .. 327,819
1888 - e e e e 558,821
1884 e 619,921
1885 - oo e e ane 462,895
1886 ooooeee-. eeememmmmeceeeeeoeoo._. 331,964
1887 - e e 305,094
1888 - - oo e e e 386,321

C 1880 e e e 356,039
1890 .- e e 508,149
1) O S 397,833
1892 - oo e 311,389
1898 e 466,408
1894 e e 355,000
L 334,881

" The mine inspectors are restricted by law so that they take
account only of mines employing more than four men. In
1893 the Geological Survey collected statistics of production
from all the mines in the county and obtained a total of 693,-
103 tons. The year was notable for the exceptional output
of Towa mines, so that the ratio can not perhaps be fairly
~ @pplied to the whole period, but if an allowance of one-fifth be
made for the small mines the total coal mined since 1881 would
be about 7,600,000 tons. The total amount mined before that
time may be less accurately estimated at 2,300,000 tons. In
round numbers Polk county has produced 10,000,000 tons of
coal. As has already been indicated, only 2,200 acres have
been ‘¢ worked out,”’ aside from the empty rooms in the mines
now working. Since in mining practice about 3,200 tons per
acre are, in this region, produced from a four foot vein, it
may be estimated that about 3,000 acres have been mined out.
Upon this basis the lands now prospected and under lease
should yiéld approximately 32,000,000 tons. Whether or not
the unprospected 97 per cent of the county will prove equally
productive can not, of course, be foretold, but if it should
prove very much less rich, Polk county would still have enor-

mous reserves of coal within its borders.
29 G. Rep.
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The mines now operated are included in the following list.
Their location is shown upon the map aceompanying this
report as well as in the small sketches introduced in the text.
Since the stratigraphy of the coal measures and the distribu-
tion and character of the coal beds has already been given it
only remains to note here the position and relations of the .
mines, together with a few details regarding the workings.
The wines readily group themselves around eleven localities.

Runnells.—There are two mines in operation at this point.
The larger is the Acme, which is a shaft mine with steam
hoisting plant and a switch from the Wabash railroad. The
coal is reached at a depth of forty feet and is the same vein
which was formerly worked by a slope driven in from the |
bluff. The coal reached by the slope was cut by a preglacial
erosion channel.* It was also cut off at the north by sand-
stone and shale which was drilled into to a depth of eighty
- feet without locating coal. The territory now developed is
west of that mined by the slope and east of the territory
which was worked out by the Midland mine, abandoned some -
time since. West of the Midland territory and north of town

is the Star, a small mine

fﬂ‘_“ﬁ . worked for local trade.
W el e L Still farther west, at the
— edge of the town, the Skan-
L : Carbondale Fuel Co dia mine was formerly lo-
- e . cated. About forty acres
were opened up by this
drift, but the work was
abandoned because of fire.

Hastie. — A mine was
! sunk some years since at
i ‘this point by Adams and
Fi6.59. Mines nearHastie. Hastie. A fOUf foot vein

_ - of coal was worked at a
depth of 100 feet. Upon attempting to mine toward the south

*Keyes: Iowa Geol. Sury,, [, 202. 1804,
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water was encountered and the mine was eventually drowned
out. A second shaft was put down farther east by J. M.
Christy and a small area worked out. Near this point Karle-
& Prouty have a tract of land where the Iowa Fuel Co. now
operates a mine. The shaft has a steam equipment and a |
track from the Wabash railroad. So far the output has been
mainly used by the Newman Brothers’ brickyard, which is
located upon the same land. An upper seam of coal was
worked to a slight extent by the Woodlawn Coal Co., but the
shaft has been abandoned. '

Manbeck.—Opposite Hastie is the mine of the Coal Valley
Coal Co., which was owned formerly by the Manbeck and Coon
Valley companies. The section as shown by mining operations
has already been given. The coal now mined is reached by
both shaft and slope. The upper seam, which is not worked,
is reached by a slope driven up from the lower vein. This
upper vein outcrops along the railway almost to Avonand has
been opened up by local drifts at several points.

Carbondale.—The Carbondale mines: form a group lying on
the north side of the Des-
Moinesrivernear Four Mile
creek. They include the
two mines of the Carbon-
dale Fuel Co., the Christy
mine and the two mines of
the Gibson Coal & Mining
Co.

Mine number 1 of the
Carbondale Iuel Co. was
formerly operated by the
Towa Fuel Co. Number 2
is a new mine opened by
the company immediately after its recent organization. Both
mines are well equipped steam plants. The mines have con-
nections with the Chicago, Rock Island & Pacific railway and
the Des Moines Union, through which all the other roads in
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the city are reached. The company has a large tract of land
under lease at the mines, as well as two small tracts lying
respectively south and east of the Earle & Prouty land, and
a large tract near Adelphi (Tp. 76 N., R. XXIII W., Secs.13,
24, 25.)

The Chr 1sty mine is located between the two tracks of the
Chicago, Rock Island &
Pacific railway, and works
a large tract of land lying
mainly to the west of the
mine. It is a will equip-
ped plant with a tail rope
for underground haulage
and a revolving screen for
cleaning the coal.

The Gibson No. 2 is a
new mine located a quar-
ter of a mile north of the

F16. 61, Gibson and Christy tracts. Christy. - It is also located

' ' between the two railway

tracks. The land controlled by the Gibson company lies north

and west of the shaft. In sinking the latter considerable

trouble was experienced with a bed of quick sand. The sec-
tion encountered showed the following beds.

B, DBrift. e e e e cmemmceemm—————— 12
B, SANA e oo e e e ———— 40
4, Blueclay caomo oo e e 4
3. White pebble clay. o ocooamooo ... W 5
2. Blackshale. . _..coo... e e b S 22
1. Coal. . o e 4

This differs in the upper portion very considerably from the
record of a bore hole about 100 feet from the shaft. Since
the mine is in the valley of Four Mile creek the explanation
is found in the preglacial age of that stream.

Northeast Des Moines.—About three miles northwest of the
Gibson No. 1, and likewise located upon the west flank of Four
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Mile Ridge, are two mines, the Maple Grove and the Western.
The Maple Grove is 105 feet deep, with coal three to four feet
in thickness. The mine has a switch from the Chicago Great
Western, but sells a large portion of its
output on the local market. South of
the Maple Grove was the Union, which
worked out a tract of eighty acres and
was abandoned. North of the Maple
Grove is the new mine of the Western
Coal Co., which has been opened up.

A considerable tract of land has been

prospected and leased, and substantial

top works erected. Coal is shipped {

over the Chica,go Great Western. Fic. 62. Northeast Des Moines

mines.

East Des Moines.—The only mine now ,
operated in this famous mining district is the Eureka No. 2,
which was opened in the fall of 1896. It is operated by the
same company which owned the Eureka.No. 1 on the south

side of the river, and the mining equip-

East Dés Moines ment is the same. The company has a
switeh from the Chicago & North-West-

| A ~ ernrailway. The strata found in sink-

4 AN ing the shaft agree closely with those

mine. The thickness of the three veins
as found here has already been given.
The lowest vein is covered by twenty-
five to thirty-four feet of back shale,
so that the company anticipates no
¥ trouble from water. The company has
160 acres leased (Tp. 79, R. XX[IT W.,
Sec. 36, Nw. gr.) of which a small por-
(ol e NXA\® tion only has been previously worked
Fra.65. East Des Moines . OUb DY the Diamond mine. North of

- mines. , this lease (See. 25, Se. of Sw.) is the

land mined over by the Miller mine. FEast of the Eureka (Sec.

g \ already given as found at the Giant
7 z
i
|
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36, Ne. qr.) is the old Atlas property, a very considerable por-
tion of which was not mined because of trouble with water.
South of the Atlas was the Standard (Sec. 36, N. % Se. gr.),
and still farther south were the Giant mines (Sec. 36, Sw. of
Se.; Tp. 78 N., R. XXIV¥ W., Sec. 2, E. 3 of Ne. qr.). Directly
south of the Eureka (Sec. 36, Ne. of Sw. ) the Garver mine was
located. '

Saylor.—On the north side of the old valley prev iously
described, the Des Moines Coal Co. have a mine near Saylor
- postoffice. The shaft record has been already given. The
" mine is connnected with the Chicago & North-Western rail-
way. The lease includes 240 acres.. The only other mihing
carried on in this vicinity was on the county farm. Over a
portion of this land the upper seam shown at the Des Moines
mine was worked out some time since. ' |

Poll; (%ty.—But one mine has been open at Polk City.
That is now owned by the White Ash Fuel Co. The shaft has
steam equipment. So far local trade only has been supplied,
but a switch from the Chleago & North-Western railway is to
be built at once.
- North Des Moines.—Along the Des Momes river from Sixth
avenue to Beaver creek mining is being carried on quite vig-
orously. On the north side of
the riverare the Oak Park, Flint -
Valley and Lake Forest mines,
of which the last two ship coal
“over the tracks of the Street
Railway Co. OQn the south side
of the river are the Bloomfield,
Eagle, Keystone 1 and 2, and
West Riverside mines. All of
these minés _are shafts, with
steam hoisting plants, and all
depend almost wholly upon the
city trade. The Flint Valley
Fro. 64 North Des Moinesmines.  furnishes coal to the brickworks
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of the same company, while the Keystone mine and the Towa
Brick Co. use the same territory.
South Des Moines.—At present there are but four mines in
South Des Moines which are opening new territory. These
are the Clifton, Proctor and the two mines of the Van Ginkle
Coal Co. All are shafts operated by steam power. In addi-
tion, coal is being taken out from the second horizon on the
land formerly worked by the Polk County and Des Moines
‘mines by small gin shafts. The Riley mine,a small gin shaft
is located near the Des Moines.
The Scott mine is a small drift worked in the first vein upon
'the territory of the Pennsylvania. CAll this territory.is, how-
- ever, in the main, worked out, and the mines now operating
obtain coal from areas neglected by the older mines. The
Van Ginkle mines, one of which is now known as the Pleasant
Valley mine, have a switch from the Chicago, Rock Island &
Pacific failway (See figure 47.) The Clifton and Proctor mines
have no railway connection. The Clifton mine is located on
Clifton avenue, at the top of the hill leading up from the Rac-
coon. South of it a half mile is the Proctor. Between the
two is a small strip of territory worked out by the Bloomfield.
Between the Proctor and the Bloomfield is a ‘“fault” towards
which the coal rises and thins. It has been worked into 200
feet without being crossed. The Bloomfield lease lay east of
the Clifton and Proctor. Beyond it was the half section con-
trolled by the Eureka. East of the Eureka lease is the Van
~ Ginkle land. Next to it is a strip worked out in part by the
Polk County, and in part by the Des Moines mine. Beyond
the latter was the Eclipse lease, and in part south and in part
east of the Pennsylvania. The Pioneer land lay north of the
Bloomfield and Clifton, and in part west of the Eureka. It
‘extended north beyond the river. West of it was the Coon
Valley, and near the latter a small area was worked out by the
Great Western Coal Co.
Commerce.—There are two mines in opera,tlon at Commerce,
both of which are gin shafts, and both of which sell only to
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the local trade. The Merchants mine has a lease of forty
acres at the western edge of town north of the river. The
Hulme mine is just east of town. The land owned here by
Dr. Hulme includes 240 acres, part of which is south of the
river. It has been prospected and shown to contain coal.

In connection with the sketches showing the location of the
mines plate ix may be studied. Upon this plate the coal beds
shown at the principal exposures, or found in mines or borings,
are represented. The details of the sections have been in
most cases given in the descriptive portion of this work. The
correlations, so far as they can be made, are indicated by the
dotted lines.. Where they are not indicated the probable cor-
relations may be inferred from the relations of the coal to the
river level. The basis of the correlations has been already
discussed. The plate shows graphically much of the evidence _
upon which they are based, as well as the difficulties which
are encountered in any attempt at detailed correlations. It
will be noted that the coal beds of the southeastern portion of
the county form one group; those of South Des Moines form
a second; the East Des Moines, and along the river to the
Beaver, are readily correlated, and the sections near Millman
fit together; but between these separate groups correlation is
less easy, and for reasons already given, has not been
attempted. The great irregularity in the surface of the Saint
Louis is brought out, as is also the irregularity of the present
topography.” The thickness of the -coal beds is necessarily
exaggerated. - Their distribution and vertical relations are
better indicated.

Clays. ?

Des Moines is rapidly becoming known as one of the great
centers for the manufacture of clay goods. It already manu-
factures more paving brick than any point west of the Missis-
sippi, and the whole clay industry of the county is yet in its
infancy. Polk county contains vast quantitiés of material
suitable for manufacture into all grades of clay goods, and
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while at present the output is limited, it may be expected to
expand with increasing demand. |

- Both the coal measures and the Pleistocene beds yield mate-
rial suitable for manufacture. The loess is at present used
mainly for the common grades of brick, but it is so abundant,
so easily worked, and is capable of yielding such excellent
results, that it may be expected to be brought more and more
into requisition. The alluvium is quite generously developed
along the streams, particularly of the southern portion of the
county, as is shown upon the accompanying map. While itis
in places quite thin, and forms merely a sheet over under-
lying gravel or till, the aggregate amount present is enormous,
and at any given point is far in excess of any probable
demand. _ |

~ Alluvium is one of the most easily manipulated of clays.
It usually occurs with about the proper proportions or silica
and other ingredients, so as to require no mixing with other
material. It is spread over flat land, and hence is readily
accessible. It is easily dug and requires no crushing. It will
stand, in most instances, sun drying, and is most commonly
burned in simple cased kilns. "By the hand process, when
properly carried out, it yields an excellent brick of fair
strength, good color and low cost. The sand-rolled brick
made from-alluvium are not so beautiful as more expensive
brick, but they aré equally well adapted t6 inside work and
all classes of construction when fair strength and low cost are
the main considerations. There must always be a good demand
for such brick, and Polk county is well supplied with material
for all such local and probable foreign demand.

~ The second class of Pleistocene material available is the
loess, whose properties and distribution have already been
discussed. The loess occurring near Des Moines is mainly of
the type which for want of a better name is known as typical
loess, to distinguish it from the phase called white clay. It
is Iﬁghly silicious, contains considerable lime, and allows a
freer circulation of water than the white clay. The loess
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found here is best adapted to the dry-press process, though
it also yields fair results when treated as a stiff mud, provided
too much water is not used, and the drying is carefully
watched. When dried rapidly it is apt to check. It burns
to a cherry red and when properly handled, particularly if
moulded on the dry-press, will yield a firm, hard brick of
smooth surface and uniform pleasing color. It is a clay
~ which is easily handled and, except for the lime, has no det-
rimental impurities. The lime is not always present in such
quantity and form as to prove harmful, but it is one of the
things which should be carefully examined before an attempt
is made to utilize any deposit. B
The till is usually so full of lime concretions and pebbles
that it is not used. At Polk City it has, however, been made
into tile with very fair results, In other parts of the United
States till is used quite extensively in the manufacture of
common brick, and if the need should arise there is no reason
for supposing that the till present throughout Polk county
would not be equally available. Inthe presence, however, of
so much material that is more easily worked, it will not at
present pay to introduce the necessary cleaning machinery.
In the northern portion of the county where the loess and
coal measures are deeply buried and the streams have not yet
developed alluvial bottom lands, recourse may be had to the
slough clays. These are of essentially the same nature as
alluvium, being collected in basins by the water which falls
on the sides and runs down to the center. They are not of
great depth but may form important local deposits. Clay of
this character is in use at Bondurant, and has been used to
some extent at Altoona. It is quite free from lime pebbles,
and, except for a tendency toward checking; is easily handled.
The great bulk of the clay used in the county is derived
from the coal measures of the Des Moines formation. These
abound in clays and shales which vary greatly in composition,
texture and adaptabilities. They are used for the manufac-
ture of all grades of building and paving brick, sewer pipe
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and drain tile, and common pottery, and have been proven by
- careful experiment to be well adapted to the manufacture of
certain classes of terra cotta and pottery. The differences
in appearance and texture of these clays have been noted in
the sections given on preceding pages. Their wide distribu-
tion may be inferred from the same data. Certain minute
differences and adaptabilities as at present known are noted
in the sections which- follow. The coal measures are used
largely in the manufacture of pavers and various grades of
building brick.

Of pottery only the coarser grades are now made. There

are no kaolin deposits in the region, so that if the finest wares
be attempted kaolin must be imported and mixed with the
local clay, which may be used as a base. Since, however,
this is advantageously done at other points, it is to be
expected that in time the local demand at least will be sup-
plied by the home product. An excellent grade of kaolin
has been for some years supplied from southeastern Mis-
souri to Ohio, where it is used in connection with coal meas-
ure clays in the manufacture of medium and fine pottery.
There seems to be no good reason why a pottery industry
similar to that of Ohio should not be built up in Towa. The
coal measures of this state contain beds of clay well adapted
to this use and the Missouri kaoclin deposits are nearer Iowa
than Ohio. .
- In this connection it is of interest to note that the Carbon-
dale Fuel Co., as a result of experiments made both in
" this country and in Scotland upon clays found upon their
lands, have shown that their clays are not only suitable for
the paving and various colored building brick already manu-
factured within the state, but are adapted for enameled brick
and probably for ware of finer grades. It is expected that
plants will be erected for manufacturing these various lines
of ware. o ,

One very important use for clays of the grade found here
is the manutfacture of sewer pipe and chimney tops. At pres-
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ent there is but one plant in operatlon but the busmess is
one which may be expected to expand.

In general, it may besaid of the clay industry of Polk county,
that there is room for great expansion. With inexhaustible
quantities of clay of such widely varied adaptabilities, with
coal at hand, and with exceptional transportation facilities,
the region must become famous for its clay products. There
will always be a considerable local demand to be met, and so
long as clay goods are shipped into the state there will be
trade to be won by local companies. :

The methods adopted in working the clays vary with the
material, the object to be attained, and the individual prefer-
ence of the operator. They are brought out in the deserip-
tions of the individual plants. '

PAVING BRICK

Among the most important industries of Des Moines is the
manufacture of paving brick. This industry is of recent
establishment, and its rapid development is very gratifying.
Paving brick have been used in Holland for more than a hun-
dred years, but the use of brick for street paving in the United
States is quite recent. In 1870 an experimental block was
laid in Charleston, W. Va., and in 1873 several blocks were
laid in the same city. These brick are still in good con-
~ dition in spite .of having been laid upon a board foundation |
‘and of being of inferior quality, as judged by present stand-
ards. At Bloomington, Ill., several blocks were laid in 1875,
and have stood twenty years of service. . These were merely
hard burned building brick, and much inferior to the modern
pavers. 1t was not until 1890 that the paving industry
showed any notable tendency to expand, but since then its
development has been very rapid. Brick paving is being grad-
~ ually introduced into the larger cities. Saint Joseph began
to use it in 1388, Kansas City adopted brick paving in 1889,
and Saint Louis in 1895. Paving brick are now being used for
residence streets in Philadelphia, and more recently brick
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have been laid in Minneapolis, Omaha and several other cities.
In Chicago a few residence streets are paved with brick, and
experimental blocks have been put down by the Purington
Brick Co. on Michigan avenue and the Des Moines Brick Co.
on La Salle street. | .

In Des Moines the first brick was laid in 1889. They came
from Saint Joseph, and were laid on Forest avenue. The first
pavers made here were turned out in 1891 by the Des Moines
- Brick Co., and were used with outside brick. The first brick

paving done exclusively with Des Moines brick was in 1892,
when East Grand avenue to the fair grounds was paved with
brick furnished by the Des Moines Brick Co. To this com-
pany is largely due the credit for demonstrating that the
shales found here could be made into pavers second to none.
Since the first success the industry has rapidly expanded until
mnow four large paving brick plants are in operation, and oth-
ers are contemplated. - The brick is used at home so exten-
sively that Des Moinesis becoming known as the city of brick-
paved streets, and is gaining an enviable reputation for its fine
driving and haulage ways. '

Brick paving has of recent years become rapidly popular.
It has, as compared with other forms of paving, many impor-
tant advantages, among which may be mentioned the fact
that it is clean, nearly noiseless, healthful, smooth, durable
and cheap. When properly laid it has always exceeded
expectations. A not unimportant advantage of brick paving
is the fact that it allows the cleaning of the streets by flush-
ing, particularly if the sewers be made of the same brick, and
so are not affected by the wearing action of the muddy water.

‘Brick paving is easily and cheaply repaired, and like granite
blocks, is easily torn up for the purpose of laying or repairing
tracks, pipes, conduits, ete. It isless noisy than granite, and
since it forms a more even surface, is cleaner. It is not slip-
pery like asphalt, and is much more durable as well as
more healthful than the wooden blocks.
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A most important factor in the life of a pavement is the
character of the roadway upon which it is laid. Tt should be
well drained and well packed. In Des Moines the brick are
laid in either single or double course. The single course brick
rest upon a concrete (six inch) or macadam (five inch) founda-
tion, with the brick set on edge with their longer diameters
across the street. Between the brick and the concrete is a
two-inch cushion of clear sand. When the brick have been
set in place fine gravel and coarse sand are brushed over the
surface, so as to fill the interstices, and hot pitch is run into
the seams. A top surface of fine sandis spread over the pave-
ment and allowed to remain for a few days, after which it is
brushed off. Double course pavement is not ordinarily laid
on concrete. The grbund is prepared by grading and rolling,
and a course of hard burned brick laid over sand. Abo{fe this
is a second sand cushion, on which the paving brick are laid,
as in single course work. ’ -
~ One course paving requires sixty-six brick and costs with "
concrete according to recent contracts, $1.35 to $1.68 per
yard. Two course paving requires 105 brick and has been
costing, with concrete,.about $1.25 to $1.50 per yard. It is
impossible to compare these figures with the cost of other
work, since nothing but brick has been laid in Des Moines in
recent years. At Minneapolis recent bids were $1.85 for one-
course brick and $2.51 for asphalt. “ ‘
~ For very heavy traffic streets the foundation should be
strengthened. The Michigan avenue work in Chicago con-
sists of one course briek over sixteen to eighteen inches of
crushed stone and concrete. For such streets only the best
brick should be used. While clays capable of being manufac- -
tured into average paving brick suitable for residence streets
and smaller cities are not rare, clays which yield the higher
grade of pavers are not so common. For heavy traffic streets
or steep grades only the finest quality of material should be
used. Even such material will probably not be so long lived
~ as well selected granite blocks, but the first cost is very much

x
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less,and the difference in noise and resistance to traction offsets

the shorter life of the pavement. In the latter particulars

brick is only exceded by asphalt which, however, can not be
used on grades of over five per cent, can not be flushed, and is

expensive both to lay and to keepinrepair. The only cheaper

pavements are the Macadam and Telford, which require con-

stant care and repairs.

The durability of brick paving has not yet been determined.
No first class pavers have yet been worn out and some of
inferior quality have stood hard service for more than twenty
~ years. From the evidence of thelast ten years it seems prob-

able that well made and well laid brick are only surpassed in
durability by granite blocks. The popularity of brick paving
in Towa and the central west is established by the fact that
Des Moines brick are now in use in Chicago, Minneapolis,
Saint Paul, Omaha, Council Bluffs, Dubuque, Cedar Rapids,
Waterloo, Marshalltown, Davenport, Muscatine, Keokuk,Iowa
City, Waverly, Adel and other cities.. In 1896 18,000,000
_ pavers were sold, and for 1897 the home orders alone call for
“about 7,000,000.

The paving brick mdustry is so new that its technology is
still in the process of development. It is only within the last
few months that even a uniform series of tests has been
formulated, and improvements in the process of manufacture
and burning are constantly being introduced. The reported
failures of brick in some of the early experiments are now
known to have been as often the result of improper selection
and lack of familiarity with the proper methods of laying

_ brick, as of the poor quality of the brick.itself. The quality

is, however, being constantly raised as the requirements are ‘
better understood and the properties of the clays are more
studied.

The most valuable treatise on the manufacture of paving
brick is that recently issued by the Missouri Geological Sur-
vey* and written by Prof. H. A. Wheeler, of Washington

~ *Mo. Geol. Surv., vol. XI, 622 pp., 38 pls,. Jefferson City, 1897.
30 G. Rep. '
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University. The report covers all of the clay industries of
the state, and from the chapter on paving brick clays much
of the followmg is condensed. According to Professor
Wheeler a vitrified brick is one that is burned so hard as to
be almost non- porous. It should have a close, dense, com-
pact structure, a very high degree of hardness, and the indi-
vidual particles of the clay should be no longer visible, even
with a lens. In Des Moines practice brick are accepted for
street use if upon a chipped surface it does not show individ-
ual grains. Since all such tests are -matters of degree, and
since the quality of the brick has been amply attested both
by use and experiment, this seems to be a safe test.

If the. brick are cooled slowly they will have a crushing
strength that exceeds gramte and a toughness nearly as great.
In these particulars they are sharply differentiated from bulld-
ing and fire brick. If they are burned so hard as to be com-
pletely vitrified they are giassy and are not so tough. The
, 1owe1° heat only shghtly vitrifies the matemal and produces a
brick with stony fracture. It is this *incipiently vitrified
brick which is desired. The materials used for paving brick
are shales and impure fire clays. The primary requisite is
ready fusibility Which is induced by what are called the flux-
iﬁg' impurities iron, soda, potash, lime and magnesia. The
greater the amount of the first of these constituents the easier
it is to fuse the material. The Des Moines clays carry from
2.05 per cent to 13.12 per cent of this materlal and the per-
eentage of total fluxes varies from 2.88 to 17. 60 the majority
fa,lhng between 6 and 10 per eent The extremeb are of
course only used in combination. The clays as mixed and
- put into the pug- -mill carry accor ding to one series of deter-
minations 7.48, 6.13, 10.52 and 5.53 per cent of fluxes. The
higher percentage of fluxes has the advantage of causing vit-
rification to set in at relatively low temperatures and hence
allows fuel economy Too high a percentacre, however, causes

too ready a fusing, and yields glassy brick which fail in -
toughness. '
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The toughness of brick seems to depend largely upon the
physical properties of the clay, including particularly the fine-
ness of grain and the density. It is also influenced very
largely by the manipulation of the clay and the manner of
the burning. \

The chemical composition of the shales used for paving
brick shows the widest variation. This is illustrated in the
analysis of the Des Moines shales, and in the following table

given by Wheeler, and based upon fifty carefully selected
analyses.

2] j=h [5) .
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= = < =
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Tgnition loss (H, 0, S,CO,) ... _. 3.0 13.0 7.0 e
Moisture (H, O) -_.__. memcemmamssmsmesemme—amam———- 051 3.0 1.5 ..
Total non-fluxing constituents _.___. . _______.y Z___.| ..l | ... 81.0
Iron sesquioxide (Fep, Og) -ooon oo .. 201 9.0 6.7 | oo
Lime {Ca0) - oo e 0.2 3.5 L2 ...
Magnesia (Mg O) .. . 0.1} 3.0 3
Ikalies (Na, Oy Ky O) . oooooooooeo. 10| 55| 37| .-
-~ Total fluxing constituents ... | ...} | o 13.0
Grand total_ . .| ... | I 100.0

As a matter of fact the majority of clays used approximate
quite closely to the average given. The wide range in com-
position is possible because of a compensating range in the
manner of combination of the fluxing constltuents and in the
specific gravity and fineness of grain.

The requisite physical properties are summarized by
Wheeler as follows. _

(1) The clay should have sufficient plasticity to allow it to
be readily moulded. If it is so lean as not to admit of being
worked into a continuous bar by an auger machine it cannot
compete in cost and quality with the clays that can be so
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worked unless a fat or bond clay is mixed with it. The air
«dried ¢lay should have a tensile strength of about 100 to 150
pounds per square inch. If it is too fat, or the tensile
strength be above 200 pounds, the clay is apt to laminate in
mmoulding and check in drying. The checking can be pre-
~vented by mixing in lean clay, grog or sand, but the resulting
brick are never so strong, and there is danger of lack of uni-
Formity in the brick as a result of imperfect mixing.

(2) The shrinkage in air drying or burning should not
exceed 12 per cent. Greater shrinkage leads to checking and
dncreases the difficulty of burning. |

(3) The clay should allow the brick to be put through a
properly constructed dryer in twenty-four to thirty-six hours.
Slower drying causes delay and extra expense for added dry-
ing room. |

(4) 'The speed in burning should permit a vitrifying heat to
“be put on in five or six days. A tender cla)y, demanding slow
firing, greatly increases the cost.

(5) The point of incipient vitrification to which all paving
“Jorick should be brought should be low, from 1,500° to 2,000°
- K. It should be readily obtained in an ordinary kiln.

- (6) The point of viscous or scoriaceous vitrification should
be at least 300° and preferably 400°F. above that of incipi-
<ent vitrification. Unless there is an ample margin there is
‘heavy loss from either soft unburned, or warped overburned
brick. It is impossible to control the hea,t of the kiln within
A Very harrow margin. _

(7) The density both before and after burning should be as
Thigh as possible, since it is an important factor of durability.

(8) It is often desirable, in order to meet a popular preju-
«dice which seems to have some foundatlon in reason, that the
clay should burn to a dark color.

The quality of the output is very 1argely mﬂuenced by the
<character of the process of manufacture adopted. The details
of the process as carried on in the Des Moines plants are given
in thedescriptions of the individual works. In general thepro-
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cess includes (1) mining of the clay, (2) pulverizing, mixing and

tempering, (3) moulding the brick, (4) drying, and (5) burning..
" Thorough pulverizing and mixing is important to secure a.
homogeneous product. The tempering controls largely the
ease of moulding, drying and burning. In this work, because
of the uniformity which may be attained by its use, the auto-
matic tempering machine used by the Iowa Brick Co. has
many important advantages. In moulding it is important to
avoid excessive lamination since this is particularly unfortu-
nate in paving brick. The amount of lamination may be con—
trolled by proper tempering which may be in turn controlled
by regulating the feed of the machine.

Recently it has become common to repress the brick. This:
process gives them better shape, makes them denser and
usually stronger. In drying the usual care must be exercised
to avoid checking, which is particularly liable to occur im
paving clays because of their considerable shrinkage. The:
burning is perhaps the most- important part of the process.
In this work down draught kilns are exclusively used. The
bricks should be set very open and the heat thrown first to
the center. As color is not important water-smoking with
wood is unnecessary and the whole burning may be done with-

‘coal. After the water-smoking two to four days, firing should
be maintained four to six days, so as to bring the entire kiln.
up to a cherry red heat, 1,600° to 1,900° F. The kiln should
‘be cooled slowly allowing plenty of time, six to twelve days,.
for the annealing. The slower the cooling the tougher will
be the brick. It is impossible to burn a uniform kiln of brick.
Only from 60 to 90 per cent will be No. 1 quality. At Des.
Moines the percentage ranges usually from 75 to 85 per cent..
The remaining brick, while unsuitable for paving, are excel-

lently adapted for use as hard burned building brick and
~ usually command a ready sale. ‘

The testing of paving brick is a matter which has attracted

much attention, and the proper methods of testing have been
much misunderstood. An experienced inspector can tell
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much from the appearance of a brick and the character of a
fractured surface. He may, however, be much deceived in
examining brick with which he is not familiar, and in any
event such a test can not be formulated so as to be either
-useful for comparison or available for future reference. A
number of mechanical tests, including crushing, cross-break-
ing, absorption and the rattler test have.been used. The
present tendency is to rely mainly upon the eye inspection
and the rattler test. '

The paving brick companies of Des Moines have recently
had a very complete set of tests made upon their brick. The
work was done by Mr. E. P. Boynton, C. E., city engineer of
Cedar Rapids, with the exception of the chemical analyses
which were made under his direction by Prof. C. O. Bates of
Coe College. The tests were carefully planned and were car-
ried out with great detail. Through the courtesy of the
managers of the four companies concerned, the Survey is per-
mitted to publish here the summary results of the tests. It
should be remembered that these are only the summaries and
in each case represent a large number of individual tests. A
few of the detailed tests are given-under the description of
the individual plants. At this place, in Table I, is given a
general summary, together with the results of similar tests
on certain other well known brick for comparison.
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The tests included the determination of the abrasion and
impact loss by means of the rattler, the porosity by the
absorption test, and the transverse strength. The latter is
expressed in terms of the modulus of rupture. The rattler
used was polygonal in form, twenty-nine inches in diameter,
and forty-eight inches long. It was charged with eleven
brick and a standard charge made up of 300 pounds of two-
pound cubes, 340 pounds of two-pound cast iron spheres, and
120 pounds of smooth cast iron foundry shot one-fourth to one-
half pounds each in weight. This charge was itself deter-
mined to be best adapted to the work as the result of a series
of experiments. The test consisted of 800 revolutions at a
rate of thirty-three revolutions per minute, the rattler being
driven by steam. Thelossis calculated in per cent by weight.

The absorption test was made upon brick which had been
subjected to the rattler treatment and had accordingly lost
their external glaze. The brick were brushed clean, dried at
174°-178° F. for seventy-two hours, cooled one hour at 60° F.,
- weighed to .0025 pounds, set on edge in running water at 40°-
42° F. for seventy-two hours, wiped dry with a cotton cloth
and re-weighed. The gain is expressed in per cent by weight.

The transverse strength was tested by cross-breaking and
from this the modulus of rupture was calculated as usual.

The formula used for calculating the general rating was
adapted from one used by Wheeler. 1t is as follows:

V=(20-R) 6 4 (8-A) + T_

110

R=Rattler loss in per cent by weight.
A=Absorption in per cent by weight.
T=Modulus of rupture per square inch.

The actual ratio in each case was obtained by comparimg
all the specimeéns tested. The rational ratio takes account
only of those which show no signs of having suffered acci-
dents during the tests.

Des Moines Brick Mamufacturing Co.—This company was
the pioneer in the paving brick industry of Des Moines.
They formerly operated a small plant for the manufacture
of tile, but in 1891 undertook the manufacture of building
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brick and pavers. The first large contract which the
company filled was to furnish the brick for the Equitable
building, both the face and roof brick being furnished. Later
they began to make pavers as already noted. Their success
has been to a high degree gratifying, and the original plant
has grown until it is now one of the largest brick plants in
the west. The works are located in west Des Moines between
the tracks of the Chicago, Rock Island & Pacific and the Des

Fig 63. Des Moines brick works.

Moines & Northern railways. A considerable portion of the
output was at first placed on the local market, but of recent
“years the shipping trade has been increasing. The pit is in
all about forty-five feet deep. _

 The clay, as exposed at the time of Mr. Boynton’s tests,
and character of the brick which may be made from each
stratum is given below.: ‘

D—1. Clay, variegated, highly refractory, burning to a brick of medium tough-
ﬁess, high porosity and low breaking strength; thickness, three to
eight feet; average, five feet.

D—2. Shale, streaked in color, medium fusibility, high in iron and fluxes; burns
to a brick of medium toughness, medium porosity and low resistance to .
rupture; thickness, three to eight feet; average, four feet.
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D—3. . Shale, solid chocolate brown color, clear definition; brick show medium
toughness, low porosity and high modulus of rupture; thickness, five
feet.

D—4. -Shale, solid color, clear to p001 definition; an average clay with medium
iron, and fluxes lower than the clays above; brick show low toughness,
low porosity, high modulus of rupture; thickness, five feet.

D—5. Shale, variegated, clear to poor definition,low iron and fluxes, hlgh alum

- ina; brick show medium toughness, low absorption, high modulus of
rupture; thickness, three feet. '

D—6. Shale, sandy, solid color; brick show low toughness, low absorption,
medium modulus of rupture; thickness, ten feet.

D—1. Shale, sandy, clear definition, solid color, granulated texture, pulverlzes
in the hand; not tested separately; thickness, five feet. S

D—8. Shale, gray, clear definition, easily fused; brick, good toughness; hwh
porosity, low modulus of rupture; thickness, twenty to twenty-five feet.
Thls clay forins 38 to 40 per cent of the bank and runs to the underlymg
coal.

The ehemleal analysis of the individual -elays 1s shown in
table IT. In considering the results of the tests on each clay
of this and the other pits, it should be remembered that the
different clays need different treatment, particularly in the
burning. It was not possible to give this, so that many of the
clays rank lower than they deserve This brings down the
averages shown in table I. ' ' |

TABLE IL.

CHEMICAL ANALYSEa, DES MOINES BRICK MANUFACTURING CO _
: —C. O. BATES, Chemist.

DESIGNATION. *D-1. | D-2.| D-3. | D4 | D-5.| D-6. | D-1. | TD-8.
Silica, total, ST O, _____. 70.29 | 59.18 | 64.60 | 64.41 | 63.23 | 76.01 | 67.76 | 55.56
Alumina, A1, Oy ._.__.__. 15.18 1 21.63 ¢ 19.2020.43 1 24.52 | 11.94 14.46 | 21.33
Water, combined, H,O._.| 218 | 3.80| 3.95{ 3.93; 2.55| 1.41| 353! 4.65

Clay and sand_.._...| 87.65 | 84.61| 87.75]88.77 | 90.30 89.36 | 85.75 | 81.54

Ozxide of iron, Fe, O,__ ... 732 9.001 7.€8| 5.88| £.28| 5.40| 8.52.,10.56
Lime, Ca O_-__ ... __ .80 ( 1.06| 1.02) .34; .32{ 157} 1.16| 1.59
Magnesia, Mg O _._______ 172 1.8 137} 171 .99 1.04{ 2.36] 2.94
Total alkalies ... __..__. 149 | 152 1.25] 1.90} 1.16| 1.80| 1.24| 2.38

Fluzes ... .._____. 11.33 11343 11 32| 9.83| 7.756| S.81 13.28 | 11.47
Water, free, H, O _._.._. 1.02 | 1.95 92| 1.27| 175| 65| 67| .97
Total - __._____ 100.00-| ©9.99 | 100.01 | 99.77 | 99.80 { 99.82 { 99.70 | 99.98
Oxygen in acid to oxygen| _ o .
inbase 1. ________ 3.52 | 2.21) 275 2.71) 2.42| 4.74) 3.26] 1.92
Oxygen in alumina to oxy- :
geninflux 1______.._. 2071 2491 2641 3.24] 4971 1.981 1.65: 1.89

*Top clay worked. tBottom clay worked.
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The clay is mined by means of a Barnard steam shovel which
loads the material into small cars. The latterare hoisted and
dumped, the material falling into the dry-pans, one of which
is of the Eagle Iron Works pattern and the other that of the
Des Moines Manufacturing & Supply Co. The crushed clay
is conveyed by an elevator to screens with openings 3X # inch,
and thence to bins. A portion of the material is pugged in a
Wallace mill, and the remainder passed through a Chambers
pug-mill. Two Chambers brick machines are used.in mould-
ing. They have a combined capacity of 70,000 brick in ten
hours. Four Eaglerepressesareused. Thebricks are loaded
at the machines into iron cars, upon which they are pushed
through the dryer to the kilns. The dryer has six tunnels
and is held at 230° to 300°F. Tt takes thirty-six to fifty hours
to dry the brick. In burning, Eudaly kilns, of which there are
ten, of 200,000 to 225,000 capacity each, are used. Water-
smoking consumes two to three, and the burning takes about
six days. The brick have a high and well deserved reputa-
tion, asis shown by the subjoined tests. They have been used
in most of the important paving contracts filled by Iowa con-
tractors. When the works are in operation the out-put is
about 120,000 per day with 80 to 85 per cent-pavers. In all,
about 76,000,000 paving brick have been made at this plant.
It takes about thirty days to get the plant fully in operation.

TABLE IIL
DES MOINES BRICK MANUFACTURING CO.

ABRASION AND IMPACT—RATTLER TEST.
General pavers, end cut common, from brick for paving Cedar Rapids, Iowa,

season of 1896. ) _ E. B. Boy~tow, C. E.
; CHT— s
2 | 3 WEIGHT—LBS. | &
S| % ~ = .
MARKS. §§ ® E g CONDITION AFTER TEST.
— = ~a o — . -
ZRIET 0 | B |33
C.4VI_| -.33| 800| 6.25| 5.76| .49 | 1.84] Even wear.
L3IX. 33| 800, 6.32; 5.76.56 | 8.86| Chipped corners.
B-S.-1.{ 30| 806| 6.22| 5.76| .46 | 6.40| Some chipping, were generally even.
Lo _. ‘33| 800! 595 5.43|.52|8.74[ Chip off corner. _
1-71-X. 32| 800| 637 | 5.85].52 616 Wear even. .
Y/ 32| 800 6.50| 5.95|.54)8.31 Chip off one corner.
Avig | oo - 8.05 |
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TABLE IV.
DES MOINES BRICK MANUFACTURING CO.

ABSORPTION TEST.

General pavers, end cut common, from brick for paving Umon station grounds,

Cedar Raplds Towa, in 1896, made in 1895. E P.Boy~TON, C E.
WEIGHT =
IN POUNDS. &0
) 1 g “6
MARKS. 82 El
. s @ - 8
A < O] o
0 495 | 497 040 | .90
D-6-V e 4.36 4.385 025 57
D6 et 4.80 4,82 020 41
D 6L e £,09 5.11 020 .39
D6-TX o e el 487 | 4.90 .030 61
D8-X e e = | 4282 4.845 .025 .52
AVETAZE - oo | . b | .56
TABLE V.
DE3S MOINES BRICK MANUFACTURING CO.
TRANSVERSE RUPTTGRE TEST
3lw i

Broken in registering hydraulic press. Modules of rupture =M = =, Tn:
which 1= length between supports, = 6 mc:hes b = breadth and h = depth of
brick, w = br eakmg load

General pavers, end cut common, from brick for paving Union station grounds,
Cedar Rapids, Iowa, in 1896, made in 1895

E. P. BOYNTON, C. E.

MARKS. b. | b | w | m REMARKS
DSI oo 4.05| 2.40|7.000 | 2,695 | Medium dark reddish.
| 8 4.02 1 2.38 6,200 ; 2,453 | Brown color, with many white
o and red pebbles
)2 4.00; 2.35,6,900 | 2,810 | Few lamination cracks
2 e e 4,10} 2.32|5,600 | 2,251 | Break on two or three adges.
Ve e 4.11{ 2.357,200 | 2,856 | With square even fracture.
Average ._._____. 2,621 '

The figures given in tables 1T, IV and V are obtained from
tests made on the general paving brick manufactured by the
company. A combination of the results according to the gen-
eral formula, V= (20 —R) 6 + (8 — A) + /L, gives a rating
of 101.95, a most satisfactory showing. The ratings given in
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table I, are somewhat lower, though still quite satisfactory.
This is explained by the fact that the latter figures were in
part based upon special brick manufactured from each clay.
The difference demonstrates that in practice the clays are so
combined as to compensate individual defects. The high rank
is largely a result of the toughness. This indicates very care-
ful burning. '

Flint Brick (o.—This company has an extensive plant
located in Oak Park upon the Des Moines river. They ship
over the Flint Valley line of the street railway and are also
within easy hauling distance of all parts of the city. The
property includes a coal mine and a brick plant, both having
been opened in 1893. The details of the section exposed in
the pit are given below.

FEET. INCHES.
12. Clay (Pleistocene) .o oo o cooaoao_o S
11. Shale, varicolored, the lower portion of the
. nature of afireclay ... ____ .l ________ 8
10. Shale, buff to gray, gritty .- oo .. 6
9. Limestone, impure ... ..o ___________. 6
8. Shale, red and bluish gray; laminated...... 6
7. Shale, brick-red in color, clean unctucus ... 4
6. Shaile, light gray .coococeo oo A 4
5. Shale, crumbly, gray._ . oo __ 1 6
4. Shale, “blue’” o el 28
3. Shale, bituminous. ... ... __ 8
2. Coal, soft, “pockety’’_ . ... 1
1. Fireclay.....___ e 1

Above number 4, the entire section is fully exposed.
The lower numbers were. encountered in sinking the shaft.
The coal is the seam exposed along the river and already
mentioned. - Excepting numbers 9 and 12 the entire section of
clay is suitable for use.

Analyses of the clays are given in table VI, the analyses
being made by Professor C. O. Bates, and published through
the courtesy of the company. The samples are taken from
the top down. As these samples were taken at a different
time from that at which the section just given was made they
cannot be exactly correlated with the members noted.
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TABLE VL

CHEMICAL ANALYSES FLINT VALLEY CLAYS.—C. O. BATES, Chemist.

Lol2 | 3| 4|5 |6 |
Silica, total, S1 Oy ocemeeo oo 70.23 | 69.89 | 568.92 | 50.38 | 62.70 | 64.31 | 64.03
" Alumina, Al, O, _. .. ... 15.68 1 17.68 | 21.45 | 27.25 | 21.32 | 17.64 | 20.73
‘Water, combined, H, O __._....._. 1.82 197| 413 3.62| 4.90| 547 3.50
Clay and sand - .ccocoouoo oo 87.73 | 89.54 | 84.50 | 8125 | 88.92 | 87.42 | 88.26
Oxide of Iron, Fe, Oy oo .o .| T7.4%1| 5.68] 8.40|11.54! 5.88) 7.68| 6.72
Lime, Ca O - oo e 471 1.05 .98 .86 161 112 .36
Magnesia, Mg O .ooooo oo .. 150 1.68; 290 293, 1.77| 2.40| 2.57
Total alkalies - .. ___._. 1.26 | 1.15| 249} 165 1.156} 115 1.30
Fluxes - oo 10.67 | 9.52 14,77 | 17.08 | 8.96 | 12.35 | 10.95
Water, free, H, O_ oo ____..__. 150 .85 .57 1.48¢ 2.12| .42 42
01RO 99.90 | 99.91 | 99.84 | 99.78 [160.00 | 99.99 | 99.63
O. in acid to O. in base ...._..._._. 3.871 3181 215 148 2.59| 2.81) 2.57
Ox. in Alk. t0 O. in fluxes..__.___. 3.281 276| 229 2.43| 3.62| 216 2.84

The clays are carried to a dry-pan of the Hagle Iron works
make. After being crushed the material is elevated to a
screen from which the coarse material is returned to the dry-
pan and the fine is sent to a Penfield pug-mill. From this
machine it goes to a No. 20 Penfield brick machine with a
revolving cut-off. The brick are dried in an iron-clad dryer,
the temperature ranging from 160° at one end to 220° at the
other. Little orno checking occurs unless too much of No. 12
is used. The brick are burned in Eudaly kilns of 225,000
capacity. The main output of the plant is paving brick, but
hard burned building brick, both rough and smooth, in dark
red and buff colors, are also marketed.

“In the Boynton tests the pavers from this plant, taken from
stock, gave a per cent of absorption of .93 as an average of ten
tests, the results ranging from .53 to 1.22. The modulus of
rupture was found to be 2,740 as a result of three tests. The
rattler test gave 12.49 (actual and rational) as a result of ten
tests ranging from 9.57 t0 14.59. These figures give the brick
a rating of 82.25 according to the formula.

Towa Brick Co.—The works of this company are located in
the northwestern portion of the city across the river from the



PAVING BRICK ANALYSES. 387

Flint brick works. The plant, which is quite extensive, was
“opened in 1893. The shale is mined by blasting and digging
and hoisted by tail-rope to the receiving room, where it is
dumped into two Frey-Sheckler dry-pans. From the latter it
is elevated and run through a revolving screen (4 x 9 feet),
the tailings returning to the dry-pans. The clay goes from
the screen to a Frey-Sheckler pug-mill, being fed into the
latter through a Cook automatic mixer. This is an ingenious
machine in which the amount of clay passing through the

. F1G. 66. Iowa brick works

hopper and spread upon an endless belt regulates the amount
of water turned into the pug-mill. The mixer can be set so
as to furnish a certain percentage of water and beyond that
preliminary gauging requires no attention. It does away with.
the necessity for a man at the pug-mill and has many impor-
tant advantages in addition. From the pug-mill the clay
passes to a Cunningham brick machine. From the latter the
brick go the repress, of which they are three of Bonnott
make. At the repress they are loaded upon iron cars which
run through the dryer. The latter has fifteen tracks,
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‘each holding twelve cars, giving a total capacity of 75,000
brick. It is heated by live steam and ordinarily 65,000
brick are run through in twenty-four hours. At the dis-
charging end of the dry-house is a transfer track so that
the cars may be run into the kilns. Of the lattér there
are seven large ones of Dewhirst pattern, and one bee hive.
The plant includes a 250 horse power Bass engine and four 80
horse power boilers of the same make. This company makes
both building and paving brick and in the past three years has
put out about 26,000,000 brick. In making the pavers the
whole of the section isused. The clays vary greatly in appear-
ance and character as is shown by the following section and
analyses taken from the report made to the'company by Mr.
E. P. Boynton. 7 ' ' |

1-1. Shale, variegated, reddish brown, mahogany r_éds, FERE
yellowish, bluish drab, dark gray, almost black;
the colors mottled parallel to bed o oo 6
1-2. Sandy, light yellowish white, solid color. - oo oo_. 6
1-3. Slightly sandy at top to clear shale below, pale blue ’
streaked with chocolate brown, to chocolate

D OWIL - o il 5
1-4. Shale, clear chocolate brown .....__....____. P 4
1-5. Shale, granular, dark solid drab with 1edd15h pur-
plenodules.________..__..__. e e e 3
1-6. Shale, bluish drab..___..._..___...._.__ ez 6
1-63. Same as No 6, exposed at western end of cut, weath-"
ered .
1-7. Shale; streaks of brownish drab and greenish, to
chocolate brown. Stratification well defined.__._._. 6

1-8. Clear dark drab, with olive green tinge -....._...._. 2
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TABLE VIIL
CHEMICAL ANALYSES IOWA BRICK CO. CLAYS—C. O. BATES, Chemist.

11 | 12 | 13| 14 | 15 | 1-6 | 163 | 17 | 18
Silica, total, $i O, .| 55.98 | 81.79 | 68.50 | 52.88 | 66.73 | 64.60 | 64.82|57.25 | 53.05
Alumina, Al, O, .| 25.65|10.25 | 18.45 | 24.27 | 20.28 | 20.25| 21.00 | 22.50 | 25.92
Water, combined,H,

o._._____...- 3.73| 1.27| 2.82| 3.28| 4.92| 3.714| 3.10| 3.62| 4.40
Clay and sand.__| 85.36 ] 93.31 | 89.77 [ 80.43 | 91.93 | 88.59 | 88.92|83.37 | 83.37
Oxide of Iron, Fe,O,| 5.88| 3.24| 5.28 |11.28| 3.24| 6.712| 5.16| 7.92| 8.6
Lime, Ca O_._ - al s2l| 19| 52| 0l 120 42| 90| 1.00
Magnesia, Mg O .| 1.88| .57| 1.42] 2.03| .90| 1.02| 248| 2.28| 273
Total alkalies: ... 195! 175 1.27| 192) 146| 133| 211| L4l L29
FIuxes - ... 10.45| 6.08] 9.16]15.75| 6.30| 10.27 10.77 | 12.51 | 13.18
Water, free, H, O .| 3.12| .58| .88| 3.46| 170| 114| _.33| 3:88| 270
Total - oo 99 53 | 99.97 | 99.81 | 99.64 | 99.93 | 100.00 | 100.02 | 99.76 | 99.85

O in acid to O in N ’
DASE - - oo 195 6.61] 3.17| 1.73| s11| 212| 261| 210| 171
Oin Al to Oinfluxes| 3.81| 278! 313! 239! 514! 812! 2.99| 272! 2.84

The properties of the individual clay beds of this section
may be inferred from the analyses as also from the following
physical tests (see table VIII). These tests were made upon
brick from the separate clays, the numbers corresponding in
the two tables and the section. In addition it will be noticed
that averages are given for brick made from the combined
clays, end cut and side cut, both repressed and common. The
brick put on the market are represented by these later tests.

31 G. Rep.
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TABLE VIIL
TABLE OF AVERAGES AND COMPARATIVE RATINGS—IOWA BRICK
COMPANY.
E. P. Boy~ToN, C. E.
R . :
ABRASION ANDIM-| 25 | TRANSVERSE | <
PACT, RATTLER | '@ &' | STRENGTH, RUP- |
TEST. 2% TURE TEST. 2
oo
s &
METHOD OF AVERAGES. kS
MARK. . . _ 3
MANUFACTURE: | R GENT OF LOSS MODULDS OF RUPY o
: - URE. 2
i S lws 2. o gl 2% | Ra
S s | g5 | 88| 2 S | £33 | &3
3 ot =5 < .3 = et 8 =] =
5 | 5 | &2 || 5 | § |82 |56
<= i S | A < g <4210
1 2 3 4 5 6 1 8 9 10
) B I End cut common | 16.53 | 14.68 | 15.60 | .82 |'2,812 ) 2,812 2,812 | 64.78
1-2 e End cut common | 15.01 |{ 14.07 | 14.54 | 5.74 {1,929 | 2,176 | 2,052 | 44.45
1-3 oo End cut common | 17.01 | 13.88 | 15.44 | 1.39 | 2,765 | 3,203 | 2,984 | 69.93
i4_ ... End cut common | 17.29 | 15.93 | 16.61 | .54 3,086 | 3,086 | 3,086 | 62.24
1-5 ... End cut common | 22.12 1 20.53 | 21.82 | 4.98 2,921 | 2,921 | 2,921 ; 11.72
1-6_ ... End cut common | 14.16 | 13.8113.96 | 2.62 2,300 | 2,450 | 2,375 | 63.24
1-7T ... End cut common | 14.28 | 14.28 | 14.28 | .30 |3.174 | 3,174 | 3,174 | 77.98
. Bnd cut common | 28.00 | 25.00 | 26.50 | 73| 2,101 | 2,318 | 2,210 | 15.82
1-S ... Side cut repress | 14.80 | 13.63 | 14.22 | .96 | 3,348 | 3,714 | 3,631 | 77.28
1-S.. ... End cut common | 16.80 | 15.65 | 16.23 | .86 | 2,193 | 2,193 { 2,193 | 54.21
1-SC.___. Side cut repress | 12.23 | 1181 112.02| .55 3,348 | 3,714 | 3,531 | 9212
1-EC. _._| End cut common | 12.28 11.45 '11.87! .80 2,193 |2,193 12,193 | 80.61

The company also manufactures terra cotta, using for this
purpose carefully selected clays. In making terra cotta the
clay is run through the dry-pan and pug-mill as usual and then
spread upon the floor and covered with a cloth to keep moist.
The pieces are moulded in plaster moulds and carefully dried.
The ware is burned in a muffled kiln, so as to be protected
from the fire, and requires seventy to seventy-five hours firing.
Red and dark purple cornice pieces have so far been the prin-
cipal output. _

Capitol City Brick and Tile Works.—This plant is located on
on the southside near the intersection of the Keckuk & West-
ern and the Chicago Great Western railways. A section of
the pit has already been given. At the time Mr. Boyuton
visited the works the exposure measured about fifty feet. His
saction from the top down is as follows:
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FEET
C-0. Clear, medium light drab with slight seams of rust,

mastic, very slightly gritty. ... . _____ - 1
C-1. Shale, mottled and streaked, maroon to sea green,

greenish and purplish brown, rust in seams______ 4%
C-2. Shale, medium dark bluish drab, clean.___ .. ______ 7
C-3. Bastard fire clay, mottled purplish biue, dark grey,

slight rust in seams ... __________ 4
C-4. Shale, soapy, but containing some grit, clear green-

ish drab ..o .. 15
C-5. Shale, very dark greenish grey with slight seams of

PO oo e o e 13
C-6.  Shale, clear blue sandy .- ______________ 10

Samples taken from each layer were analyzed (see table IX)
and brick made from the individual layers were tested with
results as shown in table X. The numbers designating the
individual layers of the section correspond with those of the
analyses and tests.

-TABLE IX.

CHEMICAL ANALYSES OF CLAYS—CAPITAL CITY BRICK & PIPE CO. .
' C. O. BATES, Chemist,

C-0.{ C-1. | C-2.|C-3. | C4. | C-h | C-8.

silica, total, 81 Op - o oooooeeee. 55.25 | 53.08 | 6118 | 68.60 | 65.62 | 51.35 | 58.42
Alumina, A1, O o . ____. 25.60 | 24.93|21.69|18.93|16.83[27.38 | 20.04
Water, combined, H, O - ... 507| 5713 5.01| 2.80| 4.10| 5.42| 5.40

Clay and sand —-_____________{85.92| 83.74|87.88|90.33 | 86.55 | 84.15 | $3.86
Oxide of Iron, Fe, O, -__....____. 5.52| 9.00| 588| 6.12| 8.64| 6.60| 7.80
Lime,CaO. ... ... _ ... L75 84| 51| .25| .42] 1.45] 1.60
Magnesia, Mg O ... ____.______. 149 1.84| 1.92; 68| 2.00| 262 267
Total alkalies ... ..o______..__| L79| 1.19| 1.96| .74| 1.66] 2.34| 1.56

Fluges - ool 10.55 | 12.9710.27| 7.79112.72113.01| 13.71
“Water, free, H, O ___.________. 3.27| 3.291 127} 1.80| .60| 281! 239

TOtal o oo 99.74 | 100.00 | 99.42 | 99.92 | 99.87 | 99.97 | 99.96
Oinacidto O inbase.......____. 193] 1.78| 243| 3.23| 2.95| 1.62| 227
O in alumina to O in fluxes ____.__ 3.82] 2.95| 3.28| 3.80) 2.04! 3.25| 22923

In making the brick the material is hoisted to a Frey-
Sheckler dry-pan with a tailings crusher of the same make,
and is moulded on a No. 10 Penfield machine. There are two
large brick-walled tunnel dry-houses of nine tracks each and
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with a total capacity of 60,000 brick. The temperature used
is about 200° F. The kilns include three Eudaly, one round
and two rectangular, seven round down-drafts and one open
kiln. The burning, including water-smoking, requires ten
days. Paving brick of excellent quality is the main out-
put, though large quantities of building brick are also mar-
keted.
‘ 'TABLE X.

PAVING BRICK TESTS—CAPITAL CITY BRICK AND PIPE CO.

E. P. BOYNTON, C. E.

~g
. 0 &
ABRASION AND IM-|5 & TRANSVERSE | S
PACT, RATTLER |2 & | STRENGTH, RUP- | b
TEST, 2 Z+| TURETEST. | ™
, =87
MARK. MMEITIIFiZ(?ngE S MODULUS OF E
B ' AN . Q| =
A * |PER CENT OF LOSS.| o RUPTURE. °
e . 83| 2
3 | W% |.0 . 3
515 (2558 5| 5 |25 2E
< | B |<° & <4 | & |<° |0
1 2 3| 4 | 5|6 .7 8| 910
C-1.._._.. End cut common | 16.91{16.30 { 16.64 | .97 |3.375 | 3,544 | 3,460 | 63.74
C-2 ... End cut common | 18.73 [ 18.73 | 18.73 | 1.03 | 2,858 | 2,858 | 2,858 | 45.48
C-3.._.._. End cut common | 12.91 | 17.17 | 15.04 | 8.80 | 1,714 ] 1,714 | 1,714 | 28.76
C4 .. End cut common | 18.60 | 16.61 | 17.60 | .67 | 3,930 | 3,930 | 3,930 | 63.45
C-5_...__ | End cut common | 69.49 | 69.49 | 69.49 | 1.33 | 1,998 {1,998 | 1,998 |_____.
C6_____. End cut common | 12,49 | 12.49 | 12.49 | .60 | 3,429 | 3,429 | 3,429 | 89.82
C-G. P___| End cut common | 17.78 | 17.61 [ 17.70 | .54 13,896 | 4,080 | 3,988 | 62.89

The brick marked C. G. P. represented the general pavers.
They did not, however, represent the general stock of the
company since they were in part of 1895 manufacture, and at
the time they were selected the yard was entirely stripped.
It is interesting to note that the bastard fire clay, C-3, pro-
duced a brick of high absorption and low transverse strength,
though of considerable toughness. The best brick are made
from the lower clay, C-6, and at this plant, as at the others,
the more recent brick are much better than those first turned
out. It is also interesting to note in connection with the
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analyses, the variationsin colorand other physical properties.
These are summarized by Mr. Boynton as follows: |

C-1. All of good form; medium dark buff color with pur-
plish tinge. All show slight kiln marks. No ring.

C-2. Al good forms, good corners; light reddish buff
color; appear glassy; brittle; sharp clear ring.

C-3. Good form; very light pale yellow with pinkish tinge;
blotches of lemon yellow on ends; dull spongy appearances
and no ring; looks like fire brick. '

C-4. Good form; light buff color with purplish tinge; good
ring.

C-5. Good form; buff color with reddish tinges; poor ring;
glassy, brittle appearances.

C-6. Good form, but slightly kiln marked; medium dark
buft with purplish tinge; good ring.

The effect of the lime and magnesia in holding down the
color is excellently illustrated by the brick. The clays carry
from 5.52 to 9 per cent of iron (Fe, O,) enough to give a good
red color under ordinary conditions, and yet they are predom- .
inantly buff. Variation in color seems to be due in but slight
part to the burning, since it is nearly proportional to the change
in composition. This is suggested by the following compari-
son between the color and the ratio existing between the total

iron and the sum of the lime and magnesia.
RATIO.

C-1. Baff, pinkish tinge .. ________ 1:.308
C-2. Lightreddish buff - ... 1: 413
C-3. Pale yellow, with pinkish tinge_________________ 1:.157
C-4 Buff, pinkish tinge - ... 1:.280

~ (C-5. Buff, reddish tinge - - o oceemei e 1:.516
C-6. Dark buff, purplish tinge. -.oo.ocococoooo.o 1:574

BUILDING BRICK.

As has already been suggested the loess and the alluvitm
are the materials chiefly used for manufacturing building
brick. The clays and shales of the coal measures have not
been much used except at the paving brick works. Where

the shales are used for building brick they are usually mixed
with loess.



394 GEOLOGY OF POLK COUNTY.

For building brick, clays of great variety in composition
and texture may be used. The sandy alluvium and the
dense shales each have their use. The qualities to be
desired in building brick are (1) low cost, (2) good shape, (3)
suitable color, and (4) moderate strength. For ‘‘common”’
brick, a fair strength being secured, the matter of cost becomes
most important. For this reason hand-made alluvial brick
and rejects from other grades make up the bulk of the mate-

rial supplying the trade. ‘‘Stock’ brick require more care
as to shape, and a careful sorting so as to secure uniformity
in color. ‘‘Roman brick’” require very careful manipulation

- in order that the desired shape and color may be perfectly
maintained. Enameled brick are made by treating the better
class of stock brick.

In those grades where smooth surfaces and sharp edges
are required the results may be obtained by using either the
repress or the dry-press. If a change in color be desired it
can often be brought about by a change in treatment. The
red color of most brick is due to the presence of 3 to 5 per
cent of iron and the absence of lime and magnesia. In the
presence of the latter double silicates of lime and iron are
formed and a cream or buff brick results. According to
Wheeler the red color will sadden if 5 per cent of lime and
magnesia be present, at 10 per cent the brick has a yellowish
cast and at 15 per ceut it becomes a deep topale cream. The
temperature of burning.also influences the color. A brick
which is a dull salmon color when burned at red heat (1,000°

to 1,200° F.) becomes a deep salmon at slightly higher tem-
" peratures (1,300° to 1,400° F.), a light red at brlght red heat
(1,500° to 1,600° F.) and deep red at still higher heat (1,800°
t0 1,900° F.). At bright cherry heat (2,000° to 2,200° F.) it

becomes a very dark red and at slightly higher heat (2,300°
F.) it usually fuses and turns black. '

If the brick be very slowly heated in | the water- smokmg
stage the color is deeper and richer from the more thorough
oxidation of the iron. When very dark brick are desired
they may be secured by burning with a smoky flame.
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By proper manipulation a wide range of color may be
obtained, as is indicated by the results of the tests at the
Capital City plant. A still wider range would have been
obtained if the conditions of burning had been purposely
varied. So far only common and stock brick have been regu-
larly placed on the market from Des Moines. At present the
main output is red brick, with a few buffs. Smooth faced
brick are generally preferred, but recently there has been a
growing demand for rock faced. The paving brick works
supply an important portion of the building trade as the brick
which are not good enough for use as pavers are excellent
for building purposes.” A considerable portion of these are
sold for rock-face work. ‘ '

Newman Brothers. This firm formerly operated a small
plant in East Des Moines for the manufacture of building
brick; recently, however they have opened more extensive
works on the Wabash railway near Hastie. The locality has
already been noted in connection with the mines of the Towa
Fuel Co. The clay consists of coal measure shale and is
crushed by means of a Bonnot dry-pan, made-at Dayton,
Ohio. - From the dry-pan it goes into a pug-mill of the same
make. . After being mixed and tempered it is moulded as a
stiff mud upon Bonnot end-cut machines. The green brick are
dried by live steam in twenty-four to thirty-six hours in an
eight track dry-house of 40,000 capacity. The clay drys with .
no checking. In burning, two cased kilns of 150,000 capacity
each, and one round down-draft of 60,000 capacity are used.
The brick are water-smoked in two or three, and usually burn
in seven or eight, days; occasionally they require nine or ten
days burning. So far few pavers have been made, the trade
being mainly in building brick. The two styles of brick are
made from the same clay, but the pavers are burned harder.

- Merrill Brick Works.—This plant is located on the Keokuk
& Western railway, some distance south -of the Capital City
plant. The material is taken from the foot of the Raccoon
river bluffs and consists of coal measures capped by loess.
The following section is shown in the pit:
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7. S0il AN 10€8Sauacccamccmcmmccmc e e naccc e e mem 3
6. Slate, bituminous Soeeaece i cm oo ceaas 3
5. Shale, blue to gray and buff.___._ e e 4
4. Shale, red to brown, more cr less variegated, contain-

ing ironstone coneretions . ..ceeavovoveo oo o ocaaa- 20
3. Shale, blue 0 gray-cac oo oo 6
2. COAl cmmemnicmninn e e m 11
1. Shale, lght gray oot T

All of the material in the pit except the coal and bitumi-
nous shale is used in the brick. Numbers 1 and 3 are of par-
ticularly good quality. In treatment the clay passes through
a Des Moines Supply Co. dry-pan, a Wallace pug-mill and a
Great Wonder brick machine. From the machine the brick
go to a tunnel dryer heated by exhaust steam in the day time
and live steam at night. Three Pike kilns and one open kiln
are used in burning, the process requiring ten days, including
four days of water-smoking. At present building brick only
are made, though it is the intention of the company to
arrange for the manufacture of pavers, repress and finish
brick. The material now turned out is strong, dense and of
good color.

Dale-Goodwin Pressed Brick (o.—The works of this eom-A
pany are located upon the Winterset branch of the Chicago,
Rock Island & Pacific railway, southeast of Des Moines (Tp. 78
N., R. XXIV W., Sec. 24). The material usedis the loess. A
descriptive section has already been given. The surface
material isIplowed and allowed to become almost dry before
it is carted to one of the large sheds under which it is stored.
~ From the sheds the clay is passed through a Ross pulverizer,
and after being screened it goesinto the bags of the machine.
The latter is a Ross-Keller No. 2, six-mould, with a pressure
of 30,000 pounds per squarve inch. The green brick are
wheeled directly to the kiln, four up-drafts of Repell pattern
of 240,000 capacity-each. The brick burn in seven days with
coal, after eight days water-smoking with wood. A good
cherry red color is obtained and the brick meet with ready
sale. This is the only plant in the city using the dry-press
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process, and the success attained is quite encouraging in view
of the large amount of loess available. The plant was erected
in 1893, and has not been operated so continuously as would
have been possible under normal business conditions. As a
result the product is not so uniform in quality as has been
obtained from the loess at some other points, but it has been
abundantly proven that brick of the best' quality can be made.
- Local Brickyards.—There are a large number of small
plants scattered throughout the city which make brick in the
main by the hand process. They are not always permanent,
but many have been operated for several years. Most of
them are noted below.

The Minear Brothers brickyard, southeast corner of
Twenty-first and Maury streets, was started in-1889 and has
since continued in operation. Slap brick are made from clay
taken from a seven-foot bank. Soily material at the top to a
depth of one foot is removed and the underlying alluvium is
utilized. At a depth of twelve feet quicksand and water are
reached; this is near the water level of the Des Moines, which
flows less than a half mile away. ’ |

Louis Shackelford has a brickyard at the northwest corner
of Fair avenue and West street. A Chief machine operated
by horse-power was put in in 1893. Prior to this time slap
brick were made. The moulded product is dried in open air
and burned in either clamp or cased kilns. The raw material
is taken to a depth of three and one-half feet from the-flood-
plain of the Des Moines. In the upper part it contains con-
siderable vegetable material. Below it is brown in color and
more clay-like. The clay grades into quicksand and gravel.
The brick from here have been used in various buildings,
including the National Starch Works, the Windsor Packmg
House and the Painter block.

Lincoln Shackelford operates a small brickyard just east of
Victoria street, between West streetand the Wabash railroad.
Two pug-mills with one gang of men are employed, the prod-
uct being common slap brick made from alluvial material
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taken to a depth of nearly three feet. The brick are burned
in down-draft kiln, with a capacity for 65,000 brick. The
product is of very good grade, and has been used in the con-
struction of some of the principal business houses in Des
Moines, including the Turner block.

T. J. Fredregill is the owner and operator of a buekya,rd
just to the northwest of the Lincoln Shackelford plant. The
force consists of but one squad of men. Alluvium from the
Des Moines valley is used to a depth of three feet. The
brick are dried on the yard and burned in cased kilns with
wood as fuel. They have a good red color and are quite firm
for a hand-made article.

J. M. -Fredregill makes slap brick on a yard north of the-
Wabash track and east of the York addition. Work has been
carried on at the point several seasons. The clay is similarto
that used at the other points in this vicinity, but here it is
taken to a depth of from three to four feet, utilizing the
surface loam. Under the clay gravel is struck.

J. Bailey now operates the once abandoned Cook Brothers
brickyard, located east of Twentieth street on the north side
of the Chicago, Rock Island & Pacific railroad. Here again
hand made brick is the product, the material being the allu-
vial clay which is, including the soil portion, about four feet
thick, and below which is gravel of the Wisconsin gravel
train. The yard is supplied with two stationary kilns with a
total capacity of 250,000 brick. The product is used princi-
pally for interior walls and sidewalks.

The J. D. Hill brickyard is just east of Twentieth and north
- of Maury streets. This plant is quite extensive. The brick
are made from alluvial soil and subsoil taken to a depth of
seven feet. The Old Reliable soft-mud horse power machine
is used and about 22,000 brick is the daily capacity. Two
clamp kilns holding 275,000 brick are used in burning.

Louis Youngerman is the owner of a brickyard which lies
just north of the western end of Dean Lane. A triple force
of men are employed. Ordinary silty clay of the Des Moines
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““bottoms’’ is mined four feet deep. This affords a very fair
common brick. Two clamp kilns are used in burnmg These
have a capacity of 125,000 each.

N. Haskins has been making brick in Sevastopol for about
‘ten years. The brick are now made on two Old Reliable soft-
mud machines, each having a capacity of 7,500 daily. Five
clamp kilns and one Haskin patent are used in burning. The
raw material is loess from the hillside by the yard. The upper
six feet of the deposit is yellowish to brown, slightly ocher-
ous, and at the bottom it grades into a grayish sandy variety.
The burned product has a good rather bright red color and
is quite substantial in quality. '

South of the street from the N. Haskins yard and just
north of the Van Ginkel coal mine is situated the brickyard
operated by G. Van Ginkel. Loess is taken from a bank two
to eight feet deep near the plant and moulded by two Tiffin
Old Reliable and one Chief soft-mud machine. The clay is
of good quality and suitable for the manufacture of even a -
- much higher grade of brick, although those manufactured are
of very good quality for a common brick. .

Tippey & Decker operate a hand yard two miles beyond
the eastern limits of Des Moines, about half a mile from the
Wabash tracks. This brickyard was started in 1893 and has
since been running on a small scale. Alluvial material is
utilized.

The Frank Collins brickyard is situated a short distance
north of the Des Moines river to the east of Sixth avenue.
Work was commenced in the spring of 1893, using the soil and
under clay of the flood plain. The product is hand made and
the annual output is small. '

In the northwestern part of Des Moines, north of Franklin
avenue and west of Twenty-third street, G. L. Winburn ope-
rates the brickyard formerly owned by E. S. Close. Upland
soil is*used to a depth of two feet; below this the moulded
material is too liable to crack when becoming dry, as there
‘are no sheds to protect the slap brick. The brick have good
color and do very well for basement and interior walls.
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L. J. Williams has beer making slap brick about one-fourth
of a mile north of St. Joe street and west of Twentieth street
for several seasons. The material used is upland soil. Itis
taken to a depth of eighteen inches. The clay is prepared
in ordinary pug-mills and the moulded articles dried on the
yard.

On Twentieth street and Hickman avenue is a brickyard
now owned and operated by Kuntz & Hall. It has been ope-
rated for more than fifteen years. The surface eighteen
inches are stripped off and the under sixteen feet are utilized
by being put through an Ideal machine of the Decatur Leader
Manufacturing Co., which machine was put in at the begin-
ning of the season of 1893. This plant is well arranged so far as
methods and location with respect to the raw material and kilns
are concerned. It is the only one in Des Moines making brick
of loess alone on a stiff-mud machine, and the product is of

~good strength and appearance. Three stationary kilns are
employed. _ ' '
SEWER PIPE AND POTTERY.

Aside from brick the clays found near the city have, as
yet, been but little used. There is, however, one extensive
sewer pipe plant and a few small potteries.
 Jowa Pipe and Tile Co.—This is the largest factory in the
state devoting attention to the manufacture of sewer pipe
and other articles which are made by the same processes. 1t
is situated on the east bank of the Des Moines river about
half a mile north of Locust street. The plant has been in
operation for some years and has just been rebuilt, having
" been burned within the year. The buildingsinclude the main
structure, 167 by 90 feet, three stories high; a wing, 90 by 37
feet, two stories high, and a small office building. The clay
is brought from the bank to a Vaughn dry-pan from which it
passes into a screen; from the screen the mass is conveyed to
a bin, from which it is transported into two Frost wet-pans,
from which it is taken to press feeders, and then into the two
Vaughn presses for sewer pipe, or into the Brewer press for
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drain tile. The raw material is as conveniently located as
could be desired, the plant being situated immediately between
the pit and the river. The section has already been given.

Of the sandy material at the top only a part can be used,
as it stands only moderately high heat.. For sewer pipe the
best grades are selected and various combinations are taken
for the other products. The ten feet of shale at the base of
the section is of very fine quality. It is the extension of the
layer which is mined just across the river and used at the
Updike and at the Weeks potteries. A few impurities are
shown in the burnt ware and if these were removed by wash-
ing the material could probably be used for white glazed and
unglazed ware, for glass pots, crucibles and many other
products. _ '

The factory is well equipped and well managed. The sewer
pipe made are of excellent quality, and fully attest the fact that
the local clays are able to not only supply local demands but
to make their way into the general market.

Eagle Pottery Works.—This is an old established pottery,
located on Elm and South Second streets. - Common coarse
stoneware, glazed and unglazed, has been manufactured for a
number of years, though the plant is not at present in opera-
tion. The clay is from the coal measures. It is mined from
the J. Fox slope, opposite the plant of the ITowa Pipe & Tile
Co. The best part of the vein is seven feet in thickness. It
- is quite hard when first mined, and for this reason the mate-
rial is allowed to weather for a year or more. It becomes
* thoroughly broken up and disintegrated and is more readily
“worked. After a thorough grinding in a wet-pan or chaser of -
the Webster, Camp & Lane manufacture, it is prepared by
hand for the wheel. The wet ware is placed in steam-heated
apartments and dried. It is then put in a rectangular down-
draft kiln and burned. It stands much firing and readily
takes a very fine glaze, for which purpose Albany slip is used.
The style of ware is varied, and all sizes of jars, from the
quart to the twenty gallon are made. There are minute
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impurities in the clay and the unglazed products disclose
their presence. Washing would no doubt remove them, but
the glaze conceals the impurities and makes the extra expense
unnecessary.

Weeks Pottery Works.—This plant was started a few years
ago on South Sixth street near Raccoon street. Itis quitean
extensive factory, with brick buildings, two rectangular down-
draft kilns, a wet-pan or clay chaser, with dry-rooms, wheels
and othernecessary appliances. Thefactory was started with
the intention of making pottery especially, but early in 1893
this plan was abandoned, and chimney tops were manufac-
tured. The expense of purchasing the raw material made the
factory only an indifferent success, and it is not now operated.
The clay itself is of good character. It is the same as used
at the Hagle works, and is taken from above the milldam,
where it is mined by means of a slope. The material is a fine
arenaceous clay. It stands much firing, does not *‘cripple,”’
and readily takes a bright glaze.

BRICKYARDS OUTSIDE OF DES MOINES.

Altoona.—The E. E. Haines brickyard and tile factory is
situated on the north side of the Chicago, Rock Island &
Pacific tracks, a short distance west of the station at Altoona.
The surface deposit is a sloughy clay, which has accumulated
in one of the saucer depressions of the Wisconsin drift. It
is three feet thick, and below it there is a yellow bowlder clay
bearing numerous lime concretions. The slough clay was at
one time mixed with coal measure shale in the ratio ofsone
totwo.. This latter material was mined from the Haines coal
shaft near by, at a depth of 215 feet.

The so-called fire clay underlying the vein was taken out
by the miners from the entries andruns. Since the coal seam
was undulatory and not very thick, the removal of the under
clay was necessary to get work room. This fire clay is a
grayish to blue shale, white when first mined and very plastic.
It contains numerous pyrite concretions, which, in the long
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exposed heap of clay used in the factory, have been changed
into the hydrous oxide. The raw material is run through a
Penfield corrugatedroller crusher and disintegrator, then into
a No. 7 Penfield plunger. The wet product is placed in
sheds and allowed to dry. After drying the brick are burned
in two round down-draft kilns. The burning consumes from
three to three and one-half days; water-smoking about a third
of thetime. The brick and tile, thelatter three to eight inches
in diameter, are quite strong, and, except for occasional dark
spots due to the presence of pyrites, the general. appearance
and color is excellent. ‘

Polk City.—The C. Billington br 1ckyard is in the southwest
corner of section 35, Madison township, nearly two miles
northwest of Polk City. Work was inaugurated at this point
about fifteen years é,go. The yard is on the upland, and the
material used is from one to ten feet thick, being entirely
superficial. Tt is a bleached drift clay, and lower down has
the jointed character typical for the bowlder clays. While
drying the brick are placed on racksin roofed sheds; they are
burned in temporary kilus in about eleven days. For a hand-
made article the product is quite good. Its use is almost
entirely local.

Potk City Tile Works.—This factory, operated by Harmon

& Hug, is near the station, but the raw material, which is used
principally for drain tile from three to twelve inches in diam-
- eter, is hauled from near the Des Moines river, a little more
than a mile southwestward. This clay is of coal measure age
and the greater portion of it is of very good quality. It is
mixed with drift clay taken from nearthe plant. The bottom
bed shown in the pit from which the coal measure clay is taken,
is a more or less variegated shale. The lower third is a dark
gray variety with some iron stainings, and containing certain
lenses of nearly pure red hematite, which are removed by the
disintegrator. The upper portion is brick red in color and
is of excellent quality. Above this is a clean gray shale
which is separated from the purple shale just below the drift
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by a thin limestone ledge. The upper shale is three feet
thick; the color is gray to red and purple. The bowlder clay
is of little value since it either bears many concretions of hme
or is too arenaceous for use.

The different beds of the section are mixed together
After being run through the Brewer crusher and disinte-
grator the mixture is put through a Continental brick and tile
machine, Tiffany patent. This machine has been in service
since the erection of the plant in 1882. The product is dried
on pallets in closed sheds into which are run exhaust steam
pipes. Two common down-draft kilns are used in burning,
and four days are required for the process, the water being
driven off in a single day. Building brick of a good cherry
red color have been produced from the material used in mak-
ing tile, and some fire brick for use in the kilns have been
manufactured of the white shale clay which is just below
the base of the section described. A clay upon which rests
the coal vein at the Polk City mine near the tile plant has
also been used for fire brick. Both afford a very fair grade of
brick. ' '

Campbell.—Thomas & Son have a small drain tile and brick
factory just north of Campbell station. The product is largely
drain tile in sizes from 3’s to 6’s. A few brick are also made
some seasons. 'The machinery is a horse power plunger, the
Hocker, and the product is dried in closed sheds to prevent
its cracking. The material for the tile is taken from a
_ twelve foot bank of yellow bowlder clay at the foot of the
slope northwest across the branch. At the northwest corner
of the cut a fine quality of argillaceous coal measure shale
is exposed and by digging, a' heavy deposit of this shale,
which will do well for brick, tile and other products, could
probably be found. Thus far scarcely anything but the
bowlder clay has been utilized. The process of putting salt
in the burning kiln, is practiced at this yard. It is claimed
that by the introduction of five or six gallons of salt in each of
the round down-draft kilns a harder and redder tile is secured.
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~ Bondurant Tile Works.—This plant is owned and operated
by Mr. A. M. Austin and is located near the Chicago Great
Western, just west of town. It was opened in 1893, but was
not operated during the past season. The clay used is a
slough clay and is mined to a depth of five feet. It is moulded

on a Penfield machine, dried under a shed and burned in a
down-draft kiln. . '
‘ , Soils.

Among its sources of wealth Polk county has none of
greater importance than its soil. The annual value of the
farming products of the county amounts to more than the value
of all the other products combined. The county is essentially
a farming county. The mining interests, as compared with
the agricultural interests, are small.

The soils of the county are drift soils. Throughout the
northern portion, the area mapped as Wisconsin drift, the till
itself comes to the surface, being only occasionally covered to
any considerable thickness by pebbleless material. The drift
soil is black, and is usually not so open as the loess or-allu-
vium. It suffers from the disadvantage of imperfect drain-
age, and considerable areas are slough-covered, though the
percentage of slough land is not so great as further back on
the Wisconsin. The area covered by modified drift, in part
imperfectly drained, is usually more available. The material
has been better sorted, is more sandy, and, except where the

surface is too gravelly, affords an excellent soil. The alluvium
- covers a not inconsiderable portion of the county and is of
well known value. - The bottom lands of the rivers are partic-
ularly well adapted to the culture of corn. They are rarely
overflowed. Owing to the fact that in many cases the allu-
vium forms merely a top dressing over the gravel trains or
other drift with which the old valleys were partially filled,
the bottoms usually have free underground drainage.

Over the southern portion of ‘the county the surface mate-
rial is the loess. This rests upon the Kansan drift, the upper

surface of which is usually gravelly. The combination
32 G, Rep. .
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affords a most excellent soil. The loess being fine and hom-
ogeneous is easily worked and has an important mechanical
effect upon the water content. The material is so porous
that the water instead of running over runs down into it.
The even regular texture makes the distribution of the sur-
face tension exceptionally even. As a result, any given area
of loess becomes a vast reservoir, which, upovﬁ;being tapped
by plants, gives up its moisture in regular quantity. Thisisa
distinct advantage, particularly in raising fruit, and the region
south of Des Moines should become a great fruit region.
The farm of Berryhill & Shaul is located on a loess area, and

the excellent results there obtained show what may readily be
done with this soil.

Gravels and Road Materials.

While the drift as a whole contains a vast amount of broken
rock, definite gravel beds are not always easy to locate. As
has already been suggested the deposition of gravels by the
streams flowing out from an ice sheet is a function of the gen-
eral attitude of the land. The gravels are only possible when
there is free drainage so that the water may have sufficient
velocity to carry the material long enough to sort it. These
conditions obtained at the time of the Wisconsin ice invasion,
and as a result we have the gravel trains leading out from
the drift border. They are well defined along Camp creek,
Four Mile and the Des Moines river.

In the valley of Four Mile, at Berwick, the Chicago Great
© Western railway takes gravel from a terrace rising twenty
feet above the stream. The stripping, which is removed by
serapers, consists of two to two and a half feet of brown loam
running up into black drift. Below this is twelve to fifteen
feet of gravel resting on a blue to green apparently pebbleless
clay. The gravel is new, fresh and hard. It is cross-bedded
and interlaminated with some sand. It has a fair percentage
of cobbles, but very few large stones. It shows very little
ferrugination, no noticeable coloration or cementation, and
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weathered rocks are relatively rare. It is known to extend
along the stream for some distance, the terrace being easily
followed. The gravel is mined by a steam shovel and used
for ballast along the railway.

At Avon the Chicago, Rock Island & Pacific railway ha,s
gravel pits which have been worked for eighteen years. They
are located upon the flood plain of the Des Moines near the
station. The stripping consists of six to eight feet of allu-
vium, below which is twelve to fifteen feet of gravel, cross-
bedded, sand streaked, and resting on fine sands. The extent
of the gravel is not known, but the presence of driven wells
throughout the region indicates a rather large area. It does
not extend up North river, but seems to belong to the body
shown in the numerous abandoned gravel plts in Kast Des
Moines.

At Polk City the Chicago & North- Western railway has
gravel pits in the valley of Big creek. The stripping consists
of one and one-half to three feet of black loam, below which
the gravel is about eighteen feet in thickness. Tt is fresh,
hard and sandy, as at Avon. It forms a well marked terrace,
appearing on both sides of the valley, Polk City being built
~ upon one of the benches. The terrace may be traced down
the stream to its mouth. It appears at intervals along the
Des Moines valley, and is well shown near Saylorville and
Highland Park, where it has recently been opened up. Gravel
may be obtained from it at & number of points. ‘

The Polk City gravel is of quite recent age, since it forms
a part of a terrace made in that portion of the Des Moines
river valley which is itself post-Wisconsin. Reasons have
already been given for thinking that the excavation of the
upper portion of the Des Moines valley was relatively rapid,
and the facts in this case fit in with that assumption. The
gravels mark stages in the retreat of the ice, but so far they
have not in all cases been connected with definite moranic
accumulations. In the valley of Camp creek the gravel train

may be followed up the valley to the point where the Wiscon-
sin drift appears, but not beyond.
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While the gravel occurs in the terraces, and farther from
the drift border under the alluvium, it should not be forgotten
in locating gravel pits that there are terraces in the region
which have had other origin, and which do not contain gravel.
- Neither is all the gravel in the terraces. The kames afford a
supply, and there are in addition scattered patches and
aggregates of irregular form, such as occur between Polk City
and Crocker. Throughoutthenorthern portion of the county
these gravel patches are common. They may be looked for
anywhere within the Wisconsin area as mapped.

The importance of the gravel patchs, kames and terraces

arises from the excellent material which they afford for rail-
~ way and road ballast. The gravel found at Highland Park
has recently been used for making concrete, and the railways
have for many years hauled gravel from Avon and Polk City.
It is, however, in connection with the common roads that the
“gravel beds are destined to have their highest value. The
material occurring here is mainly of hard, undecomposed peb-
~ bles. In general itis moderately coarse and much freer from
sand than at many gravelpits. It hasrarely been cemented at
~all so that it can be easily worked. All thatisnecessary isto
shovel up the material and haul it to the roadway. In most .
cases the haul would be short, since the grave patches are
quite widely scattered throughout the northern portion of the
county. :

Mine slack has been to some extent used for road improve-
ment near Des Moines. It is good material, and can often be
. used to advantage. It, with river gravels, must be the main
reliance of the southern portion of the county. The shall
total quantity of slack and its limited distribution as com-
‘pared with the gravel, makes it of less gener al value than the
gravel.

Some of the slough clays resemble in character the impure
black clays which, in Wisconsin and Missouri, are burned for
railway ballast and road metal. They have not yet been tested,
but some, at least, would probably be suitable, Burned clay
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may be very simply produced by hand process, at a cost of
~ about 50 cents a cubic yard. A machine plant will produce it
at from one-half to two-thirds of this price. Itisan excellent
material, and well adapted to road use. |

Building Stones.

- The coal measures as developed in the county do not afford
any considerable quantity of good building stone. The sand-
stones already mentioned have been quarried a little, but are
of indifferent value in comparison with the clay goods made
from the same formation. At the foot of Capitol Hill are the
most extensive quarries. These afford asandstone which has
been used for foundations, walls, and to some extent for build-
ings. It is stated that Fort Des Moines was built from rock
quarried at this point. The material is limited asto quantity,
and has little to recommend it as regards either looks or
quality.
W ater Supplies.

Tn common with other drift covered regions Polk county is
well supplied with water. Shallow wells are abundant and
easily obtained. The gravel beds and more open portions of
the drift afford valuable water horizons. Below the drift
water can conimonly be found in the coal measures, but it is
in such cases so impregn_a,ted with minerals in solution as to
‘be unpalatable. In the underlying limestones of the Missis-
sippian water has been obtained at several points. The qual-
ity is usually excellent. The most complete record of the
lower water horizons available is that obtained from the
Greenwood park well.

The well obtains its water supply from the Samt Peter
sandstone at a depth of 2,025 feet, the elevation being 872
feet and the water head 827 feet A. T. Water was first struck
in the Mississippian beds between 498 and 668 feet below the
surface. This water rose to 842 A. T. and was heavily charged

with sulphurated hydrogen (hydrogen sulphide). Apparently
~ minor flows were encountered at 1, 011 to 1,208 feet and in the
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Niagara at 1,425 water rose to the surface and overflowed: in

~a quarter inch stream. The flow now used is from the Saint
- Peter. It was tested by pumping fifty-two gallons per minute
for eighteen hours, in which time the water was lowered 125
feet, but rose again when pumping ceased. At 2,208 feet in
the New Richmond a stream with lower head was struck and
the water fell from 866 to 822 A. T. At 2,331 it fell to 812,
indicating a vein in the lower Oneota. No other fluctuations
were observed and on the completion of the well the water rose
to its present level. . |

At the court house there is an artesian well of small flow.
It is 580 feet deep and probably derives its water from the
Mississippian or from the beds immediately above that for-
mation. _

Near Saylorville (Tp. 79 N., R. XXIV W., Sec. 12, Se. Qr.,
Ne. 1) a boring was put down to a depth of 1,800 feet, but no
reliable data regarding it are available. In the vicinity (Sec.
3, Ne. qr., Se. 1) is a flowing well less than 400 feet deep and
probably deriving its water from the Mississippian or the basal
coal measures. Its discharge is given as above 5,000 gallons
per hour. o

Natural Gas and Oil.

From time to time finds of gas and oil have been reported
from the northern portion of the county. In the year 1895
such a discovery was reported from the farm of Mr. Henry
Davis located about seven miles northeast of Des Moines.
. Some years since a similar discovery was made near Saylor-
ville and an exploring company did some deep boring in search
of laxger supplies. So far as can now be determlned their
search was wholly unrewarded.

In considering these reported occurrences it should be
remembered that the region is within the area covered by the
Wisconsin drift and that below the latter a forest bed is quite
generally present. The decomposition of the buried vegetal
matter at this horizon is an ample source for all the gas
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or oil yet found. In no case, so far as reported, has gas
been found in the rock. In every instance it occurs at slight
depth in the drift. The assumption that it came up to its
present position and had its origin in the rocks below is wholly
unsupported by facts andentirely gratuitous. So for as pres-
ent knowledge extends there are no reasons for expecting
large supplies of either gas or oil within the county, though
‘it is not impossible that some gas may be found. The gas
wells of the drift have at several points in this and other
states proven sufficiently productive to. be of value for
- domestic purposes, but not for any thing more. In Kansas
the lower portion of the Des Moines formation, known as the
Cherokee shales, has produced both gasand oil. . In that state
the distribution of these materials is quite irregular, but is
limited to those portions of the field where the shales are
‘under cover. Since they crop out at the surface in Polk

county they have probably long since lost any gas which they
may have once contained.
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