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CHAPTER IV

INTRODUCTION.

NOTES ON THE GEOLOGICAL SECTION OF 1IOWA.*

By SAMUEL CALVIN.

The columnar section is not drawn to scale. The approximate
average thickness is indicated in the appropriate column.

The Stoux quartzite occupies only a few acres in the northwest
corner of the state, and in this locality it is Cretaceous sediments
which are found, in place, abutting against it. That it is pre-
Cambrian in age admits of no doubt, and that it is the equivalent
of the Barahoo quartzite of Wisconsin is equally certain. The 25
feet exposed in Iowa is only a small part of the thickness of this
formation.

The Cambrian sandstones are exposed by the erosion of the
river valleys in the northeastern part of the state. The basal
contact with the older pre-Cambrian quartzites is not seen in
Towa; a thickness of fully 700 feet of this formation lies below
the level of the Mississippi River at Lansing and New Albin.
These sandstones have been referred to the Upper Cambrian, or
Potsdam series, in the geological reports of Towa and Wisconsin,
and they have been very generally spoken of, collectively, as The
Potsdam sandstone in discussions on the geology of the upper
Mississippi valley. The special formation name, St. Croix, and
the names applied to the smaller divisions, have been adopted
from the reports on the geology of Minnesota.

*Re-printed with some emendations, from The Journal of Geology, October-November,
1906, Chicago, Illinois.

13 (193)



194 INTRODUCTION.

The Pravie du Chien limestone —Following the Potsdam
sandstone of the Cambrian System is a succession of beds,
chiefly dolomites, which was originally recognized by Owen un-
der the name of The Lower Magnesian limestone. Owen’s name
for this assemblage of strata was current among western geol-
ogists for many vears after the publication of his reports, and in
some recent publications the old name has been retained. It
has been shown that the Lower Magnesian limestone consists
of three geological units in its exposures near the Mississippi
river, a sandstone member, T'he New Richmond sandstone, lying
between masses of dolomite. The lower dolomite has been
called Oneota Limestone hy MeGee, while the upper member was
described as the Shakopee limestone by the geologists of Minne-
sota. In the Lancaster folio, recently published by the United
States Geological Survey, Owen’s Lowei Magnesian has been
given a geographic name, and is henceforth fo be known as
The Prairie du Chien limestone. In the earlier reports on the
Llowa Geological Surveyv McGee’s name, Oneota limestone, was
extended so as to make it the full equivalent of Owen’s Lower
Magnestan. Restricting the use of the term Oneota to the geo-
logical unit to which it was originally applied, and substituting
Prairie du Chien for the original non-geographic term applied
by Owen, the reason for the arrangement adopted in the colum-
nar section will be apparent.

The St. Peter sandstone needs little comment further than to
say that McGee, in his Pleistocene History of Northeastern Iowa,
extended the application of the term downward so as to make it
include the Shakopee and New Richmond of what is now termed
The Prairie du Chien stage. It was assumed that the two sand-
stones are related, and the intervening Shakopee limestone is
only an incident. Apart from the fact that they are made of
quartz grains, the two sandstones have nothing in common. The
New Richmond lies in thin beds; the surface of the beds is often
ripple-marked; the individual grains, in the most perfect way
imaginable, show secondary enlargement; some parts of the
formation have been converted into a fair quality of quartzite.
None of these things characterize the St. Peter.

The Platteville and Galena limestones—The confusion which
has arisen in connection with the use of the terms ““Trenton’’ and
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““(Galena’’ as applied to certain Ordovician limestone: of the
mid-western states, and the probable causes of such cunfusion,
are discussed in the ‘“Geology of Dubuque County,’’ in Volume
X of the lowa Geological Reports. The assemblage of strata
covered by the two names conjoined is divided by a persistent
band of shale and shaly limestone carrying Orthis subaequata
and O. tricenaria of Conrad as characteristic fossils. This band
has been called the ‘‘Green Shales’’ in some Minnesota and Jowa
reports. All the beds above the ‘“‘Green Shales’’ are dolomitic
at Dubuque, and, so far as concerns this locality, they have been
consistently known as the Galena limestone ever since the pub-
lication of the report on the Geology of Iowa by James Hall in
1858. In localities where these beds are unaltered limestones,
they have usunally been spoken of as Trenton. ILithology, and not
stratigraphy, was the basis of the classification. 1t is now pro-
posed to use the term ‘“‘Galena’’ for all the strata above the
““Green Shales,”” whether they are dolomitic, as at Dubuque, or
are non-dolomitic, as along the river at and above Decorah.
Bain’s name, ‘‘Platteville,”’ is acceptable for the beds below the
top of the ‘‘Green Shales.”’

The Maquoketa shales were so named by White in his report
on the Geology of Iowa, published in 1870. The beds are, in
part only, the equivalent of the Cincinnati shales of Meek and
Worthen, of the Richmond shales of some recent authors, of
the Hudson River shales of the New York geologists.

The Niagara limestone.—Lithologically, the Niagara series of
Jowa is wholly unlike that of New York. There are no sand-
stones, no shales, practically no unaltered limestones. In the
mid-west the Silurian is represented by a great body of dolomite
in which there is more or less commingling of the Clinton and
Niagara faunas of the region farther east. In some cases a
number of life zones may be recognized. Syringopora tenella
characterizes one of these; Pentamerus oblongus, another; an-
other has Caryocrinus, Eucalyptocrinus, and related forms as
diagnostic types; and others, like that carrying Dinobolus con-
radi, are marked by still different species. But these zones are
not well set off one from the other, and in many localities there
is more or less of intermingling of forms from adjacent zones.
The lower part of the Niagara limestone, including the zones
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between the base of the formation and the top of the Pentam-
erus-bearing beds, is quite distinet from the upper portion which
includes what have been called the Le Claire and the Anamosa
limestones. In the earlier volumes of the current series of Jowa
Reports the lower phase was designated the Delaware stage,
and the upper has been called by Norton the Gower stage. The
term ‘‘Delaware,”” however, as the name of a geological unit,
was used by Orton for a phase of the Ohio Devonian as early as
1878, and it is proposed™ to use ‘‘Hopkinton’’ in place of the pre-
occupled term ‘‘Delaware’” for the lower phase of the western
Niagara. All the characteristics of this stage are well dis-
played in the quarries and ravines within a radius of two or
three miles around Hopkinton in Delaware county, Towa.

The Devonian system.—The Devonian is represented in Towa
hy an assemblage of sediments carrying characteristic Devonian
faunas. It is not possible, however, definitely to correlate any
part of the western Devonian with any part of the sediments
referred to the same system in New York. There is certainly
nothing west of the Mississippi which can be said to represent
the Helderberg or Oriskany of the Kast, and the New York
(Ctorniferous, or Onondaga, is but doubtfully indicated by a few
species. The faunal relations of our Devonian, so far as it is
possible to recognize =uch relations, are with the divisions gen-
erally known as Hamilton and Chemung. The conditions of
sedimentation were different in the two areas, mechanical sedi-
ments and turbid waters prevailing in one, clear seas and or-
ganic deposits characterizing the other; geographically the
basins were separate; a very large proportion of the species
are quite distinet and are uscless for purnoses of corrvelation.
OF the species which are conunon the order in which they arrive
in the respective basins is not the same, some of the upper
Devonian forms of New York appearing early in Towa, while
some of the earlier ones ecame late. In a general way, therefore,
but not in any way definite or specific, the Middle and Upper
Devonian may be recognized; but not even in the most general
way can we point to anything corresponding to the Lower
Devonian of the New York section. Indeed, the remarkable
lung fish, Dipterus, which elsewhere is found only in the Upper

* See report on the Geology of Winneshiek county, vol. XVI, page 60.
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Devonian, occurs in Towa in formations which have been tenta-
tively referred to the Middle Devonian, as well as in formations
which have been correlated with the upper division of this sys-
tem. The system has been divided in Iowa on the basls of an
apparent unconformity; faunally the two divisions are not very
distinet. The intimate faunal relations between the Independ-
ence shales, near the base of our Devonian, and the Lime Creek
shales, above the unconformity near the top, are noted in the
reports on Cerro Gordo and Buchanan counties. The three units
referred to the Upper Devonian—the Sweetland Creek shales,
Lime Creek shales, and State Quarry limestone—do not lie one
above the other, but each is loecally developed and appears to
lie unconformably on the Cedar Valley limestones.

In Cedar, Linn, and Scott counties the Devonian follows the
Silurian conformably, but in the northern counties, Howard,
Winneshiek, and Fayette, there is a record of subsic . nce due
to erustal warping after the Devonian was fairly well advanced,
and the rocks of this later system overlap the whole Niagara,
and, in the counties named, their eastern edge rests on deeply
eroded Maquoketa.

The Lower Carboniferous, Mississippian.—It is possible, in-
deed probable, that there is an unconformity between the De-
vonian and Lower Carboniferous, but it has not been positively
demonstrated. The actual contact of Devonian and Kinderhook
has not been ohserved. The faunal break is not exceptionally
great. The stromatopores, favosites, and most of the other cor-
als characteristic of the Devonian do not appear in the Kinder-
hook, and the same is true of the Stropheodontas, Strophonellas,
and Atrypas; but the Orthothetes, Rhipidomellas, Spirifers, and
Cyrtinas have pronounced Devonian relationships. Productella
pyxridata and Ptyctodus calceolus, collected in the Kinderhook
of Missouri, furnish other points of affinity between the Kinder-
hook and Devonian faunas. On the other hand, leaving out
Productella, the Productide of the Kinderhook are decidedly
Carboniferous, and the fish fauna in general points unmistak-
ably in the same direction. The Burlington limestone and the
Keokuk limestone of the earlier geologists of Towa and Tllinois
have been united under the term ‘‘Osage’” or ‘‘Augusta.”” While
the two alternative names are not quite synonymous, it is prob-
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able that geologists will unite on the-term ‘‘Osage’’ for the as-
semblage of limestones, cherts, and shales under consideration.
So far as concerns lowa, the St. Liouis limestone brings the Mis-
sissippian to a close, and this formation remains as originally
defined, the line between the Osage and the St. Louis being
drawn at the pronounced unconformity at the top of the Warsaw
beds. When the later Mississippian, the Kaskaskia or Chester,
was deposited, the shore lines, so far as now known, lay outside
the limits of our state. That the greater part of the Mississip-
plan was characterized by comparatively arid climate is sup-
ported by many lines of evidence.

The Pennsylvanian series includes the productive Coal-Meas-
ures and presents the usual characteristics, biologic and lith-
ologie, of equivalent deposits in other parts of the world. One
of the most pronounced unconformities in the Mississippi valley
occurs between the Upper Carboniferous and the older forma-
tions. When the Pennsylvanian series began, the shore-line was
probably as far south as Arkansas. There are indications that,
at that time, Towa stood higher with respect to tide level than
it does at present, and deep erosion trenches were cut in the
Silurian, Devonian, and Lower Carboniferous formations. When
subsidence allowed the sea to return, it advanced upon a scarred
and eroded surface, depositing shales and sandstones of the
Des Moines stage in old drainage channels, and over the surface
generally, as far to the northeast as Delaware and Jackson
counties. In the counties.last named remnants of Coal-Measure
strata are found in troughs cut in Silurian, even in Ordovician,
beds, and similar remnants occur in old river channels cut
in the Devonian limestones of Muscatine, Linn, and Johnson
counties. The extreme advance of the coal-measure sea was of
comparatively short duration. For the greater part of the Des
Moines stage, so far as it is represented in Towa, the shore-line
oscillated back and forth over the area now occupied by the
valleys of the Des Moines and the Skunk rivers. Within this
area there are records of numerous slight movements of eleva-
tion and subsidence.

The sediments referred to the Missouri stage follow those of
the Des Moines without break. The crustal oscillations seem
to have been less numerous; the waters were clearer; the climate
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was less huynid; arenaceous deposits are scarce; limestones and
shales make up the bulk of the sediments of this stage; progress
was made toward the more arid conditions of the Permian.

The Permian.—The gypsum beds in Webster county, together
with the associated red shales and sandstones, have been re-
ferred by Professor Wilder to the Permian system. By some
writers they have been referred to the Triassic, by some to the
Cretaceous. These beds contain no fossils, and their strati-
graphic relations are such as to lend no aid in determining their
exact position in the geological column. They lie unconform-
ably on deposits of the Des Moines stage; in some places they
rest on St. Lonis limestone, for erosion had cut through the
whole thickness of the Des Moines sediments before conditions
favoring the deposition of gypsum hegan.

The Cretaceous system.—The Dakota and (‘olorado stages of
the Upper (‘retaceons are represented in northwestern Towa by
a series of sandstones, shales, and chalky limestones. Tn his
report on the Geology of Towa, published in 1870, White divides
the lowa Cretaceous into the ‘‘Nishnabotany sandstone,”” the
“Woodbury sandstones and shales,”” and the ““‘Inoceramus
beds.” The sandstones along the Nishnabotna river, as well
as those at Sergeants Bluff and Sioux City in Woodbury county,
together witli some interbedded shales, are referable to the Da-
kota stage; while the main body of shale and the calcarcons
Inocerammus beds vepresent the Fort Benton division of the
Colorado. It is nof certain that there is any true Niobrara in
Towa. During the long interval between the Upper Carbon-
iferons and the Upper Cretaceous the surface of lowa was
deeply eroded, and it was on such a surface that the ('retaceous
sediments of the state were unconformably deposited. Since
the Cretaceous, these sediments, whiclh were comparatively thin
at the most and imperfectly consolidated, liave been extensively
removed by erosion, and now oceur in more or less isolated
patehes.  On the geological map of Iowa the Cretaceous is in-
dicated over the entire area upon which it was originally
spread, the thick mantle of drift covering that part of Llowa
making it now impossible to outline the individual remnants.
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The Pleistocene deposits.—Iowa was exceptionally fortunate
in its location with reference to the movements and marginal
limits of the successive ice-invasions of the Glacial epoch. The
state, therefore, offers unusual facilities for the study of the
relative age and differential characters of the several sheets
of drift which make up the great body of mantle rock within
thie limits of the glaciated area. The succession of the glacial
and interglacial stages which have been recognized by members
of the national and state surveyvs is indicated in the columnar
section, and the subject will be found discussed in the national
and state reports.



THE GEOLOGYOF IOWA QUARRY PRODUCTS.

By S. W. BEYER AND TRA A, WILLIAMS.

The Proterozoic.

The Proterozoic is represented by the Sioux Quartzite, which,
while known to underlie a considerable area in the northwest
corner of the state, exhibits outecrops over a very limited terri-
tory in the extreme morthwest corner of Liyon county. Small
openings have been made and small quantities of the indnrated
sandstones have been removed from time to time. While lowa
is capable of producing much larger quantities, owing to lack
of transportation facilities the 4rade is supplied from the quar-
ries at Sioux Falls, South Dakota, and the Pipestone district
in Minnesota. :

The stone vaviex from a light pink to a deep purple in color,
with shades of red prevailing. It also varles greatly in state
of induration, texture and structure. As a rule it is typically
quartzitic, presenting the characteristic porcelain-like fracture
on freshly hroken surfaces. Oceasionally it is poorly cemented
and may be erumbled between the thumb and fingers. In texture
it presents normally a fine even grain, althongh conglomeratic
facies on the one hand and slaty on the other are known. In
general the quartzite oceurs in fairly heavy to massive beds,
in approximately horizontal position or dipping at a low angle.
In places the beds thin greatly, lack constancy and even show
false bedding.

The normal quartzite affords the most durable structnral
material native to Towa, and is especially well adapted for
heavy masonry and street paving and all purposes where

strength and durability are required. It is also well adapted
(201)



202 GEOLOGY OF TOWA QUARRY PRODUCTS.

for use in fronts and trimmmings of buildings. It takes and holds
a high polish and is desirable for decorative purposes. On ac-
count ol its greaf havdness it is expensive to dress and because
of this fact will never be used extensively save for the most
costly and permanent structures.

The Cambrian.
POTSDAM SERTEN,

UL SAINT CROIN SANDSTONE.

Only the uppermost division of the C(ambrian is known fo
ocenr in Towa. The prineipal outerops are confined to the Mis-
sissippi river and its inmmiediate tribntaries in Allamakee and
(layton ecounties and ave referred to the Saint C‘roix stage,
supposed to be the equivalent of the Potsdam of New York.

The Saint Croix comprises three rather easily separahle mem-
bers, the Drveshach sandstone, the Saint Lawrence limestone and

Fi16. 7—8t. Croix sandstone at McGregor, showing absence of well defined bedding planes.
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shales and the Jordan sandstone, named in ascending order.
As a rule all of the beds comprising the series are wholly unin-
durated or are but poorly indurated and as a consequence are
of but small importance as a source of quarry products. Cer-
tain layers immediately below the Saint Lawrence shales are
slightly indurated and have been used to some extent for struct-
ural purposes.

As far as known such use has been confined to Allamakee
county. The chief openings were made along the Mississippi
and immediate tributaries from New Albin to Lansing and from
a horizon varying from one hundred to one hundred and fifty
feet above the river. .

The sandstone carries a calcareous cement, lacks durability
and is not readily accessible and deserves mention only as hav-
ing been used to a very limited extent as a structural material.

The Ordovician.

The Ordovician system of rocks comprises two seriés, a lower,
the Canadian, and an upper, the Trenton. The former may be
readily subdivided into two stages, one which is prevailingly a
massive dolomite and known in the later publications of the
U. S. Geological Survey as the Prairie du Chien limestone,*
and the other, a well-marked sandstone horizon, the Saint Peter.

The Prairie du Chien limestone comprises a lower massive
dolomite which the present Survey has designated the Oneota
limestone, a medial sandstone, the New Richmond, and an upper
dolomite, the Shakopee limestone. Near the base of the Oneota
limestone, above about ten to fifteen feet of arenaceous lime-
stone, there are thirty to fortv feet of evenly bedded dolomite,
excellently adapted for the various grades of dimension stone
and the really only important quarry horizon in the Prairie du
Chien limestone.

The beds representing the Saint Peter sandstone are usually
not sufficiently indurated to merit consideration as a building
stone. Occasional beds are indurated locally and have been
developed to a very limited extent.

*In the reports on Winneshiek and Clayton countieg, volume XVI of these reports, this
stage 13 called the Lower Magnesian, but this term is now superseded by the one here used
.in accordance with a recent decision of the Board on Geologic Names of the U. S. Geological
Survey. See Lancaster-Mineral Point Folio, page 3
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The Trenton series comprise the Platteville, Galena and Ma-
quoketa stages, according to the present terminology adopted
by the Survey. All of the members have furnished some
structural material, although quarrying operations have been
limited to the Platteville and to the dolomitized portion of the
(3alena. The most important horizon, known as the ‘‘Lower
Buff Beds,”’ attaining a thickness of more than twenty feet, oc-
curs near the base of the Platteville and 1s separated by a few
feet of shale from the Saint Peter sandstone.

The upper Platteville, while usually thinly bedded and often
decidedly argillaceous. is quarried to some extent. The Galena
limestone, as it oceurs in Dubuque county, affords stone sunitable
for massive masonry and has been so utilized to a limited ex-
tent. To the northward it becomes less magnesian to non-mag-
nesian and is practically worthless for structural purposes. The
(ralena is separated from the Platteville by a calcareous shale,
the ““Decorah Shule”’ of Professor Calvin, the ‘“Green Shales”’
of the Minnesota geologists, which is worthless save as a pos-
sible sonrce of material for cement manufacture.

The uppernost member, the Maquoketa, is of small impor-
tance as a source of quavvy products. The Middle Maquoketa
cherts may prove to be serviceable road material, while the
calcareous to dolomitic layers in the l.ower and Upper Ma-
quoketa have heen quarried locally. The shales of the Lower
Maquoketa afford material suitable for the manufacture of Port-
land cement.

It is probably true that no other rock system is potentially
richer in quarry products than the Ordovician. This wealth of
material has been but little developed in Iowa. The lack of
development is due to several causes. In the first place, first
class material constitutes only a small proportion of the entire
assemblage of heds. As yet the demand for the waste which
could be utilized as crushed stone is small. In the second place
the counties in which the Ordovician beds oceur are poorly sup-
plied with transportation facilities, away from the immediate
vieinity of the Mississippi river. Third and last of the im-
portant factors, is the introduction of cheap substitutes for
building stone. Stone of usable quality can be obtained in
every township, oftentimes oun every farm over considerable
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portions of the Ordovician area. As a consequence, the outlook
is not encouraging for the immediate future.

ALLAMAKEE COUNTY.

The Ordoviclan covers the entire county with the exception
of narrow belts along the Mississippi and Oneota rivers and
their immediate tributaries, where the beds have been removed
through erosive agencies and the Saint Croix sandstone exposed.
Good quarry stone occurs at several levels, notably near the
base of the Oneota and of the Platteville limestone formations.
Above the ten or fifteen feet of arenaceous limestone or cal-
careous sandstone at the base of the Oneota there are thirty
or forty feet of evenly bedded, fine-grained, buff, dolomitic lime-
stone in layers varying from a few inches to three feet in
thickness and in blocks oftentimes many feet in width and
length. In the eastern portions of the county in the vicinity of
New Albin, Lansing and Harpers Ferry the beds have been
worked to some extent but are not of especially good quality.
In the northwestern portion of the county, the same beds afford
material of superior quality for the various grades of masonry,
although on account of the absence of suitable facilities for
transporting the product, they have been but little developed.
Great blocks detached from the parent ledges through the under-
mining of the friable sandstones below, retain their angularity
and otherwise demonstrate their durability though they have
been exposed for hundreds of years. At the present time only
sufficient quarrying has been done to demonstrate the wonderful
possibilities of thisx horizon as a source of wealth which may
in time be utilized.

Above these beds in the basal portion of the Oneota there
are occasional beds suitable for structural purposes but as a
rule the stone is massive, with only occasional irregular bedding
planes, which renders quarrying difficult. Besides, the beds are
rather coarse textured, vesicular, and oftentimes arenaceous
or cherty. The upper Prairie du Chien beds generally show
layers of sandstone and shale interstratified with the dolomitic
beds, and possess little to commend them for quarry purposes.

As a rule the Saint Peter sandstone is not sufficiently indu-
rated to deserve notice as a quarry stone. There are a few small
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F1G. 8—Effect of weathering on hard beds of Saint Peter sandstone near Hefiner’s.

patches which are exceptions to the general rule, the stone
being sufficiently cemented to be used for rough masonry. It
has been so used to a limited extent. Such outcrops may be
viewed three miles east of Waukon in the south half of section
27 in Makee township and in the southwest quarter of section 14,
Franklin township, near Smithfield. At the latter place the
sandstone carries a siliceous cement and forms cliffs thirty or
forty feet in height and in some cases breaks into massive an-
gular blocks showing marked ability to resist the agencies of
disintegration.

The second important quarry horizon in the ‘Ordovician in
the county comes in the lower Platteville and is the equivalent
of the ‘‘Lower Buff Beds’’ of the Wisconsin geologists. These
beds are separated from the Saint Peter sandstone by five or
six feet of greenish or bluish shale and comprise a heavy bedded
dolomitic limestone aggregating twenty to twenty-five feet in
thickness and composed of layers varying from six inches to
three feet or more in thickness. The stone is hard and compact
and yellow to buff in color and is capable of furnishing blocks
of almost any desired dimensions. These beds are available at
numerous points in the county, notably in the valley of Paint
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creek in Paint Creek township, and in Franklin township, but
they have been but little developed.

The Platteville, above the Lower Buff Beds is very variahle
lithologically. There is a continnal alternation of shales and
limestones, the limestones predominating. The limestone in
general is dull colored, shades of blue prevailing and is often
argillaceouns. Tt is generally fine-grained, compact, and oceurs
in thin beds varely exceeding six inches in thickness. It breaks
with a conchoidal fracture and does not tool easily. Beds which
appear to be firm when first quarried, slake readily wlien exposed
to the weather. The upper beds have been quarried to a limited
extent near Waukon along Village creek. The stone is a blue
to slaty colored limestone, but weathers to varions shades of
vellow and buif; is hard and fine-grained and ocenrs in layers of
from three to six inches in thickness. The layers are variable
in composition and state of induration and, as a consequence, in
weather resisting qualities, and they must be selected with
considerable caution when used in permanent structures. Sim-
ilar sections may be viewed north of Postville, where some
quarrying has also been done.

The upper quarry beds north of Waukon are overlain by an
important deposit of calecareous shale aggregating twenty to
thirty feet.

The Galena as developed in Allamakee county affords nothing
of importance in the way of quarry products.

CLAYTON COUNTY.

All of the major divisions of the Ordovician are well devel-
oped in Clayton county and all supply products of economic im-
portance. The principal quarry horizons are econfined to the
Prairie du Chien and Galena-Platteville. The outerops of the
Prairie du Chien formation are confined to the Mississippi river
and its immediate tributaries in Mendon and Clayton townships,
disappearing under the river a short distance north of Gutten-
berg. For the most part the Oneota division is composed of a
coarse, vesicular dolomite, varying from light gray to buff in
color and showing but few bedding planes. The lower thirty or
forty feet is in ledges varyving from two to four feet in thickness
and has been quarried at several points near Me(rregor and
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North McGregor. The beds near the top are sometimes cherty
and some of the beds carry an abundance of calcite in the cav-
erns. Above the quarry ledges the dolomite is more massive,
coarser in texture and shows a decidedly pitted surface when
weathererd. As a general rule the nupper fifty feet of the Prairie
du Chien contains thin bedded sandy or shaly layers aggregat-
ing about fifteen feet, which are overlain by brerciated and con-
cretionary beds, the Shakopee, aggregating a thicknexxz of abont
forty feet. While the Prairie du Chien attains a thickness of
more than two hundred fect in the county, only the lower beds
already deseribed have been quarried, and even these only in
a small way.

The Galena-Platteville supplies two well known quarry
horizons which correspond in a general way to the ‘‘Lower?”
and “Upper’’ quarry beds of Dubugue and other counties. The
lower horizon is sometimes known as the “‘Lower Buff Beds”
and consists of a fine-grained magnesian limestone which oceurs

F1G. 9—Quarry in Lower Bufi beds at McGregor. Thin-bedded limestone is seen at top.
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PLATE XXXI—Quarry of Clayton White Sand Company, Clayton, Clayton county, lowa. The beds developed belong to the Saint Peter
sandstope and are almost free irom impurities.
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in layers ranging from eight inches to three or even four feet
in thickness. It is blue on fresh faces but upon exposuie weath-
ers to a buff color. It breaks readily along bedding planes into
slabs of almost any thickness and is cut by sufficient vertical joint
planes to facilitate quarrying. These lower beds are being
developed near MeGregor and Guttenberg and are easily avail-
able at numerous other points. They comprise a thickness of
from fifteen to twenty feet. The lower quarry beds are over-
lain by thin bedded, very fine-grained and compact limestone
somewhat unevenly bedded and light blue-gray in color. In
places these beds are decidedly marly in character. They at-
tain a thickness of twenty-five to thirty-five feet. These thin
beds are overlain by the ‘‘Green Shales’” of the Minnesota
geologists. The second important quarry horizon is near the
top of the Galena-Platteville and develops the dolomitic beds
of the Galena. Numerous quarries have been opened in these
beds, including those in the vieinity of Monona, Elkader, Garna-
villo, St. Olaf, Farmersburg, in° Cox Creek township, the lime
kilns at Guttenberg and numerous other points. The upper
Galena comprises a heavy bedded, sub-crystalline dolomite,
rather coarsely granular, more or less vesicular and buff in
color. It weathers very irregularly and presents a rough pitted
surface when long exposed. The beds vary in thickness from
a few inches to five feet or more. The heavy beds often grade
downward into a less heavily bedded mottled zone which is only
slightly dolomitic. A few representative sections of the Galena-
Platteville are given herewith:

CLAYTON SECTION.

11. Dolomite, heavy bedded (Galena)...................... 150
10. Shale, green, at the top of the Platteville. .............. 2-3
9. Limestone, similarto No. 7 ................... ........ 8

Shale, bluish-green ........... ... ... ... ... i 2

~1 o

Limestone, in regular beds four to eight inches thick,
very fine-grained and compact, blue and buff in color.
Occurs in thicker layers than No. 5..... . ... ... .. .15

6. Shales, green, calcareous, containing lenses and bands

of limestones rich in fossils. Aniong the most com-

mon are Orthis subequate and branching monticulip-

OTOIdS . . o

Lt
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Limestone, thinx-bedded and compact, with marly layers
one to two inches thick separating many of the beds.
Latter are irregular in thickness and range from one
to three inches. The marly partings do not always
appear on fresh joint faces but stand out on weathered
SUITACES .. . e

Limestone, dolomitic, compact, blue when fresh but
weathering to buff on exposure; in even beds eight
inches to two feet thick, contains few or no fossils.
The quarry beds at Guttenberg and McGregor and
the ‘“ Lower Buff Beds’’ of some writers. ............

Shale, green, immediately overlying the St. Peter sand-

Sandstone (St. Peter) ......... ... i
Limestone, Prairie du Chien, to low water in Mississippi

GUTTENBERG SECTION.

Limestone, dolomitic, in heavy ledges, vesicular, coarse,
buff colored, the typical Galena dolomite.............
Limestone, magnesian, in beds two and three inches to
one foot thick, mottled gray and buff, only partially
dolpmitized and containing sixteen per cent of mag-
nesium carbonate; part of the rockis very fine-grained,
compact and gray colored, while other portions are
buff and have a rough, coarser feel. Contains some
chert in bands and scattered nodules. In these beds
are located the quarries supplying rock for tne lime
kilns at the base of the bluff...................... ...
Limestone, gray, non-magnesian, fine-grained, compact,
in thin and uneven beds. Lower portion not well
exposed on the ridge, since it is partially covered with
talus and soil. ... . L
Limestone, dolomitic, blue when fresh but weathering
to buff, beds eight inches to two feet thick. In these
““Lower Buff Beds’’ the quarries are located...... ...
Sandstone, Saint Peter, not exposed here, but known to
rise ten feet above the river..........................

ELKADER S8ECTION.

Dolomite, light hlue, rather compact, in ledges six inches
to two feet thick. Some of the upper strata are sep-
arated by thin layers of réddish fissile shale ..........

Dolomite, light gray to buff, containing many small cav-
ities, ledges varying in thickness from oneto five feet,
most of them being over two feet thick...............

Dolomite, buff, massive, weathers irregularly, forming
pitted surfaces... ... ... ...

Unexposed . .. oot i e

Limestone, non-magnesian, in thin beds, compact, fos-
siliferous, contains chert nodules arranged in bands,
exposed to river... . ... .. ... e

w

90

FEET.

100

FEET.

25
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F1G. 10—Stone bridge at Elkader; built of Galena limestoune.

Numbers 4 and 5 in the above section are being quarried.
Rock for the stone hridge in KElkader was obtained from this
quarry. Numerous other sections might be mentioned but the
main features are given above.

In places the entire assemblage of heds appears to be non-
dolomitic, a feature which is not peculiar to Clayton county
but is known to be characteristic of the Galena in northeastern
Towa.

The Maquoketa division of the Ordovician is more highly
caleareous than equivalent beds in Dubngue and other counties
to the south and yet does not contain heds which have been
quarried to any extent in the county. The chert beds above
the middle of the formation are sufficiently indurated to be nsed
for road material.

DUBUQUE COUNTY .

The Ordovician system, as developed in Dubuque county, com-
prises four well marked divisions, the Saint Peter sandstone,
the Platteville limestone, the (Galena limestone, and the Ma-
quoketa shales. Fixposures of the first occur along the Missis-
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sippi bluffs from a mile or two above Spechts Ferry to Zollicof-
fer Lake, a distance of five or six miles. It is represented by a
rather ferruginous, variegated, coarse-grained sandstone. It
is friable, though the upper beds are sometimes sufficiently in-
durated to be used as a quarry stone. It has been used to some
extent in.the vicinity of Spechts Ferry.

The Platteville limestone comprises a series of interbedded
limestones and shales, some of the limestone beds being dolomit-
ized. A general section, according to Calvin and Bain, is as
follows:

FEET
8. Shale to shaly limestone or interbedded limestones and shales. 5
7. Limestone, bluish, rathercoarse-grained, in thin layers ranging
from three to six inches in tbhickness........................ 25

6. Shale, bluish or greenish, very soft, plastic, witb thin lenticular
sheets of limestone distributed irregularly through it (‘‘Green

Shales' ) oo e e 12
5. Limestone, bluish beds, weathering brown, coarser grained and

less fossiliferous than beds below......... ... ... ... ..... 5
4. Limestone, heavier, coarser layers, ledges up to fifteen inches,

resist weathering well....... ... .. ... .. .. il 5

3. Limestone, blue, thinly bedded, fine-grained, brittle, fossilif-
erous, bedding planes very uneven and undulating, weathered
surfaces show thin shale partings; shale often quite bitumin-
ous. With the two zones above constitutes the ‘“Lower Blue
Beds' .. e 20

Limestone, dolomitic, earthy, impure, non-crystalline, hard,
firm; beds range from eight inches to three feet in thickness
and are well suited for heavy masonry. ‘“The Lower Buff

(8]

Beds™ ... ... e 18 to 20
1. Shale, bluish to greenish, weathers to ashen or yellow, ‘‘Basal
Shale’ . 3tob

Number 2 in this section is the most highly prized for quarry
purposes although quite generally obscured by talus slopes.
This is the horizon which has been so extensively developed and
i1s deservedly popular for heavy masonry at Minneapolis and
Saint Paul.

The following sections in the vicinity of Spechts Ferry give
the details of the Platteville. '

SPECHTS FERRY SELTION.

FEET.
11. Dolomite, thin-bedded, brown, with sbaly partings

(Galena) . ... i 4
10. Limestone, thin-bedded, imperfectly dolomitized, with

“fossil brachiopod shellsonly slightly changed; the limc-
stone brown, earthy, non-crystalline, but evidently of
the Galena type........... .. ... ... ... ... ... .. ...

s
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PrLaTe XXXII—View three-fourthe of a mile below Spechts Ferry, showing in ascending
order: 1. Saint Peter sandstone. 2. Basalshale. 3. Lower Bufi beds. 4. Thin, brittle,
blue beds. ‘
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FRET.
9. Limestone, thick, earthy, imperfectly dolomitized

(Galena) ... s e e 3
8. Limestone, thin beds with much shale in the partings;

in part a true shale. This member is almost entirely

shaly a few rods above the station on the road leading

to Dubuque......... ..o 5
7. Limestone, bluish, rather coarse grained, with dissemi-

nated fossils; in beds varying from three to six inches

in thickness....... ... .. .. .. . o 25
6. Shale, bluish or greenish, containing occasional thin

beds or discontinuous flakes of limestone; the ‘‘Green

Shales’’ of the Minnesota geologists.................. 12
5. Limestone, thin-bedded, bluish, rather coarse-grained,
weathering brownish incolor.................. .. ... 5

4. Limestone in rather heavy layers which range up to fif-
teen inches in thickness; bluish on fresh fracture, but
weathering to buff on exposure................... ...

3. Limestone, brittle, fine-grained, blue, very fossiliferous,
breaking up on weathered surfaces into flexuous lay-

D

ers about two inches in thickness.......... .......... 20
5. Limestone, ‘‘Lower Buff Beds,”’ exposed, about........ 8
1. Limestone; unexposed to level of water in river, about.. 45

About three-fourths of a mile below Spechts Ferry the
“‘Lower Buft Beds’’ show a thickness of twenty feet. A quarry
in section 10 of Peru township, two miles below Spechts Ferry,
shows the following beds:

FEET.
5. Limestone, blue, thin-bedded at the top of the section.. 2
4. Shale, the equivalent of the ‘‘Green Shales’............ 8
3. Limestone, heavy ledges of fairly good building stone,
bluish, but weathering into buff on exposed surfaces,
equivalent to numbers 4 and 5 of the Spechts Ferrv
SECHION . ... e e e 10
2. Limestone, thin-bedded, brittle, blue, fossiliferous...... 16
l. Limestone, heavy, ‘‘Lower Buff Beds,”” good quarry
stone... .. P 10

The Lower Buff Beds are not sufficiently accessible to attain
much importance in the county, as a quarry stone. The pure
limestone beds above while more readily available are not suf-
ficiently durable to command attention.

The Galena limestone affords an important quarry horizon
in the upper beds and one much more generally available than
the Lower Buff Beds. Numerous quarries have been opened
and operated in the vicinity of the city of Dubuque, near Graf
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on the Chicago Great Western, and along the Illinois Central at
the crossing of the North Cascade road.

The rock quarried is thin-bedded above, ranging from four
to ten inches and separated by thin shaly partings becoming
heavier below, the beds attaining four feet or more in thick-
ness. The rock is hard, granular, completely dolomitized, and
rough and vesicular on exposed surfaces. It does not make a
good appearance in dressed stone work but is excellent for ash-
lar, rough dimension work and heavy masonry. In bridge work,
foundations and lower courses in large buildings it makes an
excellent appearance. , :

One of the most complete and representative sections in the
county may be seen at the Kagle Point Lime Works. The fol-
lowing sequence of beds may be studied:

. FEET,
15. Loess-covered slope above the outcrépping ledges of Galena
limestone, culminating in a prehistoric mound at the summit

of the bluff..... E e e e e e e 15

14. Dolomite in ledges, varying from two .to three feet in thickness 10
13. Dolomite, two or three rather heavy ledges containing large
' numbers of the problematic fossil, Receptaculites oweni
Hall. Receptaculites is found sparingly in other members
of the section. At this horizon, which will be called the

Receptaculites zone, it is exceedingly abundant ............ 10

12. Dolomite, heavy-bedded, typical (Galena, hard, crystalline and
relatively free from chert; in ledges three to six feet in thick-

TIEBS .+ ottt veie e et b e e e e e 70
11. Dolomite, bed containing pockets of calcite; the calcite in

some cases forming large crystals.......................... 3
10. Dolomite, bed containing large quantities of chert............ 4

9. Limestone, ledges showing the characteristics of the typical
Gialena, hard, compact, crystalline, completely dolomitized,

with small amount of chert............ ....... .. .. ... ... 18
8. Dolomite, thick, massive beds with large amount of chert.... 12
7. Dolomite, thick beds, erystalline, the ordinary type...... .... 6
6. Dolomite, ledge varying in texture, containing small pockets

of calcite and some chert; a single specimen of Receptacu-

lites found inthisledge.... ... .. ... . oL -4
5. Dolomite, heavy ledge nearly on a level with the top of lime

4 U £ N 3

4. Dolomite varying in aspect according to degree of weathering;

at Eagle Point showing bedding planes 10 to 18 inches apart. 15
Dolomite; massive, crystalline; bedding planes almost com-

pletely obliterated. ... ... .. ... . il o 20
Limestone, incompletely dolomitized beds with shaly partings

at intervals of six, eight, or teninches................... ... 10

NV

W
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Prare XXXIV-~The chert beds of the Maquoketa afford excellent material tor road work.

Clermont, Fayette county, [owa.
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FEET.

1. Limestone, basal ledge of Galena, beginning on top of Platte-
ville limestone and shale bearing Orthis subequate and
associated fauna; this lower bed is earthv, incompletely
dolomitized, and weathers below into a dark brown or
reddish ferruginousclay............ ... . Ll 2

Numbers 12 to 14 inclusive, comprise the most important
quarry beds. The chert beds comprising numbers 6 to the base
of 12 are suitable for erushed stone products and are also used
for lime. They are not considered desirable for structural pur-
poses.

From the Eagle Point Lime Works the beds dip more or less
uniformly to the south and west.

Most of the quarries near Dubuque operate the beds above
number 13 in the Hagle Point section. About the middle of
this division occurs the ‘‘cap-rock’’ of the miners, a heavy,
firm layer about two and one-half feet in thickness with an eight
or nine inch layer below it.

The Maquoketa  shales contain certain indurated layers
throughout and impure, earthy dolomite layers above. None,
however, are of sufficient importance to be worthy of special
mention for structural purposes and have not been quarried in
the county. '

FAYETTE COUNTY.

The Maquoketa occupies a considerable area in the northeast
corner, practically the entire area north of Turkey river, and
appears along the prinecipal streams in the northeast third of
the county, notably along the Volga, Turkey, and Little Turkey
rivers, and Otter and Bear creeks. Some quarrying has been
done in the vicinity of Clermont, the L.ower Maquoketa beds
being developed. In a few places the less cherty layers of the
Middle Maquoketa division yield a material suitable for rough
masonry. The chert beds of the Middle Maquoketa as developed
at Clermont are dolomitic and cherty and afford an abundance
of material suitable for road work, railway ballast and concrete.
The beds of the Upper Maquoketa are predominantly argilla-
ceous and are of interest as a possible source of material suit-
able for the manufacture of Portland cement.
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Fi1G. 11—-Beds of Isotelus mawximus which constitute the basal deposits of the Maquoketa
shales; north of the bridge in section 35, Clermont township, The beds have attracted
some attention as a possible source of Portland cement materials.

HOWARD COUNTY.

Both members of the Ordovician as developed in Howard
county are exposed in the vieinity of Florenceville. Kxcellent
sections of both the Galena-Platteville and the Maquoketa oc-
cur in the northern tier of sections in Albion township but as
yet the beds are almost wholly undeveloped. The quarry below
the mill at Florenceville shows the following beds:

FEET.
2. Limestone, irregularly bedded, fine-grained, fossiliferous,
with shaly partings; some of the layers represented by
detached nodules and irregular lenticular slabs of
limestone imbedded in shale......................... 10
1. Limestone, regularly bedded in layers a foot or more in
thickness, without shaly partings, rather coarse-
grained, beds cut by definite joints, joint faces pitted
and roughened by weathering........................ 8
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Number 1 furnishes a durable grade of building stone. The
rock is magnesian, sub-crystalline and practically non-fossilif-
erous.

JACKSON COUNTY.

A few outerops of the Platteville stage of the Trenton series
appear in Tete de Mort township from St. Donatus to the Mis-
sissippi river and southward. Several small quarries have been
opened but have not been operated extensively. Perhaps the
largest quarry has been opened near the top of the bluff at
Gordons Ferry station. A large amount of material has been
taken from the bluff in the vicinity and used in the construction
of wing dams along the river. The section exposed presents a
massive dolomite in ledges from four to six feet in thickness.
The beds are sub-crystalline and quite free from chert. A small
quarry near the village of St. Donatus shows the following beds:

ST. DONATUS SECTION.
FEET.

Dolomite, grayish yellow, in layers three to eight inches in
thickness, which are separated by narrow partings of shale;
containing 2 number of fossils in the form of casts or molds 5%

4. Dolomite, yellowish, similar to No. 5 above, and containing

simnilar fossils. ... ... oo 2

3. Dolomite, yellow, two layers, each about eight inches in thick-

ness, which are separated from each other and from those

o

adja'cent by two-inch bands of shale..... ... ... ... ..... 18
2. Dolomite, rather hard, which is imperfectly separated into

‘layers respectively 2, 3,2, 4 and 14 feet.................... 63
1. Dolomite, yellow, fossiliferous and somewhat vesicular, con-

sisting of Jayers 2, 3, 24, + and 3 feet in thickness.......... 11

Other quarries have been operated along Tete de Mort creek.
A more extensive natural section may be viewed on the northeast
quarter of section 24 in the same township. This exposure
shows the following succession of beds:

FEET.
8. Dolomite, weathered ledge, hard, yellowish gray, indistinctly
separated into layers and presenting a very rough surface... 6
7. Dolomite, hard, buff, in three layers, respectively 3, 3 and 1
feet in thickness, the surface showing numerous small cavities 7
6. Dolomite in heavylayers, yellow, Receptaculites oweni abundant

near the middle portion............... ... ... oLl 5
5. Limestone, hard, sub-crystalline, yellow in color, showing
numerous cavities, fossils few and poorly preserved.......... 4

15
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FEET.

4. Limestone similiar in character to No. 5 above, weathering into

indistinct layers three to six inches in thickness.............. 5
3. Limestone ledge consisting of two layers, each about two feet in

thickness, containing a number of indistinct fossil remains... 4
2. Dolomite, hard, buff colored, similarto No. 3...... .......... 33
1. Dolomite, hard, massive ledge, yellow, vesicular, down to level

of water................ . P 43

The upper layers of Galena become thinner with numerous
thin shale partings and the Galena cliffs are almost invariably
overlain by Maquoketa slopes.

The Maquoketa beds are supposed to be responsible for the
slopes which appear at the base of the massive Silurian lime-
stone cliffs which face the Mississippi and its immediate tribu-
taries and also appear in Fairfield and Van Buren townships.
The Maquoketa beds are predominantly argillaceous but grade
upward into thin layers of indurated limestone interbedded with
thin shale layers. These transition beds have been quarried
locally at Bellevue and at a few other points in the northeastern
portion of the county. The material breaks down rapidly when
exposed to the weather and is not of a durable character. A
representative section may be seen near the northeast corner of
the town of Bellevue. The sequence is as follows:

BELLEVUE SECTION.
FEET.

8. Dolomite, hard, massive, crystalline, in heavy layers three to

six feet in thickness; indistinct remains of fossils not rare.

Niagara limestone..............coin i 13
7. Limestone, impure, yellowish gray, rather fine-grained, in

even layers four to fourteen inchesin thickness, weathering

into bands of one to two inches; carrying a few fossils;

without chert nodules.................... . ... L 14
6. Limestone, argillaceous, earthy, in layers two to six inches in

thickness; containing a few fossils. On weathered faces

thin partings of shale appear between the layers........... 19
5. Stone, yellowish, argillaceous, bluish gray where not exposed

to the action of the atmosphere; in layers one to three feet

in thickness; weathering into narrow bands one to three

inches thick. Occasional nodules of chert appear in lower

PaTh. 15
4. Shale, grayish blue, indurated, calcareous, weathers into thin
bits; without fossils but carrying a few chert nodules...... 3%

3. Limestone, impure, rather fine-grained, yellow colored, much .
decayed and showing numerous close lines of lamination.. %
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‘2. Shale, bluish gray, somewhat indurated, weatheriﬁg into e
small polygonal and irregular fragments, without fossils... 10
1. Shale, blue, plastic, nonfossiliferous...............c.c. vt 30
In the above section number 8 represents the basal portion
of the Niagara limestone, which forms an overbhanging cliff.
Numbers 6 and 7 represent the transition phase of the Ma-
quoketa, beds which have been quarried to a limited extent. The
shales are a possible source of materials suitable for the manu-
facture of Portland cement.

WINNESHIEK COUNTY.

Good quarry stone is available at a number of horizons in
the Ordovician as developed in Winneshiek county. The lowest
beds eminently suitable for structural purposes occur near the
base of the Oneota limestone in Highland and Pleasant town-
ships. The lower thirty or forty feet, resting directly on the
Jordan sandstone, is a light buff, evenly bedded dolomite, fairly

F1G. 12—Exposure of New Richmond sandstone Jin the northwest quarter of the northwest
quarter of section 13, Glenwood township.
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uniform in texture and obtainable in blocks of almost any di-
mensions up to thirty inches in thickness and easily dressed.
The outerops are practically limited to the bluffs facing Bear
ereek from Highlandville to the county line, and limited out-
crops on sections 23, 24, 25 and 26 in Pleasant township. These
beds are almost wholly undeveloped in the county on account of
the absence of transportation facilities. The upper heds of the
Oneota are less desirable for structural purposes on aeccount
of their more drusy character, absence of regular hedding planes
and general lack of uniformity in texture, structure and com-
position. At the present time none of the beds belonging to the
Oneota are quarried in Winneshiek county.

The (ialena-Platteville limestone, as in adjoining counties,
affords several well defined quarry horizons. The three divisions
recognized by the Minnesota and Wisconsin geologists are very
marked here. The lowest division or Platteville limestone is
again divisible in three parts, ‘‘Lower Buff Beds,”” ‘‘Thin,

F16. 13—Cliff of Galena limestone at Blufiton. The face of the cliff coincides with the face of
one of the master Joints which cut the formation.
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Brittle Beds,’’ and ‘‘Thicker Quarry Beds’’ in ascending order.
As a whole the Platteville thickens southward and as a conse-
quence is much thicker in Dubuque than in Winneshiek county.
The Lower Buff Beds.do not exceed five or six feet in the latter
county, with eight inch layers, and- have been developed at but
few points and then in a small way. The heaviest ledges of the
Lower Buff Beds occur in the valley of the Upper Iowa in the
vicinity of Freeport and east. The Thin, Brittle Beds were
quarried formerly to a limited extent, and while apparently in
heavy beds where protected, they break down when exposed to
weathering influences and are of little economic importance.
The uppermost member or Thicker Quarry Bed attains a thick-
ness of from four to eight feet and is evenly bedded. The
stone is hard and compact, fine-grained, non-dolomitic limestone,
and is of a bluish color. The individual layers nange from six
to eight inches in thickness, are remarkably uniform and can
be obtained in sheets or tablets of almost any desired dimen-

F16. 14—Exposure of the Decorah shales with overlying basal ledges of the Galepna limestone,
at the Dugway, Decorah. :



230 GEOLOGY OF TOWA QUARRY PRODUCTS.

sions. This horizon has been quarried extensively in the vicinity
of Decorah and Hesper. The beds are composed chiefly of finely
comminuted and firmly cemented brachiopod shells. From one
of the quarries north of the river at Decorah attempts were
made to produce an o_rnz_xménta.l stone by sawing into thin slabs
and polishing by machinery. The product possessed a rather
pleasing appearance and was used to a limited extent for table
tops and interior decoration.

A number of quarries have been opened in the Galena lime-
stone, above the level of the Decorah shale. Many are small
and were operated onlv temporarily to supply some immediate
local need. At no point does quarrying in the Galena assume
commercial importance. The upper quarry of Mr. Halloran
is worked at the level of the lower Receptaculites zone, about
fifty feet above the Decorah shales. The quality of the stone
is not as good as that from the upper part of the Platteville.
The bedding is not so regular; the texture is less uniform ; much
of the stone is liable to split into small chips on long exposure
to the weather. There is a large quarry at Nordness which is
opened in the upper beds of the Galena. The Magquoketa be-
gins only a few feet above the exposure. The upper beds are
badly checked and weathered, but below these there are some
quite firm ledges varying from ten to fourteen inches in thick-
ness, with which there is associated a ten inch band of shale.
About the middle of the quarry face there is a belt of irregularly
bedded concretionary limestone, three feet in thickness, alto-
gether lacking in the homogeneity requisite for good quarry
stone. Below this belt there are six feet of more regular and
more homogeneous beds, with some of the individual courses
fully ten inches in thickness. Another quarry at the same
horizon as that at Nordness is opened on the south side of the
Yellow river, in the north half of the northeast quarter of see-
tion 13, Bloomfield township, on land belonging to the estate
of Mr. Melvin Green. The characteristics are the same as at
Nordness except that there are several bands of shale, ranging
from two or three to ten inches in thickness, interstratified with
the limestone. Amnother quarry which includes the uppermost
beds of the Galena is located on the south side of the diagonal
road in the southwest quarter of section 17, Bluffton township.



WINNESHIEK COUNTY. 231

There are other small quarries, worked temporarily or intermit-
tently to supply the purely local demands, near Kendallville,
Plymouth Rock and Burr Oak. In the southeast quarter of
section 7, Fremont township, are some small quarries opened in
beds of dolomitized Galena, a phase of the formation resembling
that at Dubuque. Dolomitization here is local, being restricted
to an area of three or four square miles. The many other small
openings in the Galena limestone are too. numerous to be in-
dividually noted.. ’ o1 !

F1G. 15—Portion of retaining wall around Court House Square in Decorah showing unreli-
able character of Platteville limestone.

Much of the Galena limestone is very unreliable. When
quarrying has been carried into the hillside beyond the zone of
weathering, the ledges may appear to be thick, firm, durable,
suitable for any kind of construction; but after being placed in
walls and exposed to alternations of temperature and the chem-
ical effects of air and moisture they split into thin lamina and
eventually break up into small, irregular chips. The effect is
well shown in the portions of the old retaining wall still stand-
ing around the court house square at Decorah.

Quite an amount of quarrying has been done in the Maquoketa
formation. The Isotelus zone is very regularly and evenly
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bedded, and in a few instances it is firm enough to serve for
building stone. One quarry at this horizon, located in the north-
west quarter of section 18, Springfield township, is noted by
Calvin in connection with the general discussion of the Ma-
quoketa beds of this county.* In some cases the strata lying
between the Isotelus zone and the Clermont shale are capable
of furnishing a fair grade of building material for rough walls
and foundations; but the principal quarry thorizon in the Ma-
quoketa is that of the Fort Atkinson limestone. This, not in-
frequently, is a hard, granular, erystalline dolomite, comparable
to some phases of the Galena limestone in Dubuque county. At
Fort Atkinson quarries have been worked in this formation for
many years, and one of these, located a few yards west of the
old fort (Fig. 16), is capable of vielding blocks of any desired
dimensions up to three feet in thickness. Another quarry in

Fi16. 16—Quarry in the Fort Atkinson limestone, at the town of Fort Atkinson, a few rods
west of the old FFort.

*Jowa Geological Survey, Vol. XVI, page 101.
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the same limestone, on the east side of the fort, has been oper-
ated intermittently for some time and has furnished quite an
amount of fairly good material. In the southwest part of Mili-
tary township there are many quarries and natural exposures
in the Fort Atkinson beds. The small quarry near the center of
the sonthwest quarter of section 33, and that near Ossian in the
northwest quarter of section 15, will be found noted with some
detail in the part of the report on Winneshiek county which
treats of the Fort Atkinson limestone.” On the north side of the
Cresco-Calmar ridge the Fort Atkinson formation comes to the
surface and is quarried near the center of the southwest quarter
of section 27, Springfield township, and about sixty rods south
of the northwest corner of section 5, Bloomfield. At the point
last named the rock is yellower, softer, less erystalline than at
Fort Atkinsen. The rocks of this horizon become more earthy
or shaly toward the northeast, and gradually lose the qualities
of a pure dolomite whiclh distingunish them at the type localities
in Fort Atkinson and Clermont.

LIME.

‘While no lime is now manufactured im Winneshiek county,
the materials for making a high grade product are not wanting.
The upper two-thirds of the Oneota is particularly well suited
for this purpose. This is a hard, granular, crystalline dolomite
of much the same character as the (Galena limestone whieh is
so successfully made into lime at agle Point, Dubuque. At
Waterville in Allamakee connty lime is made and shipped ex-
censively, and the stone used is the Oneota, the same stone that
is so well developed at Highlandville and Canoe, and along the
river below Freeport, in Winneshiek county. The non-dolomitic
Galena formation in Winneshiek would male an execcllent lime
if it were used soon after it is burned, but it will not keep as
well as lime made from 'the Oneota dolomite. It is liable to
deteriorate hy hecoming air slaked if kept in stock for even a
comparatively short time, and, if in this condition it is used for
mortar, it is easily crumbled and washed out of the joints. The
greater part of the Niagara limestone should make a good grade

*lowa Geological Survey, Vol. XVI, pages 107, 108.
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of lime. There is nothing in the Devonian that can be recom-
mended for lime making, unless it may be the small amount of
the lithographic phase in section 7 of Orleans township.

| The Niagara.

The Niagara limestone, as developed in Towa, comprises two
stages, the Hopkinton, typically developed in Delaware and
adjoining counties and formerly known as the Delaware stage,
and the Gower, from Gower township in Cledar county, where
this stage shows its typical development. The Hopkinton stage
comprises a series of dolomites varving considerably in compo-
sition and structure. In general, they occur in heavy beds, with
bedding planes obscure or wanting. At certain horizons and in
certain localities, the beds are evidently laminated -and even
become flagey in character. They range from hard, slightly
vesieular, sub-crystalline, massive dolomites, to soft, earthy
deposits. Certain horizons carry large quantities of chert. The
Hopkinton attains its maximum development in Dubuque and
adjoining counties. According to Professor (‘falvin® the follow-
ing membhers of the Hopkinton can be recognized and he assigns
their thieckness as follows:

FEET.

7. Upper quarry beds. ... ..o o 20
6. Cerionites beds .. 25
5. Pentamerus beds. ... ... ... e 50
4. bSyringoporabeds.... ... o i . B
3. Chert beds. ... .. .. 25
2. Lower quarry beds.......... e 20
1. Basalbeds. ... o 15
1672 O 220

Number 5 is often sub-crystalline and essentially a pure dolo-
mite and is of excellent quality for lime burning. It is used
extensively in Jackson counity.

The Gower includes two fairly distinet sub-stages, the Le-
Claire and the Anamosa.

The latter consists typically of soft, laminated, light buft to
yellow dolomite in thin to medium heavy beds which are often
practically parallel and nearly horizontal. Texturally the beds

*Geology of Dubugue county, page 459.
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are porous, often highly 'vesicular, and usually present a rather
dull and earthy luster. The layers are divided by occasional
vertical joints. :

" The LeClaire beds on the other hand, comprise a hard, bluish
gray to a grayish yellow, sub-erystalline dolomite. The prevail-
ing color above the ground water level is some shade of yellow
or buff. Texturally, while the LeClaire is usually sub-crystal-
line, it is generally vesicular and presents a decidedly rough
appearance on a freshly fractured surface. It is sometimes
brecciated or conglomeratic. Structurally, the LeClaire occurs
in mounds and presents a very uneven surface which is filled by
the even beds of the Anamosa. It sometimes appears to be mas-
sive, the bedding planes being scarcely recognized; at other
times the bedding planes are apparent but are highly inclined;
in still others, the beds are evidently laminated and nearly
horizontal. The LeClaire, when-typically developed, is an essen-
tially pure dolomite and excellently adapted for the manufact-
ure of a superior grade of lime and is so utilized at a number
of points in Iowa and Illinois; notably, Cedar Valley, Sugar
Creek and Viola in Towa, and Port Byron in Illinois; while the
Anamosa beds are especlally prized as a dimension stone on
account of their unusual uniformity in bedding, composition,
texture and state of induration. More than three-fourths of the
bridge and dimension stone of the state is derived from these
beds. The leading quarries are located at Cedar Valley, Stone
City, LeClaire and Mt. Vernon.

BREMER COUNTY.

The Niagara limestone is known to appear at the surface at
but few points in Bremer county. The most important section
appears along Baskin creek in the southeast quarter of section
17, range XIIT west, township 91 north. The beds which may be
seen in this quarter are as follows:

FEET.
3. Limestone, brecciated; composed of sharp angular fragments

of a drab, laminated limestone of lithographic fineness of

grain, in a gray matriX........ ...l Lo ii 1
2. Sandstone, filled with small angular fragments of white chert,

in two or three layers, apparently conformable with 1......
1. Dolomite, light butf, sub-crystalline, vesicular, with cavities

up to eight inches in diameter; in heavy, irregular, rough-

faced beds up to two feet thick..................... ...... 13

e
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'The lower beds were quarried formerly and used in the manu-
facture of lime of excellent quality.

Similar, but less extensive sections occur in section 20 of the
same township and in section 36 in Douglass township, three and
one-half miles west of Tripoli. An analysis of the last men-
tioned occurrence shows its true dolomitic character, and is
given below: ' ‘

SilCa. ... . e 1.53
Tron OXide. ... o e e e e 0.48
Calcium carbonate. . ...t i e e 54.32
Magnesiumearbonate........... . i i 43.41
Combined water. ... ... e e e 0.26

None of the outerops mentioned have been utilized to any ex-
tent commercially. All are located remote from towns and rail-
ways and notwithstanding their excellent quality for lime, and
the fact that but little stripping is required, it is not probable
that they will be important in the quarry industry for some
time to come.

BUCHANAN COUNTY.

The Niagara limestone occupies a triangular area in the north-
east one-third of the county. Outecrops appear along Otter ereek
in Hazelton township, and in Buffalo and Madison townships.
The usual type exposed is the coarse, granular dolomite. Near
Hazelton, in section 2 of Hazelton township, the coarse dolomite
passes beneath fine-grained non-dolomitized limestone, varying
in color from light drab to blue. Small openings have been made
in all of the above areas but little stone has been taken out.

CEDAR COUNTY.*

(Cedar ranks among the first counties of the state in the value
of the yearly output of building stone, a pre-eminence due chiefly
to the quarries at Cedar Valley. Formerly Lime City was an
important producer, but at the present time, it contributes but
little to swell the county total. Building stone of excellent qual-
ity is found widely distributed over the county, and while the
small quarries which have been opened in almost every town-

*Professor Norton’s excellent write up on Building Stone in his report on the Geology
of ("edar county has been revised and used almost in its entirety.
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ship do not greatly add to the large amount contributed by the
Cedar Valley district, yet their value and convenience to the
rural districts and neighboring towns is greater than mere sta-
tistics could show. There is hardly a section in-the county where
a farmer or townsman can not get a load of cheap good stone
within easy hauling distance. Thus in Pioneer township there
are quarries at Peet’s mill and elsewhere on Clear creek; in
Cedar township at Cedar Bluff and two and one-half miles north
of that village; in Gower township at Cedar Valley and Plato;
in Center at several quarries south of Tipton; in Rochester
along Rock creek; in Towa near Atalissa; in Sugar Creek at
Lime City and a number of quarries north of that village; in
Springfield southwest of Lowden; in Massilon along the Wapsi-
pinicon, and in Dayton township near Clarence. Nearly all of
the building stone cuarried in the countyv is furnished by the
Gower stage of the Silurian, the onlv exception heing that of the
Devonian quarries in Iowa township near the Muscatine county
line. The good qualities of the Anamosa phase of the Gower
limestone have long been recognized and have frequently been
set forth in the connty reports on the counties of eastern Iowa.
Its even and smooth hedding, its uniform grain, its comparative
softness in working with saw and chisel when fresh from the
quarry, and its hardness when recementation has taken place
on drying, its obduracy to all chemical agencies of rock decay,
and its resistance to frost, its pleasing color and the absence
of any injurious minerals which might weaken or strain the
stone or impair its ease of working, all these characteristics con-
tribute to make the Anamosa one of the best building stones of
the west.

Bealer Quarries—In value of output, and perfection and cost
of machinery, these quarries are the most noteworthy in Iowa
and are among the largest of the Mississippi valley. They are
located some six miles southwest of Tipton on the right bank
of the Cedar. The village which has sprung up about them is
called Cedar Valley, and a spur connects with the Cedar Rapids-
Clinton line of the C‘hicago, Rock Island and Pacific railroad,
near Plato, about two miles northwest. The sequence of beds
is as follows:
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BEALER’S QUARRY, CEDAR VALLEY.

9. Limestone, buff, magnesian, very soft, Coggan stage......... 14
8. Limestone, weathering into chipstone, in layers up to six

0 1eT T N 14
7. Limestone, light gray, rough, massive, very vesicular........ 3
6. Limestone, fragmental, argillaceous......................... 1
5. Seam of blue agillaceous material extending for] 180 feet

along quarry face.... ... i 0-2
4., Limestone in thin spalls, hard, dense, “‘flinty’’.............. 5%

3. Limestone, hard, rough, buff, crystalline, highly vesicular,
with moulds of spire-bearing brachiopods, the spires often
remaining in Casts. ...... . o ottt 5

Limestone in layers fromd two to eight inches, laminated. .... 4

1. Limestone, light buff, granular; lustre dull, homogeneous in
grain, slightly vesicular, destitute of silica in any form,
fracture even, soft when first quarried, rapidly bardening
on drying, bedding planes horizontal, even and compara-
tively distant, laminated, joints distant, master joints
running south-southeast. All quarried for building stone,
together with Nos. 2-8, Gower stage........... ........... 94

The quarries were opened nearly a quarter of a century since
by Mr. E. J. C. Bealer, who, as a practical bridge architect, saw
the great value of the stone at this point for bridge piers and
all heavy masonry. The chief quarry now in operation was
opened some years ago, and no expense has been spared to equip
it with modern and effective machinery. A levee costing $20,000
has been built along the river front for protection against floods.
Railway tracks in the quarries are so built that the force of
gravitation is utilized to the utmost and no locomotive engines
are required to make up the train of loaded cars which in busy
seasons is sent out daily. The stripping of the quarry, consist-
ing of twenty-five feet of soft silt known as loess, and less than
ten feet of pebbly glacial clay, is cheaply and expeditiously
handled hydraulically by means of a high duty steam pump and
suitable pipes and hose. In quarrying the stone there are em-
ployed one single and three double steam channellers and several
steam drills. The plant is well equipped with boilers and engines
of sufficient capacity to furnish an abundance of power to oper-
ate the channellers, drills, pumps, machine shop equipment,
crusher plants and numerous derricks. A large machine shop,
well equipped for repairing and rebuilding the tools and ma-
chinery of the plant completes the equipment.
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PLATE XXXVI—Quarry methods in vogue at the Bealer Quarry.
a. Hand gadding.
b. Steam drill, a common type of rock drill.
¢. Double channeler.

16
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The output consists chiefly of bridge stone of three grades.
The proprietor contracts for completed bridge piers and has a
large force employed in their construction. Dressed dimension
stone is cut in the yards and crushed stone, rip-rap, rubble and
curb stone are included in the produets of the quarry.

The quarries were opened in natural ledges fronting the river
in the face of the bluffs, rising about 120 feet above the stream.
These ledges have been quarried away over an area of several
acres, and on the platform thus formed an extensive pit has been
sunk to a depth of sixty feet below the level of water in the river,
and another of like dimensions has recently been opened. The
lower ninety-four feet.is used for bridge and dimension stone,
the stone becoming of finer grain and better quality, it is said,
with increasing depth, to the present quarry floor. Above this
lies a ledge of twenty-two feet thick used only for rip-rap, rub-
ble, railway ballast, and macadam for which it is admirably
adapted. It includes hard, fine-grained spalls, a four-foot layer
of hard, highly vesicular, crystalline limestone, and four feet of
laminated limestone in layers from two to eight inches thick. On
this ledge rests a bed of about twelve feet of soft, earthy lime-
stone, called. the Coggan, wholly worthless for any industriai
purpose, and constituting a part of the stripping.

The quarry stone belongs to the Gower stage of the Niagara,
according to Norton. It consists of laminated, light buff, granu-
lar, even bedded dolomite which withstands chemical decay and
mechanical disintegration remarkably well. Open bedding
planes are so few that they are found to be practically impervi-
ous, a fact markedly at variance with similar beds in Anamosa
and Stone City in Jones county. The chemical composition of
.the rock was found to be as follows:

BUILDING STONE QUARRY, LIME CITY.

Calcium carbonate (CaCOgz) ... 0. oo e e e 55.3
Magnesium carbonate (MgCO,) ... 43.0
Ferric and aluminum oxides (Fe.0, and AlLLOg) oot 1.4

SHHCA (S100) + o v ettt et e 0.6
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BUILDING STONE, BEALER’S QUARRY, CEDAR VALLEY.

Calcium catbonate (CaCOy) ... ovoe i e 56.4
Magnesium carbonate (MgCO4)...... ... ..o i oL 42.6
Ferric and aluminum oxides (Fe,O, and Al,O;)...... .......... 0.7
Siliea (S10a) .o 0.4

100.1

The rock, however, is laminated throughout and may be split
along these planes to layers one foot in thickness without diffi-
culty, and in places to eight and nine inches. On natural out-
crops adjacent, long-weathered surfaces often show close lines
of lamination, but these are strongly coherent, beyond the usual
in this formation, and permit the quarrying of permanently
solid blocks of as great thickmess as called for. The common
size of the blocks raised from the lower part of the quarry is
six and one-half feet long and three and one-quarter feet wide
and thick, weighing each something more than four tons.

In some of the outerops of the Anamosa phase of the Gower
stage, there are found, especially toward the summit, thin layers
or lamin® of a compact, drab, fine-grained limestone, called by
workmen ‘‘flint’’ on account of its hardness, brittleness, and
fracture. Such seams are a direct injury; under the weather
they break into small rhombic chip-stone. Since their coefficient
of expansion is different from that of the adjoining layers, they
tend to form in time a horizontal cleavage of the block of which
they form a part. At Bealer’s quarry these seams are prac-
tically absent, and the stone free from this element of weakness
as well as of all deleterious accessories, can be strongly recom-
mended as of the highest durability.

Cedar Bluff —Immediately above the bridge at this village, a
ledge of Anamosa stone has been quarried to some extent for
local supply. The face of the ledge is here some thirty-five
feet. The upper seven or eight feet are weathered to thin spalls.
In the middle lies a stratum of seven feet of fine-grained, light
yellow limestone of pure Anamosa type. Below this the stone
shows an alternation of harder and softer laminz, the harder be-
ing of finer grain and more brittle. The best building stones are
said to be taken from the bed of the river at the base of the
ledge.
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Below the village the same formation outerops on both sides
of the river, in ledges up to fifty feet in height, showing the same
granular laminated limestone, horizontally bedded in even
courses, weathering in places to thin calcareous plates, but for
the most part standing in undivided layers up to two feet in
thickness.

McLeod’s Quarry, sonthwest quarter of section 12, township
82 north, range T west.—On the left bank of the Wapsipinicon,
less than one-half mile below Massilon, this quarry shows a face
of twenty-five feet of vesicular, semicrystalline limestone, the
upper fifteen feet massive or obscurely bedded, the lower ten
feet in rough layers from eighteen to thirty inches thick, all buff
in color, and sparingly fossiliferous. Just below the village on
the right bank of the stream, the same layers form a picturesque
ledge about thirty feet high.

Frink’s Quarry, northwest quarter of southeast quarter of sec-
tion 14, township 82 north, range II west.—The following section
is here shown:

FEET.
4. Limestone, rough, in layers [rom one-half to one foot thick,
weathered .. .. ... ... . 4
3. Limestone, in eight inch layers............ ... .. .. .. ...... 2
2. Limestone, exceedingly rough, crystalline, deeply pitted with
rounded cavities up to five inches in diameter............. 2
1. To creekilevel, not exposed.......... ..o it 13

The layers here form a gentle syncline dipping 2° north at the
south end and 6° south at the north end.

Burrough’s Quarry, southwest quarter of seetion 22, township
80 north, range T1I west.—The Goweér ishere quarried on a small
seale on the left bank of Rock run. For eight feet above the
creek, a very fair granular building stone lies in layers from
seven to eighteen inches thick, weathering superficially to spalls
two to four inclies thick. “The dip to the southeast is perceptible.
An adjacent ledge reaching a height of twenty feet above water
level is composed of laminated limestone, hard, gray and crys-
talline. A few rods away an old pot kiln attests the possibilities
of the stone as a lime maker. Here a layer identical with No. 4
of Whann’s quarry is found above the limerock. Across the
creek and down the stream on the same farm, about fifty feet of



246 GEOLOGY OF IOWA QUARRY PRODUCTS.

this hard, erystalline, laminated limestone is displayed in over-
hanging ledges and hillside outerops. MToward the base the rock
weathers to thin spalls, but above the lamina are coherent and
the cliff breaks down in immense blocks. About fifteen feet
above the limestone a few fragments of yellow sandstone were
seen in a shallow ravine, but no distinet outerop was found. All
the limestone in this section resembles the Anamosa stone in
its lamination and in its horizontal or nearly horizontal bedding.
Nowhere is it disturbed, tilted, or conglomeratic, as is so com-
monly the case with the Le(Maire. And yet In their hardness,
color, and erystalline texture, these beds on Rocky run are dis-
tinctly of the LeClaire type.

Wallick’s Quarry, east half of section 16, township 81 north,
range 1V west.—Two and one-half miles north of Cedar Bluff
the Anamosa phase is quarried for local uses. The rock rises
to the surface in the low hills, so that no stripping, except of
weathered spalls, is necessary. The roeck is of the ordinary
phase of the finely laminated, fine-grained, light buff building
stone of the Gower. It is in thin lavers, dipping 11° SE., and
shows a face of twenty feet.

Hecht’s Quarry, northeast quarter of northeast quarter of sec-
tion 14, township 82 north, range 11 west.— The following section
is seen at Hecht’s quarry:

FEET.

3. Limestone, spalls, irregularly shaped chipstone, buff, resem-
bling conglomerate of harder centres with matrix of lime-

SEOME MOl L e 4
2. Limestone, rough, semi-crystalline, cores gray, weatliering to
530 4 1

1. Limestone, ifor the most part evenly bedded, bnff or gray,
thickness of layers from above downward in inches: 8, 18,
10, 15, 19, 24, 12, 18, 18. At west end a dip of 3" W.; in
center slightly 8.; at east end a perceptible dip SW........ 115

Cary’s Quarry, southwest quarter of section 13, township 80
north, range I1T west.—About two and three-fonrths miles south-
west of Tipton, two quarries have been opened on Rock creek.
Mr. M. C. Cary here guarries a face of fifteen feet in layers
mostly of the thickness of flagging, but some reaching nine
inches. At the west end of the quarry, the stone is hard and
crystalline, of the LeClaire phase, in layers six inches thick and
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npward and dipping 12° SSE. Two rods east this has passed
into the Anamosa phase, but slightly harder and more crystal-
line than typical, dipping 3" E., the juncture being now concealed.

Twenty-five rods southwest of this section a small quarry has
been opened showing a mound of hard limerock at the north end,
and, the juneture again being obscured, at the south Anamosa
stone, some layers being soft and granular, and others harder
and more compact. The layers here run from one and two inches
to nine and twelve, and dip from 30° WN'W. to 38° NNW.

Whann’s Quarry, northeast quarter of northwest quarter of
section 14, township 80 novth, range [II west:

FEET.
5. Limestone, light butf, hard, fine-grained, luster earthy, re-
sembles Bertram beds of Linn county..................... 2
4. Limestone, buff, softer, with numerous branching vertical
tubes one to two nun. in diameter...... ... ... ... L 1
3. Limestone, hard, gray, crystalline........ ... ... .. ........ 14
2. Limestone, buff, more or less vesicular, in layers from 8 to
30 inches thick, with bands of harder crystalline gray rock. 5
1. Limestone in layers as above, buaff, granular, laminated. .... 6%

The dip here is a gentle one to the southwest. A few rods up
stream the ledge is seen to form a low syncline.

LIME.

Rock of the highest excellence for the manufacture of lime is
as broadly distributed over the county as is good building stone.
This is due to the many areas where the Gower limestone is ex-
posed by erosion, and to its rapid alternation at the same horizon
between its two lithological phases. At no great distance from
the quarries of the granular, evenly bedded Anamosa stone,
there will be found outcrops of the crystalline, massive or
obliquely bedded dolomite, which takes its name from LeClaire,
the town in Scott county where its typical features were seen
and desecribed by Hall nearly fifty years ago. Thus at Lime City
and at Cedar Valley, lime and building stone quarries are in
close proximity. It is to these two places that the manufacture
of lime is at present restricted. This is not due to any special
advantage in the quality of their limerock over that of other lo-
calities in the county too numerous for mention, but fo the facil-
ity with which the rock can be handled and the product placed
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on the market. In almost all portions of the county the explorer
of outecrops of the country rock finds the white heaps of half
burned lime and the ruined walls left to show the place of pot
kilns. Owing to the increasing scarcity of wood and introduetion
of the clay limes from Missouri and the reduced price of Port-
land cement, the lime industry has become almost extinet.

* The upper beds of the Silurian furnish a limerock of the high-
est degree of excellence. It is from them that some of the largest
kilns in Ohio, Wisconsin and Illinois, as well as Towa, draw their
supply. The lime burned in Cedar county is identical with that
of the well known kilns at Racine and Port Byron. Its pre-em-
inence depends upon its chemical and physical qualities. Tt is
notably free from silica in all its forms and from argillaceous
or ferruginous impurities. The large per cent of carbonate of
magnesia. present makes it a cool lime, slow to slack, slow to set.
The hardness and durability of mortars made from this lime
approach those of cement. Buildings are seen in which it was
employed, where, after thirty-five years of weathering, the joints
seem as fresh as when struck. Wholly minor advantages are the
brittleness of the rock, which aids in its breaking to suitable
dimensions for the kiln, and its vesicularity, which gives more
ready access to heat in burning and to water in slaking.

The purity of the Gower dolomite is demonstrated in the fol-
lowing analysis made in the chemical laboratory of Cornell Col-
lege under the supervision of Dr. Nicholas Knight:

Ledge on Rock Creek, southeast quarter of the southwest
quarter of section 23, township 80 north, range III west:

Calcium carbonate (CaCOg).... ..., ..o i i 55.76
Magnesium carbonate (MgCOg) ... . it 43.85
Ferric oxide and aluminum oxide (Fe,0, and A1,04)........... 0.26
Silica (SiOs) ... e e 0.12

The total impurities of this specimen of the dolomite used in
lime making throughout the county are but little more than one-
third of one per cent.

Lime City.—The quarries of this plant are situated on the
right bank of Sugar creek, five miles northwest of Wilton, a spur
of the Chicago, Rock Island and Pacific connecting them with
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PLATE XXXVII—Horizontal Coggan beds overlying the oblique-bedded LeClaire phase of the Gower limestone at Lime City. The lower beds are a '5
remarkably pure dolomite and were formerly nsed in the manufacture of lime.
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the main line at that junction. The rock is of the usuwal LeClaire
facies. The following section may be taken as a fair average:

FEET.
2. Limestone, light hulf, non-laminated, soft, earthy, with a

strong odor of petroleam when struck with the hammer; in
layers from six to twelve inches in thickness, cherty, nod-
ules up to a foot in diameter............ ... ... . L
1. Limestone, dolomitie, sub-crystalline, hard, massive; beds
highly inclined; readily separated from beds which are hori-
zontal

18

25

Dynamite was used in blasting and the stone was sent to the
kilns by a tram running on a trestle. Iour patent draw kilns
were used and the lime could be loaded from the sheds directly
on the cars. Some years since petroleum was used as fuel in one
of the kilns, but later only wood was employed for calcination.
The region about Sugar creek is forested, and wood was obtained
at moderate expense. The output found ready market along the
lines of the Chicago, Rock Island and Pacific Railway in Iowa
and the states west. The amount of stripping is very slight.
The beds of the (loggan, whieh overlie the limerock, are shipped
for riprap and ballast, being wholly unavailable for lime or
building stone. No lime has been produced here for some years
and the plant is dismantled.

Cedar Valley—The lime plant at Cedar Valley consists of
three patent draw-kilns, each with a eapacity of 120 barrels, and
the usual storage and cooper sheds. Of the quarry face of sixty
feet, scarcely any is unavailable for lime, and the expense of
stripping is inconsiderable. The rock is economically handled,
and the lime is loaded on the cars of the Chicago, Rock Island
and Pacific Railway. It has found a wide market over Iowa and
the adjacent states to the west. Wood is employed as fuel and is
brought in from the heavily wooded hills of the Kansan upland
on both sides of the river.

CLAYTON COUNTY.

The Niagara limestone covers an extensive area in the south-
ern portion of the county, an irregular area on the divide be-
tween the Volga and Turkey rivers and small outliers in Grand
Meadow and Marion townships. A large number of outcrops are
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available along the numerous stream ways. Quarries have been
opened near (Gunder and Strawberry Point. An extensive
quarry is opened just across the line in Fayette county. The
beds developed are similar to those available in Clayton county.
The Niagara beds are somewhat variable but consist generally
of a buff, heavy bedded dolomite, the ledges varying from two
to four or more feet in thickness. The Wilkes Williams quarry
which is described later under the discussion of Fayette county
may be accepted as representative for the northern outliers in
Clayton county. In section 15, Cass township, about one mile
north of Strawberry Point, the following quarry section may be
observed:

2. Dolomite, coarse-textured, buff, containing chert nodules, in
ledges eighteen inches to three or four feet thick...... .... 8-10
1. Dolomite, light gray, almost white, finely crystalline, free
from chert, in layers from four to eighteen inches and two
and one-half feet in thickness. The thicker ledges can be
split into any desired thickness along lamination planes.
The rock is soft when first quarried and grows hard on ex-
1010 B 6-8

Similar sections have been developed at other points in the
neighborhood. The beds are some sixty to seventy feet above
the base of the Niagara. They are almost white, fine-grained
and rather soft when first quarried 'and attain a thickness of
twenty to twenty-five feet.

LIME.

Clayton county has a wealth of raw material suitable for the
manufacture of good lime. Kilns have been operated at various
points in the county and materials from several horizons were
used. At the present time only two kilns are operated, both
being located at Guttenberg and both utilize the transition beds
of the Galena-Platteville. A better grade of lime could be made
from the fully dolomitized beds of the Oneota, Galena or Niag-
ara. Only sufficient lime is produced to supply the local demand.

CLINTON COUNTY.

With the exceptlon of a small area close to the Mississippi in
Elk River and Spring Valley townshlps, which is underlain by
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the Maquoketa shales, the country rock of Clinton county be-
longs to the Niagara stage of the Silurian. There are said to be
exposures of Niagara limestone in every township in the county,
save one, Berlin township.

It is quarried particularly in the vieinity of Clinton, where
considerable thicknesses of the limestone are exposed in the
bluffs bordering the valley of the Mississippi. There are also
many small openings from which stone is removed, that are scat-
tered so universally over the county that it is scarcely possible
to segregate them into distriets. Next to the Clinton quarries,
in the depth of strata exposed as well as in commercial impor-
tance, come, no doubt, the group of small quarries in the south
tier of townships near the Wapsipinicon and in the neighborhood
of Wheatland, Calamus, and Dewitt.

The Niagara consists typically of beds of dolomitic limestone
and dolomite, varying in nature from fine-grained, yellow, thinly
laminated and porous layers, to heavy beds as great as six feet
in depth, of brown to bluish gray compact stone. Chert in bands
and nodules ocecurs very commonly throughout the Niagara
strata. As mentioned, the stone has been quarried at a number
of localities in different parts of the county. The following char-
acteristic sections will afford an idea of the quality of the rock,
the succession of the beds and the extent and possibilities of the
building stone industry. They are taken in the principal quarry
distriets.

Clinton quarries—The Clinton City quarry is located at
Fourth Avenue and Bluff Road. The usable strata here consist
of an upper four to five feet of soft, thin-bedded stone which
grades into a somewhat firmer gray to bluish rock below. All of
the beds are porous and often cavernous on a small scale. There
are six to eight feet of weathered dolomitic residue and a varying
depth of loess overlying the quarry. The lower beds are being
used in city street work.

The Thomas Purcell quarry is located at Eighth Avenue and
Sixth Street. A face of fifteen feet is open, running nearly a
block parallel to Eighth Avenue and consisting of strata similar
to those described above. Below the upper five feet the beds are
heavy; in some instances individual ledges are three feet thick.
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The bottom stratum contains nodules of white chert. IFurther
quarrying here is limited by the city improvements.

The Union Park quarry belonging to the Turner Society and
worked by Henry Jessen is situated at the intersection of Union
Street and Bluff Road. A maximum of thirty feet of the Ning-
ara is exposed, covered by three to four feet of drift and ten to
twenty feet of loess. The upper portions of the dolomitic beds
are fissured and weathered in places to a residuum or ‘‘geest.”’
The top beds are also soft and of an ocherous yellow color. The
bottom ledges are denser, of a gray color and run one to three
feet in thickness. Only the latter are solid enough for founda-
tion or other important masonry work. The quarry is worked
constantly, hand methods only being practiced. The heavy and
increasing amount of stripping necessary to obtain these lower
strata is a great handicap to extensive development.

The quarry of Thomas Carey on Fourth Street, near Lamb’s,
is the most extensive opening in Clinton. There is less of the
worthless disintegrated material here ahove the solid ledges.
Thirty-five to forty feet of usable stone have been opened up and
a large amount taken out. The individual beds vary in thickness
from a few inches to three feet and products of any desired
dimensions are obtainable. Fifteen to twenty feet of loess are
removed to reach the quarry heds. The output consists of foun-
dation material and some dimension stone from the deepest bheds,
while the npper strata are crushed for road and concrete work.
The quarry is equipped with a portable jaw crusher made by the
Western Wheeled Seraper Company.

The dolomitic heds are exposed at other points near Clinton,
especially to the moxrth in the vicinity of Lyons and in many
places in the hills to the west along small tributavies. At all
points the surface layers arve usnally badly honeyeombed by
weathering and solution, and often nothing remaing but a yellow-
1sh crumbling dolomitie sand or dolomitic elay residunm. Tt is
therefore necessary to remove in most cases great gnantities of
the disintegrated portions to reach the deeper solid and more
durable ledges. These surface materials are serviceable in the
shape of crushed stone, although they are not of the best quality,
even for this purpose.



Prare XXXVIII—Thomas Carcy quarry section showing the ceneral character of the Niagara beds of the region.
ent in the middle section. Clinton, Clinton county, Iowa.

The chert beds are rather promin-
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The accompanying section is given as showing the general
character of the lower Nlagara beds to which the Clinton quarry
rock belongs:*

FEET
B, DIifb. ..ot i e e e 5
L5 © =Y 3

4. Porous and yellow, dolomitic limestone, irregularly bedded,
full of small crevices lined with calcareous incrustations.
This is known as ‘‘shell rock’’ among the quarrymen... ... 40
3. TFinely granular, yellow, dolomitic limestone with numerous
small cavities, often lined with a coating of crystalline cal-
cite. Bands of chert occur at intervals of from two to four
feet. Seven of these were each about five inches in thick-
=T O 30
2. Buff-brown, dolomitic limestone of fine-grained texture, with
many bands of chert, also scattered nodules of chert. The
chert is most abundant below. Some of the chert bands
have a thickness of one foot. These thicker bands occur
above and the thinner lie below. Thirteen bands in all
were counted. The lowermost, of which some were no more
than an inch in thickness, lie close together...... ......... 25
1. Blue shale (Maquoketa)................ ..o i it 15

In Orange township, the principal exposures are on Barber
creek. '‘On the land of A. A. Barber, in the southeast quarter of
section 29, the following beds are in view in an old quarry:

FEET
S T | 1
3. Shattered and disturbed, yellow, thin bedded, limestone .... 9

2. Very thinly laminated, yellow limestone, separating very
readily along bedding planes into thin slabs of even a
fraction of an inch in thickness................. .......... 11

1. The above rests on a floor which dips steeply to the north and
consists of heavy, firmer ledges of weathered, porous lime-
stone, some few feet of which have been worked.

The top, No. 3, ‘“slate,”’ is being used as macadam and appears
to give good service in this capacity on country roads.

Mrs. A. Smith has a small quarry south of Barber creek in
the southwest quarter of the southeast quarter of section 29.
Eight to ten feet of porous yellow limestone are exposed in beds
from six inches to less than one inch in thickness. There is
little drift or soil covering. The same stone crops out in the
hills along both sides of Barber creek, southeastward, through
sections 29 and 30. The strata are seldom horizontal but no uni-

*Geology Clinton county, Iowa Geological Survey, Vol. XV page 401.
17
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form direction of dip was made out. In some instances the lack
of horizontality is likely due to creep, but in general it seems to
be the result of disturbances on a broader scale, which are indi-
cated also by the shattering of the beds themselves.

Near the southwest corner of the northeast quarter of section
9, near Buena Vista, Olive township, F. C. Huehl has worked a
quarry on the land of S. B. Walker. The beds are similar to
those on Barber creek south of Grand Mound. They are less
weathered and harder, more durable stone is obtained relatively
near the surface and without much stripping.

In the vicinity of Big Rock post office in Spring Rock township
the porous vellow dolomite is exposed in the cliffs along Rock
run, and at numerous places to the south of the river in Scott
county.

In Sharon township, stone has been quarried on the farm
of Henry Kiel, one-half mile east of Liost Nation. The beds here
are porous, uneven and cherty.

The quarry section given below is exposed one-fourth of a mile
east of the center of section 15, Sharon township:*

©
@
@
@
o0
cr
'S

8. Fine-grained and laminated rock, breaking along the
horizontal seams into slabs from one to three inches in

thickness. ... 4
7. More coarse-grained and porous, evenly bedded, yellow
dolomitic rock, without well marked lamination.......... 3

6. Fine-grained dolomitic limestone, in - places with very
distinet crystalline texture, and weathering into slabs

about four inches in thickness........ ... ... ... ... 3
5. Yellow rock with occasional pockets set with crystals of

calcite. ... . 4
4. A single layer of fine-grained, dolomitic rock.... ........... 3

3. Brownish, dolomitic limestone of compact texture, breaking
much in quarrying, and having occasional crystals of
caleite. ... e e e 3

2. Laminated, fine-grained and compact, dolomitic limestone,
breaking into layers one inch in thickness, occasionally
bearing chert........ ... ... . i 1

1. Solid and compact ledge of gray, dolomitic limestone, with
some empty crevices lined with a thin coating of crystals
of caleite. ... ..o i 2

*J. A. Udden, lowa Geological Survey, Vol. XV, page 400.



PraTe XXXIX—-0ld Randall quarry near Big Rock, Clinton county, Iowa, showing heavy Niagara beds.
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DELAWARE COUNTY.

The Niagara limestone forms the country rock over nearly
the entire county and furnishes an unlimited quantity of stone
suitable for structural purposes, crushed stone and lime. Nu-
merous outerops appear along the principal rivers and most of
their tributaries and these have been developed to meet the
merely local demand. Quarries have been opened at a large
number of points, especially in the northeastern half of the
county. According to Calvin there are two horizons at which
evenly bedded, easily quarried stone occurs, and the quality of
the stone at both horizons is such as to place it among the best
in Towa. The lower stone horizon begins about thirty feet above
the base of the Niagara limestone and has a thickness of more
than thirty feet. The other horizon occurs near the top of the
Delaware stage, above the Pentamerus beds, and has about the
same thickness as the lower quarry-stone horizon.

The principal quarries of the lower horizon are located in Elk
township. There are at least four in section 16, one in section
23, and two or three occur in section 2. All are worked more or
less constantly during the summer season.

The Wilcox quarry is located on the southwest quarter of sec-
tion 16, and is typical of all the others at this geological level. It
presents a vertical face of about thirty feet. The beds range
from three or four, to thirty-six inches in thickness. The heavier
layers are toward the top of the exposure, and some of these
contain numerous cherty concretions. Near the base of the
quarry the stone lies in thinner layers and is free from chert.
The guarry is capable of yielding good material for cut dimen-
sion stone, all kinds of ashlar work, rubble and heavy dimension
stone for bridge piers. A great number of joints trending south-
west-northeast cut vertically through the strata. The best ma-
terial for cut stone lies about the middle of the quarry section.
Here the beds are free from chert, and the surfaces of the indi-
vidual layers are comparatively parallel planes. Near the base
of the quarry the layers present uneven surfaces, the irregulari-
ties resembling the effects of wave action.

The Wilcox quarry is situated on the north side of a triangular
ridge separating two converging valleys. Around the point of
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- the hill, and almost opposite the exposure operated by Wilcox,
another opening has been made in layers corresponding to those
in the upper part of the Wilcox quarry. The stone is weathered
at the top, and is overlain by dark brown residual clay, residual
chert and a thin layer of loess. There are no signs of drift. If
the Kansan drift was ever laid down in this locality it was en-
tirely removed by erosion before the deposition of the loess.
All the other quarries opened at this horizon show essentially the
same details as those described.

Regularly bedded limestone, apparently the same as the beds
worked, continue below the base of the Wileox quarry for at least
fifteen feet, and hence there is a total thickness of forty-five
feet of beds that might be quarried. Between the quarry stone
and the horizontally laminated beds at the base of the Niagara
there is a rather gradual transition through strata intermediate
in character. No fossils were noted either in the basal beds
or in the quarry stone.

There are quarries at the same horizon in Bremen township.
One of these is located south of the center of section 13, and there
are two or three in section 26. A quarry in the northern part of
section 26, furnishes good stone for rough masonry. The rock is
granular, vesicular, much pitted by weathering where exposed,
rather evenly-bedded; beds are horizontal and vary from a few
inches to more than a foot in thickness. The pitted condition due
to weathering is peculiar and distinguishes the rock of this lo-
cality from the equivalent beds on Elk creek. The quality is in-
ferior when compared with stone from the Elk creek quarries.
Another quarry in which the stone shows similar peculiarities
of weathering occurs a short distance southwest of the center of
section 26, Bremen township.

Beds of this lower quarry stone horizon, resembling those on
- Elk creek, are exposed at many points along the Little Turkey
river and its branches in the northeastern part of Colony town-
ship.

The best exposures of the upper. quarry horizon are seen in
Union township, a few miles southwest of Hopkinton. The Mer-
riam quarry, in the southeast quarter of section 23, has been
worked longer than any of the rest, and may serve as a general
illustration. The section is about as follows:
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MERRIAM SECTION.

: FEET.
11. Layers of limestone alternating with layers of chert each

about three inches thick............ ..................... 2%
10. Single layer, with embedded concretions of chert........... 2
9. Three to six inch layers of limestone, alternating with two to

three inch layers of brokenchert......................... 5
8. Fair rock with little chert......................... ........ 1%
7. Even-grained rock, cleavable............. ................. %
6. Good quarry stone in several layers.......... .............. 3
5. Compact layer with large, flat Pentamerus.......... ....... 2
4. Lowest layer worked............. ..ot i &
3. Vesicular ledges below base of quarry...................... 3
2. Chertylayers. ... .. ...t et e e e 4
1. Cherty and vesicular layers down to talus........... ....... 18

The Merriam quarry has from fifteen to twenty feet of excel-
lent quarry stone. There are two or three other quarries worked
at the same horizon in the same quarter section.

The Loop quarry is situated in the northwest quarter of sec-
tion 25, township 87 north, range IV west, about one mile south-
east of the Merriam quarry. This quarry has been worked for
a number of years, and it is capable of furnishing a large amount
of valuable building stone. The stone is fine-grained, homogene-
ous, easily worked and of good color. As the quarry is carried
farther back into the hill; the aggregate thickness of the avail-
able stone will increase to twenty-five or thirty feet. The beds
now exposed furnish excellent material for rubble, range courses
and dimension stone up to ten inches in thickness.

Quarry stone belonging to the Merriam quarry horizon crops
out at a number of points along a small ravine in the east half
of section 17, South Fork township. The bedding seems to be
thinner here than on the west side of the Maquoketa in Union
township. Some of the beds, however, are ten inches in thick-
ness; and quarries worked on the northeast quarter of section
17, and on the southeast quarter of the same section, have fur-
nished a large amount of good building stone for local use. An-
other small opening at this same horizon was noted in section 14
of South Fork township.

There are several quarries in the upper bu11d1ng stone beds
in Milo township. The largest are located in the eastern part
of section 9, near the north end of the highlands, called in Cal-
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vin’s report on Delaware county the Delhi plateau. The land on
which the quarrying is done is nearly 200 feet higher than the
Maquoketa river at the nearest point. The rock is here less
magnesian than at other exposure: in the county. A large
proportion of it is bluish in color, and there are many large
pockets of calcite. The bedding is quite regular, but the quality
of the stone is not equal to that at the Merriam and Loop guar-
ries farther south. A much better quality of stone is furnished
by the Matthews quarry located near the center of seotion 4. The
Matthews quarry has beds ranging from two inches up to two
feet in thickness. The stone has a good color, rather fine texture,
and may be used for the better grades of structural work.

In Delhi township the upper quarry stone is worked to some
extent at Beal’s quarry, in the town of Delhi. It is exposed and
might be easily quarried, in the bluff south of Fleming’s mills,
i section 29, and there are a number of other exposures, though
at rather inaccessible points, along the bluffs of the Maquoketa,
in sections 29, 30, 33, 34 and 35. A small quarry capable of
affording very excellent stone is opened on the northeast quarter
of section 23.

The Pentamerus beds are usually massive and break on quar-
rying into shapeless pieces, but ata few points in the county they

Fic. 1T—Regularly bedded Pentamerus—pearing limestone in section 31, Bremen township
one mile east of Earlville, Delaware county, lowa.
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lie in comparatively thin, even layers that may be quarried with-
out difficulty, and yield stone suitable for a number of purposes.
The position of the Pentamerus beds is between the two quarry
stone horizons already described. A small quarry is worked in
the Pentamerus horizon in the northwest quarter of section 3,
Colony township. In the same township there is another quarry
at this horizon near the center of section 27, and still another is
worked in the southwest quarter of section 35. The last men-
tioned has been operated more extensively than the other two.
The quarry face is about eight feet in height. The beds are
somewhat shattered near the top. Chert is abundant as partings
between the layers or as concretions embedded in them. The
limestone is overlain by a very reddish brown, pebbly Kansan
drift.

Some of the most important quarries worked in the Pentam-
erus beds are located in the southwest quarter of the north-
west quarter of section 31, Bremen township. In one of these
quarries there is an exposed section, thirteen feet in thickness,
which shows: '

FEET.

2. Coarse vesicular stone in heavy ledges, ledges varying from
eight to thirty inches in thickness......................... 8

1. Evenly-bedded stone in layers two to six inches in thickness.
Some of the layers contain Pentamerus oblongus with shells
partly preserved. Stone is soft earthy dolomite, with some
chert. .. .. 5

~ The massive beds of No. 2 contain Lyellia, Favosites and other
corals. These thick ledges are undermined in taking out the
thinner layers of No. 1, and great blocks left without support
fall down on the floor of the quarry.

Some stone is obtained from this horizon near Sand Spring
in South Fork township. Pentamerus limestone is used for
foundations and bridge piers at Forestville in Richland town-
ship. Near the northwest corner of section 2, Milo township,
there is a small quarry that with rather coarse, thin-bedded lime-
stone, furnishes an unusual amount of chert.

LIME.

With an abundance of stone of first-class grade for lime burn-
ing, it is a little surprising to find that no lime is produced in
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Delaware county. There are no kilns that are operated continu-
ously or that attempt to do more than supply some temporary
local demand. There are scores of localities where the Pentam-
erus and coral-bearing beds, lying between the two quarry stone
horizons, are massive, crystalline and free from chert. In such
case, if properly managed, they will produce a superior quality
of lime. Remains of abandoned limekilns are found in almost
every neighborhood where the Niagara limestone outerops, but
no kilns are in operation at the present time. There are half a
dozen or more of these old kilns in the neighborhood of Hopkin-
ton. No better lime was ever made anywhere than that which
these kilns produced when they were operated. The raw mate-
rial is abundant and easilv obtained. What is lacking is capital,
organization and efficient management. Dubuque lime, and other
limes not one whit better than the home product, but made on a
large scale by improved methods, are ahle to supplant the home
product when made by the primitive appliances adopted by the
pioneer settlers of the county.

DUBUQUE COUNTY.

The Niagara limestone covers the western portion of tle
county and has been quarried at several points. Two well de-
fined quarry horizons have heen developed, one near the base
of the series between the fifteen feet of basal beds and the chert
heds, and the other at the top of the Niagara series as they
occur in Dubucmne county. Fach horizon comprises about twenty
feet of good quarry stone, the lower beds being typically shown
in the quarries about Farley, while the most important gquarries
in the npper beds have been opened near Cascade. The basal
heds and bheds between the lower and upper guarry beds, while
suitable for rubble and erushed stone purposes, are not quarried
extensively at any place in the county.

Typical sections of the lower beds may be seen in the quarry
of Peter Milesi, east of Farley, and in the Arquitt quarry north
of the same town. The Milesi quarry, located in the southwest
quarter of section 8, Taylor township, on the Illinois Central
railway, shows the following beds and layers:
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MILESI SECTION.

INCHES.
8. Coarse-grained.bridge stone..........ooiviii ciniiiiairiin. 21
7. Stone of medium grade.......coiiiit it 28
6. Ledge of fine-grained stone, with some chert................ 24
5. Stone similiar to number 6........ ... . i 14
4. Fine-grained stone of good quality.......................... 4
3. Stone of same quality asnumber 4................. .. ... ... 17
2. Stonesimilarto3and 4............ . . il 9
1. Stonelike 2,8 and d......c.ovieiit i iiiiiiiaraaenen s 26

The North Farley quarry, located on the Chicago Great West-
ern railway, shows practically the same series but with slightly
different thicknesses and other unimportant differences. The
sequence is as follows: '

F1G. 18—Arquitt Bros. quarry, somewhat obscured by an excessive amount of talus. North
Farley, Dubuque county, Iowa.
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NORTH FARLEY QUARRY.

INCHES.

9. Thick course used for cellar rock and rip-rap................ 36
8. Heavy course used for bridgerock................. ... .. .. 24
7. Bridgerock................ e e e 24
6. Bridge rock.... ... e 16
5. Cherty layer, furnishes some good material.................. 18
4. Coarse, cherty in places, but sometimes furnishes very good

3703 =S €
3. Coarse with some.chert, used for cellar walls................ 12
2. Stone of excellent quality, easily sawed to requisite

[ 00 4003 1<) T o - S 16
1. Bottom ledge of good quality, caps along certain planes,

easily sawed...... .. ... e 26

The beds quarried at each place are dolomitic limestones, light
yellow to buff, fine-grained and finely laminated. The courses
are separated by shaly partings and are soft and very easily
worked. In the Arquitt quarry the stone is sawed and dressed
by machinery and very closely resembles the Cedar Valley and
Stone City stone. The lower quarry beds appear and are quar-
ried farther east; small quarries have been opened on section
2, Taylor township, and section 36, Towa township. At the
former the Niagara-Maquoketa contact may be seen and the
beds exposed are as follows:

FEET.

5. Chert beds consisting of coarse-grained dolomite in very un-
even, thin layers, interbedded with a large amount of chert 4

4, Lower quarry stone in courses varying from eight inches to

two feet in thickness; stone light gray to cream color, rather
fine-grained, the upper layers carrying more or less of chert 14

3. Basal beds in heavy layers which are, however, capable of

being split along lamination planes into relatively thin
AIVISIONS. v ov i i e e 12
. Transition beds of Maquoketa.............. ...ttt 13

1. Plastic shale of the Upper Maquoketa; not measured.

The Towa township quarry shows beds higher in the series and
less good quarry rock than the Taylor township section.

About 165 feet of almost worthless material intervene between
the lower quarry beds and the upper quarry beds. The rock
which constitutes these upper beds is in even layers varying
from three to ten inches in thickness, fine-grained, cream to light
buff in color and affords an excellent quality of material for the
less massive grades of building stone. The stone was used in
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building Saint Martin’s church at Cascade. Numerous outerops
of the upper beds appear in White Water and Cascade town-
ships. The beds intermediate between the upper and lower
quarry beds are well shown in the cliffs near the southwest
~corner of section 32, White Water township. The sequence is
as follows:

. FEET.
11. Light-colored, fine-grained rock resembling the upper quarry
DeAS . e e e 2
10. Dolomite, soft, yellow, easily decomposed, Cerionites beds.. 4
9. Dolomite, moderately hard, yellow.............. ... ..., 5
8. Dolomite, soft, fine-grained, gray, Cerionites beds.......... 15
7. Dclomite, coarse, massive, standing in vertical cliffs; Penta-
merus oblongus horizon............. ... ... ool 45
6. Dolomite, hard, very compact, with many casts of Penta-
merus, and some chert.......... . ... ... ., 5
5. Soft, rapidly weathering, light gray beds, with Pentamerus -
oblongus and non-silicified corals.................. ... ... 2
4. Deolomite, moderately soft, weathering rapidly, containing
the same corals found in number 3.... ... ... ... ... ... 7

3. Hard, dark gray beds, with many colonies of Fawvosites
hesingert, Halysites catenulatus, Syringopora tenella, and
Heliolites interstinctus; all the corals are silicified; a good
lime-burning rock.... ... vt e 8

2. Dolomite, coarse, granular, light buff, weathering irregularly
and showing definite bedding planes; silicified corals, as
innumber 3. .. ... 20

1. Slope to level of water in stream, rock not exposed......... 20

The intermediate beds have been quarried in this viecinity and

also near Dyersville and other points in the county.
FAYETTE COUNTY.

The Hopkinton stage of the Niagara occupies a very irregular
area over the north, east and south portions of the county. The
larger streams of the area have cut entirely through the heavy
beds of limestone and expose the Maquoketa shales, the under-
cutting of the softer beds tending to produce and maintain es-
carpments facing the streams. Numerous outcrops appear upon
the entire area and quarrying on a small scale has been done at
a number of points. The most important quarry in the county
is located on the northeast quarter of section 24, Clermont town-
ship, and is owned and operated by Wilkes Williams. The beds
exposed are as follows:
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WILLIAMS QUARRY SECTION.

FEET.
8. Clay, reddish, largely residual, but containing occasional

pebbles and small bowlders of greenstone and granite..... 3
7. Dolomite, much decayed, yellow, containing very abundant

nodules of chert; long exposed surfaces present numerous

cavities from which chert masses have weathered; lami-

nation planes irregular and imperfectly developed, indicated

by bandsof chert......... ..o i 14
6. Dolomite, coarse-grained, yellow, containing a large amount

of chert in the upperpart.............. ... ... . ... 2
5. Dolomite, heavy ledge, yellow in color and rather coarsely

granular in texture, without chert...... ... .. ... ... .. ... 3%
4. Dolomite, coarse-grained, yellow in color, containing no

Chert. . e 1
3. Dolomite, regular layer, rather fine-grained, without chert... 1%

[

Dolomite, yellow, resembling No. I in texture, two and
one-half feet in thickness at the south end of the gquarry, in-
creasing to four feet in thickness at the north.............. 4

1. Dolomite, heavy ledge, homogeneous, fine-grained with no

tendency to split along planes of lamination, and containing

no fossils or chert nodules; increasing in thickness toward

the north.... .. ... .. 4

The quarry is located near the Clayton-Fayette county line,
and the beds which are being developed belong to an outlier of
Niagara separated from the main body. Several other outliers
similar in character appear in the iImmediate neighborhood.
About twelve to fourteen feet of stone is utilized for various
structural purposes and gives excellent satisfaction. Lack of
transportation facilities greatly limits the capacity of the quar-
ries, as the stone must be hauled to Clermont or Postville for
shipment. Over the northern portion of the county the Hopkin-
ton beds are remarkably pure. Near Auburn the beds are pre-
vailingly a gray limestone, in layers two to six feet in thickness,
somewhat vesicular and lamination planes not evident. The
stone is very hard and brittle, breaking with a conchoidal to
uneven fracture and in one direction about as readily as in an-
other. Samples were collected and analyzed with the following
results:
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‘ 1 ‘ 2 ‘ 3 4 \ 5 6

| |
Silica...... ... .............. 49.60 ‘ 0.68 | 11.95 33.82 ‘ 7.55 18.31
Alumina........ .. .......... 6.36 = 7.83
Iron oxide... ... .00 6255 0.50 | 2.80 | gop) 3.43 1 3.60
Lime carbonate. ... . e e 98.52 | 84.80 |......... | 78.69 | 73.48
Lime.................... 2245 . 31.78 |........
Magnesium carbonate......... ......... 0. 0.45 |......... L 2.40 3.10
Magnesia..................... 0.20 ... 1.52 |
Soda...... ... ... . 0.35 |................ 1.82 |........
Potash.... ... B X L ol ales I
Moisture................ o e 0.08
Loss on ignition.......... .. 13.86 |........ . ....... 15.60 6.90 |........
Sulphur trioxide.............. 0.37 |........ ‘ ........ 1.62 | 0.84 1.52

I |

L. G. Michael, analyst.

1. Maquoketa shale, Auburn Mills. Average samples.
Niagara limestones, Auburn Mills. Average samples.
Argillaceous limestone, near Clermont.

Shale near Clermont.
Natural cement rock near Clermont.
Shaly limestone near base of Maquoketa at Elgin.

D O b WD

Auburn Mills is an inland town and while both shale and lime-
stone are exposed in unlimited quantities they are not available
commercially at the present time.

Over the southern portion of the county the Niagara limestone
is a rather coarse-grained, yellowish brown dolomite, and be-
longs much higher in the series than the beds exposed in the Wil-
liams quarry. In places it becomes arenaceous and usually car-
ries large numbers of chert nodules. In the vicinity of West
Union the material is often fine-grained, very hard, light gray
limestone, containing a large amount of chert concretions. Near
the northeast corner of section 22 in Union township, the follow-

ing succession of beds is exposed:

WILLIAMS AND DAVIS QUARRY SECTION.
FEET.
8. Limestone, impure, yellowish gray in color, and fine-grained;
no Chert. ... oo 14
7. Limestone, gray colored, very hard, in places showing a tend-
ency to separate into layers eight, three, two, four and eight
inches in thickness respectively; without fossils, and con-

A, Limestone, much .shattered, gray, containing a very large
amount of chert in the form of nodules and irregular masses 13
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Limestone, dense, fine-grained, gray in color, without fossils,
almost free from chert in the middle portion........... ....
Limestone, gray, consisting of layers two to four inches in
thickness, which are separated from one another by bahds
Of Chert. ..o i e
Limestone, fine-grained, gray, in two layers one and one-third
feet and one foot in thickness; containing much chert and
separated by a chert seam........... ........... il ’
Limestone, massive, containing a very large amount of chert
in the form of bands and imbedded nodules...............
Limestone, gray, cherty, in layers three to six inches in
BhICKDESS . o e s

FEET.

2%

434

Number 1 in the above section is believed to be the equivalent
of the upper portion of number 7 in the Williams quarry. The
beds here are not dolomitized save for a few feet near the top.

Small quarries have been opened at other points in Fairfield
and Auburn townships to supply the local demand.
natural outerops are available at many other places.

Good

F1G. 19— Wilkes Williams quarry showing the rough, heavy bedded facies of the Niagara, sec-

tion 22, Union township, Fayette county, Iowa.
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JACKSON COUNTY.

The Niagara limestone immediately underlies the drift over
more than five-sixths of the surface of the county and supplies
the chief rock quarried, for both lime and structural purposes.
All of the beds developed, with the exception of a small area in
Brandon township, belong to the Hopkinton stage. They con-
sist, for the most part, of very heavy layers of sub-crystalline
dolomite ranging from two to eight feet in thickness and imper-
fectly stratified. The basal beds form an almost continuous
outerop along the Mississippiand appear in Van Buren and Fair-
field townships. Good sections appear at numerous points along
the principal streamways in the interior of the county. From
this wealth of outerops only a few quarry sections are given,
however, sufficient to give the general features of the beds and
indicate their availability. The Hopkinton is represented by
a basal yellow dolomite, which is non-fossiliferous and free from
chert. Tt ranges from four or five to ten or twelve feet in thick-
ness. These layers are overlain by the chert beds, which consist
of an earthy yellow dolomite, thinly bedded and interstratified
with bands of chert, and attain a thickness of from eighteen to
twenty feet. The chert beds are followed by the massive, granu-
lar dolomite which constitutes the main portion of the Hopkin-
ton. Tt attains a thickness of from fifty to eighty feet and is
used extensively in the manufacture of lime. The following sec-
tions are fairly representative. A quarry located near the
northeast corner of the southwest quarter of section 20, Iowa
township, shows the following succession of layers:

FEET.
7. Dolomite, decayed, earthy, yellow, containing much chert; the
bedding planes destroyed by the breaking down of the rocks

on weathering........... e e e 10
6. Dolomite, yellow, very cherty, weathering into layers about

one inch in thickness.......... ... ... o oot 3
5. Dolomite, very cherty.........cooo i 2%
4. Dolomite, earthy, with chert.......... ....... ... ... ..., 2
3. Dolomite, yellow, bearing, near the center, a band of chert

two inches in thickness. Weathering into thin layers one

to two inches thick........ ... .. ... ... .. 2%
2. Dolomite, yellow, free from chert........ ... ... ... ... ... 1%
1. Dolomite, yellow colored, rather fine-grained, without chert, ‘

inasingle layer............ ... ... 2

18
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The above section illustrates the basal members of the Niagara
as developed in the county. Numbers 1 to 3 represent the non-
chevty member, and numbers 4 to 7 represcent the chert beds.

Hurst’s lime quarry section east of the river at Hurstville,
shows the upper mermber. The beds are as follows:

HURST’S LIME QUARRY SECTION,
FEET.
3. Dolomite, owewhat decaved, vellowish brown, weathered
into lavers from a few inches to three or four feet thick;
containing Cerionites, crinoids and Pentamerus. ... ... .. 15
Dolomite, massive, yellow, iniperfectly separated into layers
six to eight feet in thickness, which contain crinoids and
Halysites and Favosites besides numerous individuals of
g = ak P 30
1. Dolomite, buff, crowded with rather small individuals of
Pentaomerus oblongus. ... ..o i i 8

w

F16. 20—Quarry furnishing stone for lime burning at Hurstville showing the masaive char-
acter of this phase of the Hopkinton. Jackson county, Iowa.



PLATE XL—A. Hurst Lime Company plant at Pinhool, showing elevated track, kilns and stock house.
facturing plants of the state. Jackson county, Iowa.

A falr representative of the lime manu-
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The entire assemblage of beds is used for lime burning. A
heavy ledge ten to twelve feet in thickness oceurs below number
1 of the section, but it contains chert in such quantities as to
make it unsuitable for lime manufacture.

JOHNSON COUNTY .

The Niagara limestone occupies a small triangular area in the
northeast corner of the county. The two phases of the Gower
stage, well marked in other counties, are represented in section
2 along the Cedar river in Cedar township. The hard, fine-
grained, sub-crystalline, light cream colored dolomite, aggre-
gating twenty feet in thickness, represents the LeClaire beds,
while the massive, vesicular, laminated dolomite, aggregating
forty feet in thickness, is referred to the Anamosa stage.

A complete section of the bluff which faces the Cedar river in
sections 2 and 3 in Cedar township is as follows:

5. Loess, arenaceous, light colored.......... ... ..o ... ... 2-4
4. Drift, pebbly, containing a large number of bowlders from
one to three or four feet in diameter.................... 4-6
3. Limestone, laminated, without definite partings, cherty .. 30
2. Limestone, yellow, non-laminated, in layers from four to
eleven inches in thickness................. . ... .. 10
1. Dolomite, light colored, suberystalline.................... 20

Number 1 represents the LeClaire horizon and is essentially a
pure dolomite admirably adapted for the manufacture of a high
grade of lime. Numbers 2 and 3 belong to the Anamosa beds and
have long found favor with the quarrymen, although the beds
have never been developed extensively on account of lack of
transportation facilities.

JONES COUNTY.

The Niagara limestone series comprises the country rock over
the entire county and excellent exposures may be viewed along
the principal streams. While each stage of the Niagara furnishes
construction materials suitable for some economic use, the Ana-
mosa stage and the evenly bedded horizon near the top of the
Hopkinton, furnish the only building stones of commercial im-
portance, while the hard, sub-crystalline, irregularly bedded Le-
Claire affords an inexhaustible supply of material suitable for
high grade limes.
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The building stone beds of the Hopkinton stage afford.some
excellent material, particularly in the neighborhood of Clay
Mills, Canton and Temple Hill. Near Clay Mills the ledges vary
from three to fourteen inches in thickness. The stone is gener-
ally of good color, it is firm, compact, without laminz, and in the
most trying situations, it resists admirably the action of the
weather. All the exposures of the Hopkinton stage building
stone are unfortunately located, so far as relates to facilities for
transportation. Their only use for many years to come will be
the furnishing of building material to supply local demands.

The commercial quarries are all dependent on the evenly
bedded, finely laminated strata of the Anamosa phase of the
Gower stage. The most important quarries of this phase are
located near the western border of the county in Fairview and
Cass townships. :

The evenly bedded stone in the river bluffs west of Anamosa
early attracted attention. The first extensive use of it was made
by the United States army in constructing military roads while
Towa was yet a territory. Some of the old bridge piers built un-
der the direction of the military engineers, are still standing and
bear conclusive testimony to 'the durability of stone from this
horizon. For some time the quarries were worked on a.small
scale and supplied only a local trade, but the market widened as
the qualities of the stone became better known, and long wagon
hauls were made in order to secure this material for use in struc-
tures of sufficient importance to justify such expensive methods
of transportation. In 1852 stone was hauled from what is now
Stone City to Mount Vernon for use in construction of one of
the first buildings belonging to Cornell College.

Shipments by rail began from this locality in 1859, and after
that time the stone industry of the region increased rapidly.
From supplying a very restricted local trade, the business of
quarrying and shipping stone has grown until it now reaches
markets distributed throughout Iowa, Illinois, Wisconsin, Min-
nesota, South Dakota, Nebraska, Kansas and Missouri. Many
of the most important structures in the several states named
are built of Anamosa stone. It competes in Chicago and Minne-
apolis with the product of quarries more advantageously located,
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so far as distance is concerned. All the important railways of
the northwest have used Anamosa stone in the construction of
bridge piers. The stone has been used extensively in erecting the
shops and other buildings at the Rock Tsland Arsenal. Towa and
Nebraska have both used it in building hospitals for the insane.
It meets the requirements of all grades of architectural work
from the humblest to the highest.

The Anamosa limestone varies locally, but in general if is
composed of evenly bedded, perfectly laminated layers of impure
dolomite that ranges in color through shades of buff to gray on
the one hand, and ahnost white on the other. The beds are
broadly undulating, but may be practically horizontal. The
same beds thicken aund thin gradually, but for limited distances
are essentially parallel faced. The stone splits much more eas-
ily along bedding planes than in other dircetions, although clay
partings are not common. Vertical joints arve few and far be-
tween although more numerous in some quarries than in others.
Texturally the stone varies considerably, from fine-grained,
compact, non-laminuated beds to somewhat vesicular, coarse-
grained and evidently laminated beds. At Stone City the Ana-
mosa beds have an aggregate thickness of sixty feet and are
divided into two nearly equal parts by a porous, worthless ledge.
The lower thirty feet is known as the “‘gray limestone’” while
the beds in the upper half coustitute the ‘“white limestone.”’
The most valuable quarry stone comes from the lower or gray
limestone. The upper beds are imperfectly cemented, and the
cleavage along lamination planes is more perfect than in the
beds below, for which reason the rock in this part of the quarry
tends to split into thin slabs, and long exposure to the weather
reduces it to chipstone. As a conscrnence its range of useful-
ness is somewhat limited, but it gives good service when used
in ordinary masonry. The lower beds, on the other hand, lie
below the level of the ground water, are more perfectly cemented,
and furnish excellent material for almost all kinds of structural
purposes. There are some planes in this division, however,
along which the rock is vesicular, the cavities being of rather in-
definite shape and ranging up to two or even three inches in di-
ameter. Some of these are decorated with crystals of calcite or
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quartz or both. Cherty coneretions are found in the upper lime-
stone. .

The most important quarries are located along the Wapsi-
pinicon in Stone City and vicinity, and along Buffalo creek about
three miles west of Anamosa, where the State quarries are
located. :

StoNE Crty.

Four important companies are operating here at the present
time, as follows:

J. A. Green & Son; H. Dearborn & Sons; J. A. Erickson; and
John Ronen.

All of the quarries exhibit about the same sequence of beds,
and all of the companies have about the same equipment. All
have raillway connections, own and use one or more channelers
(single gang) and a number of steam drills, steam derricks,
pumps for hydraulic stripping, and a crusher plant each to util-
ize the refuse. All of the quarries furnish crushed stone, riprap,
rubble, bridge stone, flagging, and all grades of dimension stone.
Professor Calvin has worked out a detailed section for Cham-
pion quarry No. 1, which fairly represents the distriet and also
classifies the various ledges according to their uses. The section
is given herewith. The quarry was opened by Mr. Green in
1867.

CHAMPION QUARRY No. 1. SECTION.

FEET. INCHES.
26. Loess, varying in thickness, maximum.. .......... 20
25. Fine sand associated with loess, the sub-loessial
sand of Norton.... ... ..o iiiiins cenennnn 2-6
24. Drift and residual clay................... ..o 1

23. “‘Shelly stone’’ the partially decomposed beds of
the upper, or white limestone, broken into tbin

flakesorchips.............. . ... ool 2-10
22. ““White stone’ splitting readily into smooth sur-

faced slabs, used chiefly for riprap......... ..... 16
21. ‘““‘Rotten layer,”” a soft vesicular ledge of poor qual-

ity which separates the gray from the white lime-

SEONE. ... e e 2 4
20. Compact fine-grained ledge, good building stone.. 1 5
19. Same a8 20. ... ottt e e e 1 AR
18. Ledge of good building stone.......................... 11
17. Sameas 8. .. ..t e 11

16. Upper bridge stone, cearse..................o.... 2 6



PLATE XLI—-Champion quarry showing track and derrick arrangements and channeler.

Stone City, Jones county, [owa.
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FEET.  INCHES.
15. Inferior layer containing many small cavities lined

with calcite. ... ... ..o i 10
14. Fine-grained building stone................. ...... 1 1
13. Ledge containing at base a thin layer of very fine-

grained, -compact limestone, which cracks into

angular fragments under the action of frost (the

bands of very fine-grained limestone differing

from the ordinary granular dolomite are called

‘“‘Aint’’ by the quarrymen)................ ... ... L o
12. Ledge with bands of “Aint"".......... ... ....... 1 11
11. Solid ledge of good building stone................. 1 4
10. Compact ledge, best quality afforded by the quarry 1 2
9. “Wavy ledge’’ good for ordinary masonry; the lam-

in® are more or less undulated ...... .......... 23-3

8. Good building ledge...........

7. “Flint ledge,”” compact limestone, breaking into

angular fragments on exposure to weather...... 3-1 4
6. Flagging ledge, easily split........................ 1 4
5. Ledge containing cavities lined with crystals....... 1
4. Ledge of good building stone... ....................... 11
3. Lower flaggingledge.............. .. .o i 2
2. Lower bridge stone ledge, very durable, though

occasionally containing cavities lined with crystals 2 4
1. Ledge that may again be split into blocks conven-

ient for building purposes.......... ............ 3

Below the quarry stone there are here, as everywhere in this
region, massive beds of the LeClaire limestone. The uppermost
ledge of the LeClaire at the Champion quarry ranges from two
and one-half to three feet in thickness and was formerly quar-
ried to a limited extent for use'in heavy bridge piers.

J. A. Green & Son also own and operate Champion quarry No.
2, which was opened in 1866, and they also own a quarry on Buf-
falo creek near the State Quarry.

STONE CITY QUARRIES.

The Stone City quarries were opened by Mr. H. Dearborn in
1869. 'They are now owned and operated by H. Dearborn &
Sons. They are located near the middle of the south half of the
northeast quarter of section 6, Fairview township. The quarry
face forms a long sweeping curve about a quarter of a mile in
length and nearly parallel with the sweep of the Wapsipinicon
river that here flows close to the foot of the bluffs in which the
quarries were opened. The quality of the stone and the succes-
sion of ledges are essentially the same as at the quarries already
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deseribed. Overlving the stone is a bed of loess, sand and drift,
with an average thickness of five feet and a maximum thickness
of fifteen feet. Some six or eight feet of stone at the top of the
quarry are to be counted with the refuse, the beds being broken
into small angular pieces as a result of weathering prior to the
deposition of the superficial drift and loess. These quarries ex-
pose the whole thickness of the ‘‘graystone’ or lower half of
the Anamosa beds, above which are serviceable beds of the
““white stone,’” or upper half, having a thickness of ten or fifteen
feet. The beds are worked out down to heavy ledges of non-
laminated LeClaire. The quarries are capable of furnishing
dimension stone from three to thirty-three inches in thickness,
and of any desired length and width.

ANAMOSA QUARRY.

The Anamosa quarry was the first in this locality to ship
stone abroad, the first shipments by rail being made in 1859.
The quarry was opened by David Graham, but its present owner
is Mr. J. Ronen, who has operated it since 1881. The Anamosa
quarry is located near the northwest corner of the southwest
quarter, section 5, Fairview township. Mr. Ronen’s quarry is
indeed double, for there are two openings a short distance apart.
At the first opening the amount of clay stripping is very small.
Beneath the clay there are a few feet of non-laminated worth-
less rock belonging to the Bertram stage. Then in descending
order there follow fragmentary beds of the ‘‘white limestone,”’
‘“shell rock,”” then the usual succession of ledges down to the
lower bridge laver, or No. 2 of the Champion quarry section.
Owing to the eastward dip of the beds at this locality, the lower
bridge rock at the second Ronen quarry is too low to be worked,
the lowest workable beds being about the level of the ‘‘flint
ledge,”” or No. 7 of the section at the Champion.

STATE QUARRY.

In 1884, the present State quarry, or Penitentiary quarry, was
opened. Formerly the stone for the penitentiary buildings at
Anamosa was obtained from what is known as Champion quarry
No. 2. In the year named the state bought property on Buffalo
creek, in the southwest quarter of section 33, Cass township,
and began operating the present quarry. The quarry is worked



PLATE XLII—John Ronen quarry, showing arrangement of tracks, derricks and crusher plant,

Stone City, Jones county, [owa.
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PrLATE XLIIT—S8tate quarry, Anamosa, Jones county, Iowa.

This quarry is unique amoung the larger quarries of the state in the absence of improved

machinery. All power is hand power.

*XLNOOD SUNOL






JONES COUNTY. 289

altogether by convict labor. Above the stone is a bed of loess
and drift varying in thickness from a few inches to ten or twelve
feet. DBelow the drift there are a few feet of decayed and
broken ‘‘shell rock’” belonging to the upper part of the ‘‘white
stone’” of the Anamosa phase. Lower in the quarry the ledges
present the same features as in -crresponding parts of other
exposures. The Anamosa beds dip strongly to the north to
accommodate themselves to the uneven upper surface of the
LeClaire. Most of the work at this quarry is done by hand.
There are several large derricks for handling the stone, but they
are all operated by hand power. The stone is shipped over a
spur of the Northwestern Railway, which runs up the valley of
the Buffalo and accommodates all the quarries in this part of the
Anamosa stone basin.

Other quarries have been opened in the vicinity, but show no
new features worthy of mention.

In addition to the Anamosa and Stone City district, there are
several small areas where the Anamosa beds are available and
are being developed on a small scale. The two worthy of notice
are near Olin and Iale. The Rummel quarry near Olin in Rome
township may be taken as a type in the district. (Northeast
quarter of the southeast quarter of section 24, township 83 north,
range III west.) The quarry is opened in the low bluff on the
west side of the valley of Sibyl creek. The stone belongs to the
Anamosa phase of the Gower stage, and, except that it is buff
in color, it corresponds well with the ‘‘gray stone,”” or lower por-
tion of the formation as seen near Stone City. There are no
definite bedding planes, but the rock cleaves readily along any
of the planes of lamination. The surfaces of the laminz are not
so smooth and true as they are at the corresponding horizon near
Stone City, but are irregularly undulated, apparently as a result
of wave action at the time the beds were forming. The strata dip
southeast at an angle of 5°.

In quarrying, only the simplest tools are used. Drills, crow-
bars, wedges, picks, shovels and wheel barrows make up the
equipment. The soil or clay overlying the stone is only a few
inches in thickness. For two or three feet below the soil the
beds are broken into chips or spalls by weathering. With better

19
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means for quarrying, the greater part of the exposure would
furnish marketable stone. The present method of quarrying,
however, involves the use of large quantities of powder in a
single blast. Drill holes are filled, or nearly filled, with powder,
and the firing of such a blast loosens up great masses which are
further separated and removed with pick, erowbar and sledges.
The firing of these great blasts shatters the stone badly, render-
mmg much of it worthless, and leaving even the best of it in con-
dition snited for use in only the cheaper grades of masonry.
Were the demand such as to justify the expense of putting in
mproved machinery, stone of high grade for many purposes
might easily be obtained.

Several other quarries have been opened in the immediate vi-
einity but present no new features of importance.

The Hale gquarry located near the center of section 11, Hale
township, three-fourths of a mile east of the village of Hale, may
be taken as a tvpe of the district of the same name. The stone
in the Hale quarry is finer than that in the quarries near Olin,
but it resembles the Olin sione in the uneven, wave-marked snr-
face of the several heds. The stone cowmes practically to the sur-
face, there being only a few inches of soil overlying the upper
heds. For about six feet at the top of the quarry the stone is
much broken and disintegrated, as a result of weathering. Be-
low the weathered portion the rock is solid and shows the char-
acteristic lamination of this horizon. Partings between the beds
are inconspicuous. The flexures of the beds and the dip in all
directions (quaquaversal dip) forming a low dome near the
north end of this quarry, are interesting features. The quarry
supplies local trade only.

Quarries have also been opened south of the town and south
of the river. An enormous amount of excellent material 1s avail-
able, but at the present time is not being utilized.

LIME.

Lime is not made on a commercial scale anywhere in Jones
county, although beds suitable for its manufacture occur abun-
dantly in the Hopkinton stage and the T.eClaire phase of the
Gower. Lime was formerly made at points near Anamosa,
Stone City, Olin, Clay Mills, and Hale. There are LeClaire heds
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near the quarries on the Buffalo, and there are others near Ana-
mosa and Stone City capable of furnishing material for manu-
facture into lime of the highest excellence. At the points named
the facilities for shipping are good. There are many other
equally good exposures of lime burning stone, but they are less
favorably situated with reference to easy access to markets.

LINN COUNTY.

The Niagara limestone includes an irregular strip which
crosses the east end of the county and comprises one-third of its
superficial area. Tongne shaped projections extend up all of
the more important streams, reaching Cedar Rapids along the
Cedar. 'The Niagara presents its usual phases, ineluding lower
heavy bedded, coarse, cherty dolomite now referred to the Hop-
kinton, which is followed by the sub-crystalline, hard, brittle,
often highly inclined beds of the LeClaire and these in turn, sue-
ceeded by the smooth, evenly bedded, gray to buff, dolomitic
layers of the Anamosa phase of the Gower, which are followed in
turn by hard, compact, brittle, magnesian limestones, which
Norton has designated the DBertram, and which complete the
series.

Practically all of the important quarries in the ecounty are
operating in the Anamosa beds which are typically developed at
Stone City, while the lime producers are developing the LeClaire
beds. A wealth of exposures occurs along nearly all of the prin-
cipal streams. A few only, are given by way of illustration.
The sections already given for Stone City and vieinity, may be
taken as a standard, as the beds are more extensively exposed
and developed at that point than at any point in Linn county. At
Mount Vernon practically the same beds appear and differ only
in being of slightly coarser grain. The quarries are connected
by a switch with the main line of the Chicago and Northwestern
railway and are equipped with a steel derrick, cars, trackage, an
inclined plane to a No. 3 Gates crusher and the usual number of
elevators, screens and bins. The quarry section shows the fol-
lowing sequence of layers:
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. MOUNT VERNON SECTION.

. . FEET.

4. Soil, loess and Arift. .. .. ... .. 0-10
3. Limestone, dolomitic, weathered to spalls and chip-stone... 6-8
2. Limestone, dolomitic, in layers up to eight inches in thick-
U 3-5
1. Dolomite, in layers ranging from six to thirty-six inches in
thickness, aggregating, exposed.............cioiiiinan 12

The pit is filled with water at the present time so that number
1 is obscured very largely. The property is in litigation and the
quarry has not been operated save in a very small way during
the past few years. Stone suitable for bridge work, caps and
sills, dimension and cut stone purposes is available and equal in
quality to any produced from the Niagara in Towa. ‘Other quar-
ries have been opened in the district, some of which are still
operated intermittently.

Splendid sections of the Anamosa stone may be viewed along
the Wapsipinicon northwest of Stone City. Several quarries
have been opened at Waubeek and vicinity, but owing to the
lack of proper transportation facilities, stone is produced to
supply the local demand only. The beds available are essentially
the same as those exploited at Stone City and are as easily
accessible.

LIME.

The LeClaire limestone supplies all of the lime burned in the
county. Kilns have been built and operated at Viola and Mount
Vernon, but recently only the plant at Viola has been in opera-
tion and even that only intermittently. The Viola Lime Com-
pany is developing the highly inclined beds of the LeClaire,
which attain a thickness of about twenty feet and rest on heavy
beds of dolomite which are practically horizontal. The upper
beds only are used for lime and consist of a hard, brittle, sub-
crystalline dolomite which is only slightly vesicular. The com-
pany is using the Eldred process of manufacture and uses
Hocking Valley coal for fuel. The lime produced is one of the.
best in the state.

SCOTT COUNTY.

The Silurian rocks in Scott county belong to the Niagara se-
ries and form the country rock over the northern two-thirds of
the county. The lowest stage of the Niagara, the Hopkinton,
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has not been recognized in the county and all of the Silurian
limestones are referred to the upper stage, the Gower of Norton.
Exposures of the Gower oceur in all the townships north of a line
extending from Valley City slightly northwest to about five
miles north of Durant, save in Sheridan and Lincoln townships
where the drift completely conceals the country rocks.

The two distinet lithological phases of the Gower are well
shown in the county. The pure, hard, sub-erystalline dolomite,
free from chert and especially adapted to the manufacture of
lime, is known as the LeClaire from its occurrence at the village
of that name. The upper beds, comprising light buff, vesicular,
evenly hedded dolomite, are generally known as the Anamosa
stone.

A distinguishing characteristic of the LeClaire rocks is the
absence or abnormal disposition of its bedding planes. It often
apparently occurs in large monnds in which scarcely a trace of
stratification is visible. Such an example mav be seen at
Schmidt’s lime quarry south of Dixon. The LeClaire often
exhibits false bedding on gigantic scale; the beds being inelined
from zero to 40 degrees. The dip is exceedingly inconstant,
varying both in inclination and direction in short distances.

The Anamosa beds are intimately associated with the Le-
Claire, and usually lie in even and horizontal or slightly undulat-
ing layers. Chemically the Anamosa stone is a dolomite, differ-
ing in its constituents from the LieClaire in the larger per cent
of the impurities present. In Scott county the stone runs in
even parallel courses, whose thickness depends largely upon
weathering. Layers from eight to twelve inches are the most
common anc blocks can be taken out of almost any dimensions.
The Anamosa beds are generally laminated, but grade down-
ward insensibly into the LeClaire by the lamination planes be-
coming obscure, and the stone hecoming sub-crystalline. By
another type of lithological variation the rock becomes hard
and compact with a sub-conchoidal fracture, resembling the
lithographic phase of the Devonian. These layers are often
termed ““flint”’ by the quarrymen, altlhiough destitute of silica.

Outerops of both the LeClaire and Anamosa are generally
distributed along all of the principal waterways. Numerous
quarries have been opened, but with a few exceptions they are of
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local importance only. A few typical exposures are given below.
The LeClaire beds are exposed and have been quarried on sec-
tions 13, 14, 15, 18 and 22, Liberty township, and section 5 in
Cleona township, in the west end of the county. The beds range
from twelve to thirty feet in thickness and show the usual Le-
Claire characteristics. The LeClaire also occurs in section 7,
Allen Grove township, where it has been burned for lime for
more than a half century, and at a number of points near Big
Rock. It occurs and has been quarried near Princeton and Le-
Claire. ‘

The Anamosa beds have been developed extensively in the
vicinity of Princeton and LeClaire. North of the latter place
the LaClaire Stone Company has opened and is operating the
largest quarry in the county. The quarry is connected with the
Towa and Illinois railway.

The beds exposed are as follows:

LECLAIRE SECTION.

FERT.

8. Loess and drift, thickness variable............ ..c..cn... 0-10
7. Limestone, buff, dolomitic, much weathered, thinly
bedded and often almost clayey in appearance... .... 10-30

6. Dolomite, cavernous, most vesicular layer in the quarry,
hard and brittle, sub-crystalline; some of the cavities

contain erystals. ....ouve ittt it 5-6
5. Dolomite, thinly bedded and much weathered in places; -

often hard and brittle and bluish when fresh... ...... 4
4. Dolomite, heavy bedded, somewhat vesicular and ir-

regularly indurated........... ... .ol i 2

Spring line here.
3. Dolomite in remarkably even beds and very soft when
first quarried. The best dimension stone in the quarry;

In SiX JAyers. ... .oui vt e 6
2. Dolomite, in heavy heds, upper portion shows a tendency

to split irregularly; brittle............ ..o it 6
1. Dolomite, thinly-bedded, cavernous in places, exposed 4

The quarry is equipped with steam drills and derricks and an
Austin crusher plant. The stone is carried from quarry to cars
and crusher by means of derricks and very little trackage is
required. Three sizes of crushed stone, in addition to the dust,
are put upon the market. The quarry also supplies rubble and
riprap and all sorts of dimension stone.



PLATE XLIV—General view of LeClaire Stone Company quarry, near LeClaire, Scott county, lowa, The handling of material is done by derrjcks alone,
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The Anamosa beds here dip toward the northwest at a low
angle.

‘Other quarries have heen opened near LeClaire but show no
new features. The beds developed are usually less regular than
those just described. Of the large number of quarries which
have been worked from time to time in the vicinity of Princeton,
only one is given here. Several quarries have been opened at
the base of the high bluffs which skirt the valley of the Wap-
sipinicon, northwest of the town of Princeton; one of the most
extensive is located on the northwest quarter of section 34,
Princeton township. The succession of beds is as follows:

FEET.

5. Superficial deposits resting on unpitted rock surface.......... 2

4. Limestone in thin layers, mostly from 2 to4 inches thick, a few
reaching 8 inches, and some consisting of thin calcareous

3. Limestone, close, granular, slightly harder and more brittle
than typical Anamosa stone, in even, horizontal courses from
6 to 20 and 24 inches in thickness, bufl in color, with few
cavities and smooth surfaced, including a foot or so of thinly

laminated “Hiney’” limestone...... ... ... .. o 14
2. Limestone in Jayers from 2 inches to 18 inches, semi-crystalline 7
1. Limestone in thin, gray, crystalline, calcareous plates......... 5

Beds intermediate in character between the Anamosa and Le-
Claire beds, =upply an abundance of quarry stone. Small quar-
ries have been opened in Liberty, Cleona, Butler, LeClaire and
Pleasant Valley townships.

These intermediate heds are buff, non-laminated, regular and
heavy. They are generally highly vesicular, and often sub-
crystalline. A representative section may be seen in a small
quarry on the northeast quarter of section 1, in Liberty town-
ship. Natural ledges, ageregating twentv or thirty feet, appear
along the gorge of the Wapsipinicon and show an earthy dolo-
mite in massive heds np to three feet or more in thickness. The-
stone 1s non-laminated and is sub-crystalline in places. The
bedding planes are rough and cavities of considerable size are
present. In Cleona township a quarry located on the northwest
quarter of section 7 shows the following succession:
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FEET.
4. Limestone, magnesian, horizontally bedded, brown, semi-
crystalline, weathering into small chipstone, with one or two
6-inch layers more resistant.......... ... ... ... ... ... .0e... 9
3. Limestone, magnesian, light gray, laminated, earthy, in places
vesicular, more thinly beddedfthan above, passing in places
into thin beds. This includes a distinct layer of buff mag-

negian limestone 1 foot thick. ... ... ... .. ... .. ... ... . ... 6
2. Limestone, magnesian, gray, irregularly bedded, thin layered,

weathering to small, sharp angled chipstones............... 6
1. Limestone, magnesian, brown, earthy, ocherous, in thicker

beds than above, partly cemented........ ... ... ........... 3

Similar but less extensive sections may be viewed at numerous
points in the northeastern townships.

WINNESHIEK COUNTY.

Several small outliers of the Niagara limestone appear in
Washington township and are believed to be the northernmost
outerops of that formation in the state. The stone commonly
representing the Niagara here is a yellow-buff, dolomitic lime-
stone. Some of the layers exposed in an old quarry west of
Festina comprise a hard, buff, sub-crystalline dolomite com-
parable with typical Niagara -dolomites exposed farther south.
The beds are of small imporfance and have heen but little de-
veloped in Winneshiek county.

The Devonian.

The Devonian as developed in Iowa comprises a rather diver-
sified assemblage of limestones and shales. The latter are of
interest as a guarry produet only so far as they are suitable
for the manufacture of Portland cement. The limestones vary
greatly in composition, texture, state of induration, thickness
of beds and weathering qualities. They range in composition
from a pure caleium carbonate as in the white, compact, brittle
limestones, developed in Cerro Gordo and Mitchell counties, to
tyvpical granular dolomites, and argillaceous limestones. They
range textuvally from rather coarse sub-crystalline limestones
and dolomites to compact lithographic stone. The range in
state of induration is equally pronounced, from hard limestone
which gives a metallic sound when struck with the hammer to
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soft, earthy limestone. In certain horizons the beds are thin
and flaggy while in the ‘‘State Quarry’’ tvpe, the beds attain
thicknesses of five or six feet. The beds in the so-called Fayette
sub-stage are much broken or crushed and are practically worth-
less for coursing stone. All of the divisions of the Devonian
furnish some quarry stone, though the most important horizons
are found in the Wapsipinicon, Cedar Valley and State Quarry
stages. In all three of these stages, deposits ranging from hard,
brittle limestones to dolomites prevail and afford excellent ma-
terial for erushed stone purposes.

The Devonian beds occupy a belt varving from twenty-five to
seventy-five miles in width and extending across the state in a
northwest-southeast direction. The belt is inclnded between
Worth to Howard counties on the north and Muscatine and Scott
on the south. The most important quarries belonging to the
‘Wapsipinicon stage occur in ‘the southern portion of the area;
the Cedar Valley stage is quarried throughout, but perhaps
most extensively in the northern portion while the State Quarry
stage is limited to Johnson county. Detailed descriptions follow
by counties.

BENTON COUNTY.

All of the outerops of indurated rocks in the county belong
to the Devonian. All of the important sections are found in the
northeast third of the county, along the Cedar river and its
immediate tributaries. The best quarry rock belongs to the
Coggan beds which are at the base of the Devonian series as
exposed in Benton county. Good exposures of these beds are
practically limited to Cedar, Harrison and Taylor townships
where they have been exploited at a number of points. The rock
is essentially a highly magnesian limestone, very hard and fine-
grained and yellowish in color, 1mperfectly bedded and uon-
fossiliferons. These dolomitic beds outerop low in the bluffs
and are overlain by breceiated limestone belonging to the Fay-
ette sub-stage. Near the southwest corner of section 31, Harri-
son township, a representative exposure may be seen. The
quarry operated by Aungst Brothers is in the west bluff of the
Cedar river and shows the following beds below the drift:
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FEET.
2. Limestone, brecciated, gray; the angular fragments usually
small and very fine-grained in texture, non-fossiliferous..... 20
1. Limestone, buff, magnesian, massive ledge which is fine-
grained, imperfectly separated into layers one to two feet in
thickness, non-fossiliferous.................. ... .o .l 12

Similar exposures are to he found in section 36, Cedar town-
ship, and section 6, Taylor township. The beds have been quar-
ried at both places. The brecciated beds have been developed at

" several points in addition to those just mentioned, notably on the
south bank of Prairie creek, near the northeast corner of section
10, Taylor township, where the following succession of beds may
be studied:

6. Soil and driit of variable thickness...........................
5. Limestone, shattered, light gray, fragments irregular in size

and shape.... ... o i 8
4. Talus Slope. ..o e 12
3. Limestone, light gray, in broken layers from three to six or

seven inches inthickness............ ... .. ... ... . .. 1%
2. Limestone, gray, made up of imperfect layers two to eight

inches in thickness......... ... ... o it 4

1. Limestone, light gray, a rather massive bed which is cut by
numerous oblique joints into rhomboidal blocks, some of
which are slickensided; material weathers readily into small,
irregular fragments....... ... ..o il i e 8

Some years ago the above quarry was operated by the Iowa
Paint Company of Vinton. Number 1 was pulverized and used
as a basis in the manufacture of paint. The company has since
moved 1ts plant to Fort Dodge, lowa. In Benton county, as
elsewhere, the brecciated stone is imperfectly bedded and only
rough, irregular blocks can be obtained. It is suitable only for
rough masonry and crushed stone purposes. At the present time
there is not a single crusher in the county and as a consequence,
the brecciated beds are not in demand.

A large percentage of the stone produced in the county comes
from the beds of the Cedar Valley stage. While the grade of
stone furnished by these beds is not equal to the stone lower in
the series it is suitable for foundations for ordinary buildings,
for walling up dug wells and for retaining walls.. The stone
has been used to some extent for bridge work with fair results.
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F1g. 21-Exposure in an abandoned quarry, section 15, Taylor township. The dcervularia
davidsont coral reef appears at the top. The view shows the character of the layers
between this coral reef and the zone of Acervularia profunda.

Near the county line a quarry has been openéd a short distance
below the bridge and near the northwest corner of section 6,
Harrison township. The layers exposed are as follows:

FEET.
12. Dark colored, fine-grained, pebbleless soil.................. 1
11. Bed of reddish brown clay, containing numerous pebbles of
. quartz and greenstone with occasional granite bowlders of
larger SiZe. .. .. e e 2
10. Layer of much decayed fragments of brown limestone; with-
out fossils. ... 3
9. Bed composed of two layers of yellow, earthy limestone, each
about eight inches in thickness, fine-grained and without
F08SIlS . oL e 1%
8. Bed of gray limestone which weathers into thin layers about
one inch in thickness; without fossils..................... 3

7. Layer of very hard, earthy limestone, yellow in color and fine-
grained in texture; fossils wanting....... e e
6. Bed made up of layers of buff, earthy limestone two to six
inches in thickness, which are fine-grained in texture and
non-fossiliferous............... .. .. e e 33

lor
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FEET.
5. Layer of yellow, impure limestone which weathers into indis-
tinct layers three to six inches in thickness; without fossils 13
4. Layer similar to'number 5 above.................... .. ... 2
3. Yellowish hrown-layer of fine-grained, impure limestone;
carrying occasional concretions of chert which are most
numerous adjacent to the division planes................. 2%
2. Layer of variable, impure limestone, fine-grained and very
hard. Near the base of this layer chert nodules are abun-

1. Bed made up of two layers of buff, earthy limestone in which,
at irregular intervals, occur bands and numerous masses
of chert; without fosgils; to base of the exposure which is
about four feet above the level of the water............... 4

The layers in this quarry are cut by numerous, oblique joints
which divide the ledge into large rhombic masses. The material
of which the beds are composed is mostly a fine-grained, earthy
limestone. Many «of the layers are strongly magnesian, and
some of them are so thoroughly dolomitic that they respond but
slightly to the application of cold hydrochloric acid. The en-
tire ledge is regularly bedded, and furnishes quarry stone of
convenient dimensions and durable quality.

Similar sections may be seen down the river, and quarries
have been opened at several points on-both sides of the stream.
Near the northwest corner of section 27, Taylor township, a
quarry has been opened in the east bank of Mud creek. The
beds exposed are as follows:

VINTON SECTION.

FEET.
10. Soil, dark colored, fine-grained and without pebbles......... 3
9. Gravel and sand stained a reddish brown color.............. 2
8. Limestone, composed almost wholly of coral fragments...... 5
7. Limestone, hard, gray, weathers into thin pieces, crinoidal... 3
6. Limestone, light gray, very hard, which weathers into layers
ranging from four inches to a foot in thickness...... ...... 6
5. Limestone, gray, very hard, composed largely of brachiopod
fragments. ... ... e e 1%
4. Limestone, similar to 5, but finer textured................... 13
3. Limestone, drab, similar to number 8, but less compact...... 1

2. Limestone, white, fine-grained; shows a bluish tinge in a
fresh ledge, cherty, much shattered and weathering into
thin Ly eI . e i 2
1. Limestone, very hard, cherty and crinoidal............... ... 14
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The lower two numbers are supposed to belong to the bree-
ciated stage and are equivalent to number 1 in the old quarry
of the JTowa Paint Company. In the above section they are hard
and the most durable stone that the quarry produces. It is
used extensively in Vinton. In addition to the lower beds, num-
bers 4 to 7 furnish an acceptable material for foundations and
the rougher grades of masonry.

On the south bank of Bear creek near the middle line of
section 14, Canton township, a quarry shows the following beds
which may be considered representative for this part of the
county.

SHELLSBURG SECTION,

FEET
9. Soil, dark gray, without pebbles or bowlders................ 14
B DI e e 2
7. Limestone, much decayed.......... ... ... . il 3
6. Limestone, coralline............cooiit it 24
5. Limestone, light gray, weathers into chipstone............... 1%
4. Limestone, gray, hard, in places forms a single ledge, fossilif-
13 1 4
3. Limestone, dark gray, two ledges of about equal thickness... 34
2. Limestone, similar to 3, but shelly.......... ................ 1
1. Limestone, in three layers............ ... .o iiiiiiiaiin., 4%

East of north of the Shellsburg quarry on the Cedar river,
Wild Cat bluff presents an escarpment of more than forty feet
of limestone. Nothing especially new is developed however.

Away from the river, westward, quarries have been opened
on section 8 in Cedar township, and section 28 in Jackson town-
ship, near Garrison. The latter is the more representative and
is given below.

GARRISON SECTION.

9. Soiland drift.... ... e e e 5

8. Limestone, light gray, sub-crystalline, very hard, and some-
what brecciated, containing numerous spherical stromato-
POLOIAS .« ottt e e e e e, 3

7. Limestone, gray, massive, dense, composed largely of various
species of stromatoporoids and masses of Idiostroma-like
stems, few of which can be recognized. This bed 1is also

somewhat brecciated in places.................... ... ... 6
6. Limestone, bard, gray, weathers into two indistinct layers,
and containg masses of spherical stromatoporoids.......... 34

5. Limestone, very hard, white, sub-crystalline; without fossils.. 14
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FEET
4. Limestone, yellowish gray, non-fossiliferous, fine-grained and
very hard. The upper portion bears numerous =mall cav-

ities, the largest ol which are nearly one inch in diameter. . 4
3. Limestone, dense, gray, fine-grained and very resistant to

weathering; without fossils. ... ... o oo oL PR 34
2. Limestone, composed of several layers, very hard, fine-
grained, white in color and_ without fossils. The layers are

six to fifteen inches in thickness. ... . ... ... . ... .. .. . 54
1. Limestone, bed made up of two layers, yellowish brown. The

material is fine-grained, and contains no fossils....... .. ... S0

The upper and middle beds in the ahove section more closely
resemble the beds of the Cedar Valley stage as developed in
other counties, notably, Johnson county to the south, and
Mitehell, Floyd, and Cerro Gordo, to the north. While an abun-
dance of stone erops are available, and numerous quarries have
been opened in times gone by, none of the quarries now in opera-
tien are of more than local importance as no stone is exported.

LIME.

Iiime has been manufactured at several points in the county
but at the present time only one kiln is operated and that inter-
mittently. The magnesian beds of the Coggan are used and a
good grade of lime is produced. The entire output is consumed
at home.

BLACK HAWK COUNTY.

With a single exception all of the indurated rocks which ap-
pear at the surface in the county may he referred to the Cedar
Valley stage of the Devonian. A very insignificant natural ex-
posure of Wapsipinicon beds, according to Arey, appears along
Spring creek, on the northwest quarter of section 13 in Fox town-
ship. It is of no importance from an economic view point. The
Cedar Valley limestone presents numerous outerops along the
principal drainage lines, and quarries have been opened at many
points. None are of large capacity and but few are ambitious
to supply more than their own immediate localities. The prin-
cipal quarry districts are in the vicinity of Cedar Falls, Water-
loo and Laporte, while some quarries of secondary importance
near Raymond, and two quarries about three miles east of
Eagle post office supply the country trade. '
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For the Cedar Falls district the Nielson quarry may be taken

as a type.

It is located west of Main street about one-eighth

mile west of the old Carpenter quarry. The principal beds ex-
posed are as follows:

15.
14.

13.

12.

11.

10.

2.
1.

Limestone, firm, yellowish, with intermingled ‘‘geest’’.....
Limestone, lithographic, somewhat nodular, more or less
weathered and inconstant............. ... ool
Shale, yellowish clay, with interbedded hard ledges in places,
very variable in thickness, averaging.....................
Limestone in three layers, finely laminated, fine-grained and
smooth, slightly iron-stained, 6, 2 and 10 inches respectively
fromtopdown.. ...
Limestone, variable, sometimes splitting easily into layers,
sometimes firm and even textured, finely sub-crystalline,
with earthy streaks, rusty in patches, crystals in pockets
and calcitic sheets intersecting one another, making pitlike
areas along the-joint planes, averaging...................
Limestone, fine-grained, bluish gray, with occasional patches
of crystals, quarried in sheets, and used for window and
door sills and caps, and ashlar................ ... ... ...
Bluish gray stone of good quality, grading into a shaly
parting below. ... .o o i
Limestone, gray, finely brecciated, with seams of crystals
below, upper part yellowish, earthy. If quarried in cold
_ weather, it is reduced to fragments readily, but, if dried
out before freezing, it makes a durable stone.............
Limestone, firm, fine-grained, bluish gray, with occasional
pockets of crystals, in two layers. Makes an excellent
range stone. The lower layers yield fine large flags.... ...
Limestone, uniformly fine-grained, yielding flags...........
Limestone, heavy-bedded, shelly on the under side, abound-
ing in crystals, bluish gray.............. ... ... .
Limestone, fine-grained, more or less streaked or banded. ..
Limestone, light colored, becoming still lighter in color
below, often weathers in a remarkable way, yet makes a
durable stone, when it has been dried out................
Limestone, yellowish, full of pockets.......................
Soft, chalky stone, exposed.

Numbers 1 and 2 are no longer worked.

13

13

1y
1%

14

North and northwest of Cedar Falls, there are no important
rock exposures. Limestone outerops at numerous points on both
sides of the Cedar river and doubtless good structural materials
might be developed at small expense should the demand warrant

it.

20
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North and northwest of Waterloo, quarries have been opened
in the well marked stone-supported terrace which faces the Cedar
river. The most important section may be seen in the quarry
of the Waterloo Stone Company, which is located on the
northwest quarter of section 14, township 89 north, range XIII
west. The beds worked at this point are as follows:

WATERLOO STONE COMPANY’S QUARRY.

FEET.
8. Detritus and wash... ... .. . L 6
7. Limestone, hard, dolomitic, sub-crystalline........... ... .. 1
6. Limestone, weathered, yellow.......... ... . ... .. 1
5. Limestone, heavy bedded, gray-blue, cherty toward the top.. 12
4.  Limestone, blue, thinly bedded, slightly argiltaccous......... 3
3.  Limestone, buff, concretionary, with numerous cherts........ 3
2.  Limestone, grav-blue, snb-crystalline, cherty, weathers buff.. 3
SEATB DATEING - cosic oo st tinm s isii €66 5 v e v e e b3
1. Limestone, buff to yellow, exposed.... ... ... ... ..., 2

All ol the beds tend to weather into thin layers and weathered
surfaces present a decidedly shattered appearance. Number 3

appears to hreak down especially easily when subjected to re-

peated freezings and thawings. The cherts are small and more
or less irregularly distributed throughout the entivre mass. The

joints are stained a brownish vellow and all of the quarry rock
fends to weather the same color on long exposure.

Two samples of the rock from the MeWilliams-Mowry quarry
were analyzed and found to be strongly magnesian. The an-
alyses were as follows:

1 2
Insoluble. ... ... 1.92 ...,
Iron and alumina.............. oo 4.20 ...
Calcium carbonate........ ... ... i 63.59  .....
Magnesiunm carhonate............ ... ... ... L 30.92 12.18
Sulphur....... A Trace  .....

Number 1. Blue unweathered limestone.
Number 2. Yellow liniestone.

In Laporte and vicinity a large number of quarries have been
opened and operated intermittently for many years. The prod-
web 1s sold and was formerly reported in the mineral statistics
as ‘“Lia Porte Sandstone’ on account of its sugary or sub-
erystalline character.
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A quarry located along the wagon road about one-half mile
northwest of town will serve as a type for the district. The beds
exposed are given herewith :

Drift and soil; some of the quarries in the near vicinity show
a muuch thicker overburden............ ... ... L
Limestone, considerably shattered; stained yellow to brownish
yellow; bedding planes disappear upward.................
Limestone, brownish yellow to buff, irregularly bedded,
quartz geodes and chert nodules present
Limestone, grayv-blue, presents a granular appearance; in
medimin heavy beds ranging from 15 to 24 inches: joints
weathered a yellowish hrown, fossiliferous; caleite balls and
geodes commaon

FEET.

10

The beds dip to the sonthwest at an angle of about five de-
grees and appear to thicken down the dip. They appear to be
strongly magnesian, especially the lower beds, which are sub-
crystalline.

Quarries have been opened on either side of the Kagle-Big
Creek township line near the middile.

The quarry west of the

line is the more extensive and is as follows according to Avey:

13.
12

11.

10.

&L w0

-1

Ao}

.

(o)

EAGLE TOWNSHIP QUARRY.

Limestone, thin-bedded, broken stone

Litsestone, in two layers, blue where unweathered.....0 ...
Limestone, in three layers, hard, compaet, good quality,
durable, brittle, having econchoidal [racture, with drab
nodules of varying sizes, and in the upper part with strom-
atoporoid masses thoronghly coalescent with the rest of the
OB e R R e BB R A - < - - -« -« PIAT R o AR T -
Limestone, bluish, earthy, much jointed and irregularly
Be@dB. ..o caci s e i e e i e e
Limestone, dark, drab, caleitic at top...... ... .. ...
Limestone, blue, bufl where exposed, calcite plentitul, in
seven or eight layers. . ... ... ... ... ..o
Limestone, drab. ... o
Limestone, buff, earthy, finely streaked with yellow lines. ..
Shaly partings with very wavy lines of contact above and
below. oo
Limestone, hard, brittle, drab, middle portion developing

lavers. .o oo e PRI A e e e e e
Limestone, blue, of good quality, firm, finely crystalline,
with pockets of crystals, thickness not taken..............

Limestone, gray, finely sub-crystalline, yielding good flags..
Limestone, gray, somewhat crystalline, fractore coarsely
conchoidal, of good quality...... ... ..o oL

FEET.
7

44

Ut

—
o

—
v

)
e

[
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This quarry and its double east of the township line supply
the southwestern portion of the county with foundation stone.
Quarries have also been opened in the vicinity of Raymond in
section 36, township 88 north, range XII west. Their chief
interest comes from the fact that this is one of the classic sec-
tions in the correlation of Devonian deposits in Iowa and not
on account of its economic importance. The quarries have been
but little worked for many vears and the sections are much
obscured.

LIME.

Black Hawk, like numerous other limestone counties, produced
lime to supply its own needs in its early history when wood was
cheap and transportation facilities poor. The industry was never
of more than local importance and has long since been aban-
doned, although the sub-ervstalline beds at Laporte and other
points would undoubtedly produce a good grade of lime.

BREMER COUNTY.

The Wapsipinicon and Cedar Valley stages are well repre-
sented in Bremer county. Beds of the latter age are supposed
to occur immediately beneath the drift over more than five-
sixths of the county, while known outcrops of the former are
limited to points along the Cedar river from Janesville to Wav-
erly, and along Quarter Section run and Baskin ereek southeast
of Waverly. The best section available appears in the southeast
quarter of the southwest quarter of section 20, township 91
north, range XIIT west. The beds exposed are as follows:

6. Limestone, massive, in one undivided layer “weathering to e
gcorinceous surface in places and in other places to smooth
surface. Color mottled, prevailingly a light brownish drab,
weathering to lighter gray, slightly vesicular, fractore un-

Lo U 4

5. Limestone of same facies as above in layers of about eight
mehes. ..o 2

4. Comcealed... ... ..o e 15

3. Limestone similiar to Nos. 5 and 6, but in separable faminze 1
2. Cherty sandstone; in layers from four to six inches thick,
chert fragments angular, small, those of an inch and one-
half being rare, sand fine, of moderately well rounded
grains of clear quartz and of minute, angular grains of
cryptocrystalline silica, cement calcareous. Not seen in
place but scattered in slabs over a slope of ... ... ... ... 5
1. Niagara limestone, exposed a few rods down stream........ 8
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The limestones are essentially pure as evidenced by the an-
alysis given herewith:
Silica (S10a) oot e e .71

Ferric oxide (Fe.0,) } 46
Alumina (ALLOg) J roresmr s sm e e .
Calcium carbonate (CaCOa) ......... ... il 96.57
"Magnesium carbonate (MgCO4) ... vt 1.80
Combined water (HoO) ... oo e .51
100.05

The Wapsipinicon beds are not worked to any noteworthy
extent at the present time. The Cedar Valley on the other hand
is being or has recently been quarried at four leading localities,
Janesville, Waverly, Frederika and along the Cedar river north
of Plainfield. With a single exception the individual quarry
output is small. The sections given below will afford a fair idea
of the potential wealth of the county in structural materials.
The beds developed in Mores’ quarry located on the left bank
of the Cedar in the town of Waverly are as follows:

MORES' QUARRY SECTION, WAVERLY.

FEET.
3. Limestone, yellow, fine-grained, non-fossiliferous so far as

observed, heavily bedded, crossed with close diagonal joints
containing numerous geodic cavities up to six inches in
diameter lined with dog-tooth spar, and concretionary balls
marked with reddish concentric ferruginous stains......... 10
2. Limestone, vellow, argillaceous, weathering above to calca-
reous plates one-half inch and upwards in thickness; below
more massive, weathering to irregular chipstone, geodifer-

ous, sparingly fossiliferous..... ... ... ... .. .l 8
1. Limestone, yellow, hard, tough layers up to four feet thick,
fossiliferous; to flood plain of river.................... ... 10

FExtensive cuts along the Chicago Great Western railway one-
half mile east of the station, show a yellow, profoundly decayed
limestone. Underneath is a soft, buff, massive limestone con-
taining numerous geodes. It is strongly dolomitic as indicated
by the following analysis:

Silica (S102) .. .v v e e, 9.07
Alumina (AL Og) . e 2.16
Ferric oxide (Fe,03) .ot vre e e e 1.21
Calcium carbonate (CaCOy) ... ... i s 51.64
Magnesium carbonate (MgCOy,) . ... . i 34.99
Combined Waber. ... . ... ..t v e e e .64
MOTBEUT. . . oot i e e e e s .29
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The most important producer of quarry products is the Cedar
River Stone Company, whose plant is located on the (Cedar
river one and one-half miles southeast of Waverly and is con-
nected with the ("hicago Great Western railwayv by a short spur.
The gquarry pit and hillside show the following beds:

FEET.
5. Stripping, limestone, light gray, soft, broken by the weather
into layers from 2 to 4 inches thick, fossils rare............ 9
4. Limestone, dense, hard, tough, yellow-gray, lowest layers
about 3inches thick, divided by diagonal joints and bedding

planes into rhombic blocks 1 to 4 feet in diameter.

Occasional geodic cavities an inch or so in diameter lincd

with drusy calcite ave present; fossiliferous................ 25
3. Concealed .. .. o 12
2. Breccia of Wapsipinicon stage, hard and dense.............. b
1. Concealed to water’sedge.... ... i 3

The quarry has been developed to a depth of about thirty
feet. The stone presents a clean, sub-conchoidal fracture, is
almost impervious and carries but little clay. It is considerably
fissured, the openings are often large and filled with a clay of
putty-like consistency of gray to gray-blue color when freshly
exposed but iron-stained where weathered. The quarry drains
directly into the river. At present there is but little stripping,
the removal of which is done by hand. The guarry is ideally
located for the installation of a hydraulic plant for removing
the overburden.

Practically the entire product of the quarry is crushed stone
of excellent quality. An elahorate system of tracks connects
the different parts of the quarry to the foot of the incline lead-
ing to the crusher. The stone is loaded into side dump cars of
about one and one-half yards capacity, and these are trammed
by hand to the foot of the incline where they are raised to the
floor of the crushers by an Austin friction hoist. The rough
quarry stone is dropped directly into the hopper of a number
7l% Austin gyratory crusher. The crushed stone is hoisted and
delivered to a cylindrical screen where it is separated into dust,
middlings and large, the oversize returning to a number 5 Aus-
tin crusher for further reduction, after which it is discharged
directly into the crushed product from the large crusher. The
plant is supplied with ample storage bins and side tracks. Rail-
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Prate XLV—Quarry and crusher plant of Cedar River Stone Company, near Waverly, Bremer county, Iowa. The quarry stone is brought to a plat-
form at oot of an inclined plane leading to crusher. The irregularly bedded stage of the Devenian i well shown in the quarry.
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way track scales are installed below ithe chutes leading from
storage bins. Power is supplied by a dismounted railway loco-
motive boiler and a 125 horse power, slide valve engine. The
power is transmitted by a single line shaft and comparatively
short belts. The entire equipment is well housed and the plant
is one of the largest and most up-to-date plants in the state.
North of Waverly the limestone outerops at numerous points
on both sides of the river to the north county line. On the
southwest quarter of section 16 in Lafayette township the fol-
lowing beds may be made out:
FERET.

3. Limestone, light brown, weathering to drab, hard, ringing,

unfossiliferous, laminated to plates one-half inch thick .... 8
2. Limestone, magnesian, soft, buff......... e e e 10
1. TUnexposed to flood plain of river............................ 5

North of Plainfield, several small quarries have been opened.
Seven feet of buff, compact, magnesian limestone, in layers from
six to ten inches thick, and containing irregular concretions,
have been quarried. The beds are thin and argillaceous for a
few inches at the top. An analysis has been made of the rock
quarried in section 8, with the following results:

Silica (Si0z)........... e e e e e e e 3.28
Ferric oxide (FeaOg) oo e e 1.61
Aluming (Al20g) oo e e e .51
Calcium carbonate (CaCOg)...ovevien it ieee. ... 5523
Magnesium carbonate (MgCO3) . ..ot ot 39.03
Combined Water. .. ... oivt it i e e i .23
Hygroscopic water.. ... ..o i i i e .16

100.05

East of the Cedar river and immediate vicinity the country.
rock is deeply covered with drift, and the only exposures of the
indurated beds are in the immediate neighborhood of Frederika
along the Wapsipinicon river, and a limited outerop of Niagara
limestone west of Tripoli.

At Frederika the drift covering is comparatively thin and
the limestone bears evidence of considerable superficial weather-
ing in the enlarged joints and limestone residuum. The Brodie

"quarry facing the Wapsipinicon is a fair average for the dis-
trict. The following beds may be observed:
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FEET.
3. Limestone, yellow, shattered by the weather to coarse rhom-

bic chipstone. ... ... i 9
2. Limestone, hard, yellow, magnesian, in heavy courscg np 6o

three feet thick, not laminated; bedding planes quite even

and regular, geodes up to six and eight inches in diameter

NOE ONCOMMON . Lo it et et et e e e e e 6
1. Limestone, bluish weathering to bulf; hard, ringing, sub-con-

choidal fracture, in two layers, the lower being one foot

and the upper two feet thick. Sparingly fossiliferous...... 3

LIME.

Lime is produced in a small way at Frederika. The buff mag-
nesian Jimestone of the Cedar Valley stage as developed in the
Brodie quarry is used. A small, wood burning pot kiln is em-
ployed, and a good grade of lime is produced. Lime has also
been produced northeast of Waverly and north of Plainfield.
At the former place the Niagara limestone was used and an ex-
cellent grade of lime produced. The kilns are no longer in
operation at these places.

BUCHANAN COUNTY.

Beds belonging to the Devonian are found immediately be-
neath the mantle of drift over about two-thirds of the superfic-
1al area of the county. The remaining one-third is occupied
by the Niagara in the form of a triangle in the northeast corner.
The lowest Devonian beds which afford any quarry produects,
are represented by a rather soft, imperfectly bedded limestone,
which, as a rule, ylelds readily to weathering influences. Tt is
very much shattered and jointed, and has been referred to the
Wapsipinicon stage of Norton. A number of small quarries
have been opened in the beds in the vicinity of Independence.
Along Pine creek in Liberty township, and on sections 33 and
34 in Newton township, the equivalent beds are harder and gener-
ally better in quality. An average section for Independence
1s taken from a quarry located in the eastern edge of town and
is as follows:

FEET.

3. Limestone, yellowish, rather hard, rings when struck with the
hammnier, in rather thin layers, and containing numerous
corals, among which Cystiplyllum americanum and Acer-
vularia profundae are the most characteristic species........ 4

‘--
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FEET.

2. Limestone, the Spirifer pennatus beds, showing the usual

assemblage of fossil species, not definitely bedded, but inter-

sected by a great number of joints. The phenomenon of

‘‘slickensides’” is developed on the joint faces on an ex-

tensive scale..... .. ... e i 8
1. Limestone, the barren beds, lithologically like the S. pennatus

beds above. ... .. e 10

Fi1G6. 22—View in City quarry at Independence showing effect of crushing in the Spirifer pen-
natus beds, upper part of brecciated zone.

No. 3 of this section is the lowest member of the Cedar Valley
stage of the Lowa Devonian.

Similar sections may be observed along Pine creek and the
Wapsipinicon in Liberty township. Also along Dry creek in
Newton township. '

The most important quarries have been opened in the Cedar
Valley limestone. The stone is harder, resists weathering in-
fluences better and occurs in more regular beds than the Wap-
sipinicon. These beds have been developed at Fairbank, near
Littleton, Jesup, and Brandon, and near Quasqueton, where a
small outlier of the Cedar Valley occurs some miles from the
main body. The beds quarried are about the same at all of
these places.
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At Fairbank a quarry in the west side of the river shows the
following beds:

FEET
5. Very dark brown residual clay or geest; a few inches to.... .. 1
4. Limestone, in thinlavers...... ... ... ... ... ... ... ...,
3. Limestone, fossiliferous...... ... o oo 1
2. Limestone, yellowish, soft, evenly bedded, in layers ranging
up to six or eight inches in thickness.......... ... ... .. .. 5
1. Limestone, heavy beds, not f{ossiliferous, exposed at base of
[0 2 o 2-3

Farther south more extensive sections are shown. At Little-
ton extensive natural sections aggregating seventy feet, may
be seen both above and helow the dam. Here is one of the classic
sections in the county, hut it is of little economic importance.
Only the uppermost beds have been quarried, two small quar-
ries having been opened north and northwest of town on top
of the bluffs. The beds worked consist of a yellow, earthy lime-
stone, occurring in even layers varying from two to eight inches
in thickness. Nearly twenty feet is exposed in the quarry face.

At Jesup there are two quarries, one on each side of the cor-
rection line road, one-half mile southeast of town. 'The north
quarry shows the following section:

JESUP SECTION.

FEET
6. Blackloam......... .o i 1-2
5. Limestone, yellow, broken and decayed, more or less dis-
turbed . ... 2-3
4. Limestone, yellowish, not very fossiliferous, affords some
g00d QUATLTY SEOME. .. ...ttt itt iiiiaa e 5
3. Limestone, soft, easily affected by the weather.... .......... 2
2. Limestone containing numerous stromatoporoids and true
corals. Some fair building stone.......................... 6
1. Limestone, fissile, with few fossils........................... 3

The strata dip slightly toward the east and are somewhat
contorted. At the quarry south of the road the upper beds are
worked and dip slightly to the south. The beds quarried at
Quasqueton are very similar to those exposed at this point.

Several small quarries have been opened along Lime creek
in the vieinity of Brandon and for several miles to the northeast.
Just south of Brandon near the north line of section 34 tle
following section is exposed:
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BRANDON SECTION.
FEET.
4. Limestone, soft, grading up into yellow shale, which carries
silicified brachiopod individuals
3. Coral reef consisting of Acervnlaria, TFavosites, Ptycho-
phytlum and othercorals. ... .. ... ... ...
2. Limoestone, evenly bedded, with few fossils or none.......... 4
1. Limestone, regularly bedded, and capable of being quarried,
in layers from two to 6 inches in thickness, the thinner beds
serving well as flagging. . ... .. ... ... .. 4

—

‘While the Devonian is capable of supplying an indefinite
amount of fairly good structural material, but little quarrying
has been done, and that for local use only.

LIME.

Formerly lime was produced at several points; notably at
Independence and Quasqueton from the Devonian limestone and
in section 19 of Madison township, where the Niagara limestone
was used. No lime was produced during 1906.

BUTLER COUNTY.

The Devonian is believed to immediately underlie the drift
over nearly, if not all of the county. Stone crops appear along
the prineipal streams at numerous points, especially along Shell
Rock river and its immediate tributaries. Outerops may be no-
ticed along the Illinois Central between Ackley and Austinville;
along the Northwestern between Kesley and Dumont; along the
Great Western between Dumont and Bristow, and from near
Clarksville to Shell Rock and beyond.

Between Dumont and Bristow some quarrying has been done.
The stone may be seen in street crossings and foundations in
both Dumont and Bristow. The beds range from six fo ten
inches in thickness and can be taken out in almost any length
and width. All of the stone is hard and compact and splendidly
adapted to crushed stone purposes. The quarries are not in
operation at present.

Along the Shell Rock river small openings appear in the bluff
on the east side of the river and a small quarry is being oper-
ated about three and one-half miles northwest of Clarksville.
The section exposed in the pit is as follows:
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3. Soil and drift of variable thickness.......... ................ 1-3
2. Limestone, yellow to brown, magnesian to dolomitic, in thin
layers, evenly bedded............... ..o i i i, 6

1. Limestone, white to gray, hard, brittle, evenly bedded, com-
pact to lithographic; certain of the layers show fossils in
weathered surfaces but these are firmly bedded and do not
show in fresh fractures, exposed.......................... 7

FiG. 23—Schrad'er quarry, Clarksville, Butler county, Iowa, showing the flaggy, litho-
graphic facies of the Cedar Valley.

The beds exposed here are very similar to those which are
exposed at Marble Rock in Floyd county and correspond to the
two lower members in the section at that place. KEquivalent
beds are, however, somewhat thinner and the shaly partings are
rather more pronounced, perhaps due to more advanced weather-
ing. The brecciated layer near the top of the white limestone
is equally as prominent as in the Marble Rock section. A sim-
ilar sequence may be made out in the openings near Greene.
Small quarries have been opened near Shell Rock. Both white
limestone and the dolomitic layers have been used quite gener-
ally throughout the eastern portion of the county for foundation
purposes and formerly for the walls of some of the less im-
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portant buildings. Both, when properly selected, give good
service and appear to be fairly durable.

The limestone has also been used for flagging; blocks six to
ten inches in thickness and of almost any dimensions in length
and breadth can be obtained quite readily. The white lime-
stone throughout is very hard and compact and admirably
adapted for crushed stone purposes. The stone can be obtained
at several places without much stripping but as vet the industry
can scarcely be said to have been started.

Lime in small amount was produced formerly at several
places hut no lime has been hurned for many years.

CEDAR COUNTY.

Feds of Devonian age cover a large triannenlar area over the
sovthwest fonrth of the county and numerons outerops are to he

seen along the Cedar river and its more important tributaries,
ck and Sugar creeks, often showing the Niagara beds helow.

otwithstanding the availability and large areal distribution

&

of these beds thev are over-shadowed 1In importance by the
Niagara and are of local importance only. The only producers
are small quarries on the west bank of the Cedar in Towa town-
ship near the Muscatine county line. The quarry seetion is

aiven below,

FEET.

4. Limestone, havd, compact, gray amnd ball, mottled, in layers
from 2 to 4 inches thick, overlain with red geest. . ... ... .. 14

3. Limestone, shaly, vellow. ... ... oii diimsmeicesersiaias

2. Limestone, vellowish drab, splitting info frregular lavers,
from Ditoal imohes: thisle. . o 2405 i iaqs e fEeaa@sa v, S 3

1. Limestone, tough, hard, gray, evenly bedded, resistant to
weathering, in two or three lavers...... .. ................. 34

About thirty-five feet above the base of the hill layers of a
comparatively harren limestone have been opened up. In the
five feet here exposed no fragments large enough to identify
were found. The stone is yellow, breaking up into chipstone.

No lime of any conscquence is now made from Devonian
rocks in Cedar county.
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Beds of Devonian age are believed to occur immediately be-
neath the drift over the entire county, with the exception of a
triangular area in the southwest corner. Two distinet sub-
stages may be readily recognized, the lower beds, which are
prevailingly caleareous or dolomitic and highly indurated, often
sub-crystalline, and an upper series which is made up of shales
and marls with occasional indurated ledges. The first belongs
to the Cedar Valley stage of the Devonian, of which the npper
portion only is represented in the county, while the latter be-
longs to the Lime Creek shales of the Upper Devonian series.
The principal outerops of the Cedar Valley limestones occur
along Lime creek and the Shell Rock river and their immediate
tributaries. All of the quarries in the county which are of more
than local significance are developed in this stage. From an
economic standpoint the Cedar Valley beds may be separated
into four groups more or less readily recognized. The sequence
is as follows, from top downwards:

FELT.
4. Limestone, exccedingly variable in texture, structure, and
composition, ranging from a granular, sub-crystalline dolo-
mite, through magnesian limestone and argillaceous lime-
stone, to pure limestone. The beds thicken and thin out in
short distances. In places lamellar stromatoporoids are
present in lower beds. ... . 25+
3. Limestone, a well-marked reef of nodular or spheroidal
sStromotoporas, characteristically developed in sections in
and abont Mason City................... ... ... 8to 10
2. Limestone, white to light gray, bard and compact, brittle,
breaks with a conchoidal fracture, cvenly bedded, non-
fossiliferous; in layers up to two feet in thickness, about.... 15
1. Dolomite, brown, sub-crystalline, granular; generally in regular
beds and but slightly porous or vesicular; thickness of
individual layers and aguregate thickness variable. Earthy
to calcarcous and variable in composition below.. ... ... ... 20+

Numbers 1 and 2 afford all the stone used for dimension pur-
poses. Number 3 is used for lime and is suitable for crushed
stone. The principal quarries are located in the vicinity of

Mason City.



PLATE XLVI—Kuppinger quarry, Mason'City, Cerro Gordo county, lowa, shiowing the dolomite below, compact white limestone in the
middle and the Stromatopora near the top of the section; an average section for the district.
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The Kuppinger quarry, located on the east bank of Lime
creek, between the bridge and the mill dam, in the northeastern
part of Mason City, gives the following section:

[es]

1.

Residualclay and drift.......... ... oo ool
Somewhat regularly bedded stromatoporoid limestone.......
Reef of stromatoporoids consisting largely of spheroidal
coralla with concentric, laminated structure; some of the
coralla are more than a foot in diameter. Weathers into
spheroidal masses. Bedding obscure...... ...............
White or grayish, fine-grained limestone, breaking with
conchoidal fracture, very compact; ledges ranging from a
few inches to more than two feet in thickness. No traces
of fossils, or traces few and very obscure..................
Bluish limestone, flexuous and unevenly bedded.............
Hard, crystalline, grayizsh dolomite, with oceasional streaks
of brown and red. In weathered portions of this member,
the crystals of dolomite are in places very loosely cemcnted
and the rock has the appearance of a friable sandstone.
Some beds are vesicalar, owing to the solution and removal
of fossils. The cavities, however, are lined with crystals to
such an extent as to obliterate all evidence of generic or
specific characters. Ledges varying from 6 to 36 inches in
thickness. ...
TFrom floor of quarry to level of stream, covered with talus ..

an

14

The bluff slopes some fiftcen feet higher than the quarry face,

and 1s apparently supported by indurated rock.
stromatoporoids appear in detached blocks.

The lamellar
Nuwumbers 2 and 4

are the beds most prized for structural purposes. At the pres-
ent time, the quarry is worked only intermittently, and, then in

a small way.
stalled.

But little labor saving machinery has been in-

Openings have been made in the bluft up stream from the
Kuppinger quarry, but no new beds are exposed. The beds ex-
posed in the guarry of the Mason (ity Lime and Cement Com-
pany are essentially a repetition of the above.

At Parker’s Mill on Willow creek, the following natural seec-
tion is exposed:

[=2]

PARKER'S MILL SECTION.

Stromatopora reef, equivalent of No. & of the Kuppinger
TUEE L2 g T e G et N TIL T mF L T CURPR e TOr S
White limestone, somewhat split up by weathering.... ... ..

FEET.
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FEET.
- 4. Evenly bedded dolomite, in ledges varying from 8 to 30 inches
in thickmess. ... ... .. o e 12
3. Impure dolomite, breaking irregularly by exposure to weather,
and containing many cavities lined with crystals of calcite. 2%

2. Crumbling, calcareous, granular bed, light gray in color,

’ with many nodular and branching stromatopores, some
favosites and beautiful coralla of Pachyphyllum woodmani 1

1. Argillaceous limestone, dark drab in color, homogeneous, but
breaking up on exposure to frost................ ... ... 2

Numbers 1, 2 and 3 appear to be lower in the series than 1
in the Kuppinger quarry.

Several companies have opened quarries north of the city.
Among others are the Belden Stone Company, the Mason City
Quarry Company, and the Mason City Stone Company. The
last named company has recently sold out to the Northwestern
States Portland Cement Company.

The sequence of beds exposed in the quarries of the Belden
Stone Company is given in the following section. These quar-
ries are located in the southeast quarter of the northwest quarter
of section 27, Lime Creek township.

BELDEN STONE COMPANY SECTION.

FEET
7. Soil and residual clay from a few inchesto.................. 2%
6. White or grayish limestone, shattered into small pieces; re-
moved as part of the stripping............. ... ... ... 3
5. White limestone in thin layers............ ... ... ... .. ... 3
4. White limestone in layers from 24 to 10 inches in thickness,
good building stone............. . e 4
3. Evenly bedded dolomite, snitable for heavy walls or for
cutting iuto caps and sills; in three ledges 21, 10 and 11
inches respectively in thickness........... ... ... .. ..... 3%
2. ‘‘Blue cap,’”” a hed that quarries out in shapeless, worthless
blocks, in two ledges; an impure dolmnite.. .. .. ... .. .. .. 3
1. Brown, bluish and gray dolomite in eight ledges, varying
from 4 to 13 inches in thickness. . ... .. ... .. .. L. B

The white limestone here having less overburden is more
weathered, which finds expression in its being more thinly
bedded and fractured.

The beds developed by the Mason City Stone Company con-
sist of an aggregate of nearly twenty feet of dolomite and rather
more than ten feet of the white limestone.
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In all of these quarries the dolomite occurs in layers of good
thickness and is of excellent quality. It usually presents a more
or less rough surface owing to the sub-crystalline, granular
texture, and is known commercially as ‘‘ Mason City sandstone.”’
Hast of Mason City, the white limestone becomes much less
important. A short distance below the wagon bridge at Port-
land, the following beds may be observed:

PORTLAND SECTION.

FEET.
6, Soil and washup to.... .. ... ... 3
5. Dolowite, coarsely granular, in thin layers...... ............ 3
4.  Limestone, white with laminar Stromatoporas............... 2
3. Limestone, the spheroidal Stromatopora reef, but more
evidently stratified than at Masgon City.......... .......... 4
2. Limestone, white, evenly bedded ..o o000 3
1. Dolomite, in heavy heds..o. oo o i 13

Up the river toward the mill, dolomitized beds higher in the
series may be viewed. Nnmbers 1 to 4 may be correlated readily
with the Mason City sections. The beds dip at a low angle down
stream, and almost wholly disappear some two miles below the
bridge. The ‘“Clay Banks,”” beginning on the northwest quarter
of section 35, present an abrupt escarpment facing the ereek, and
rest on the variable beds of the Cedar Valley stage which appear
in the channel of the creek. While the Lime Creek shales which
congtitute the ‘‘clay banks’ contain occasional hard ledges,
they are not of sufficient importance in that connection to merit
deseription. They will be discussed later as a possible sonrce
of Portland cement materials.

Above Mason City, the Cedar Valley limestone presents an
almost continuons section along l.ime creek to Fertile in Worth
county. The beds display many local undulations and the usual
variations in composition and texture. ‘As a rule the beds are
lower, and the main dolomite quarried in Mason City and vicin-
ity is not well exposed. The white limestone thins materially and
is oftentimes below the water line. No important quarries have
been opened, although much stone has been taken out for local
use.

Along the Shell Rock river the white limestone and heavy
dolomite are the chief terranes exposed. Occasional very limited
exposures of the beds above and below may be seen. Outerops
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of the varions beds appear at short intervals from Foster’s mill
above Plymonth to the Floyd county line. The beds as a rule
are more profoundly folded than their equivalents along Lime
creek. 1In the vicinity of Plymouth dolomitic beds prevail and
are quarried to some extent. They are supposed to be the
equivalents of the dolomite in ‘the Portland seetion above the
stromatoporoid zones. The bedx rise down stream. At Rock
Falls beds much lower in the series appear. Below the wagon
bridge, the following section is exposed:

FEET.
5. Drift and waste almost nothing
4. Limestone, white...... ... i e 1-3
3. Dolomite, in regular beds and of good quality............... 16
2. Dolomite, impure and irregularly bedded, becoming nodular

on weathering. ... 3
1. Dolomite, argillaceous.......... ... . i i 3

The lower beds in the above section are almost identical with
those exposed in the Parker’s Mill seetion in Mason Clity. Num-
bers 1 to 3 are better seen in Vermilyva’s bluff on the novtheast
quarter of section 35 in Falls township, where they <how a maxi-
mum exposure of forty feet. The lower twenty fect show no defi-
nite bedding planes aud the roek breaks up into angular piecex by
weathering. While tlie beds are more or lesx continnously ex-
posed for some distance, no new phases ave shown within the
confines of the county. While quarries might be opened at al-
most any point, none worthy of individual mention are in oper-
ation.

LiME UREEK SHALES.

While the Lime ('reek shales as developed in Cerro Gordo
county comprise essentially clay shales and marls, oceasional
indnrated ledges are present, especially in the upper member
or Owen beds. These hard lavers are quarried at several points
in Portland, Owen, Geneseo and Dongherty townships.  The
stone developed is usually a rathev soft, vellow, earthy dolomite
ol fair to poor quality, and is of local tmportance only.

The shales and marls promise to he of far greater importance
in the manufacture of Portland cement. The most important
section exposed in the county may be viewed on section 35 In
Portland township, facing a convex bend in Lime creek and con-
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tinuing a distance of about a mile. The beds exposed are as
follows:

CLAY BANK SECTION.

FEET,

6. Soil and drift, almost a neglectable quantity
5. Shale, calcareous or marl; in some places indurated layers

%0 ¢ =T 3
4. Cap rock, variable in thickness.......... ................... 1
3. Marl, highly fossiliferous; containing occasional hard bands.. 20
2. Shale, non-fossiliferous, weathered yellow................... 10
1. Shale, bluish gray to blue and becoming highly plastic on

weathering; non-fossiliferous................. ... ... L 40

A hard compact limestone outcrops in the creek and forms
the floor upon which the above section rests.

Samples selected from this section were analyzed; the results
are given in the table below, the numbers corresponding to the
numbers in the section. Three samples were selected from the
marl comprising number 3 in the section, of which 3a was taken
from the indurated layers.

Analysis of clay shales and marls from the ‘‘Clay Banks'’ near Portland, Cerro

Gordo county.

No. 1|{No. 2|No. 3|No. 3a|No.3b| No. 4|No. 5

MOISEUTE .« v e e 121 1.00, 0.73 0.35 0.75 0.68 0.93
Combined water....... ............ 3.29 0.78 2.72| 0.17, 3.67| 2.44 2.04
S T 49.93 50.15 20.26, 5.36| 20.82 7.59 27.26
AlUminga. ..o 20.23 19.68 11.28| 3.79 11.55( 5.62 19.15
Ferricoxide........................ 4.32 4.08/ 2.76/ 1.20| 2.76/ 1.56 4.32
LAMDE e et et e 6.70, 9.78 31.42 48.18! 30.01 44.34 16.47
Magnesia. ........oovviiiie i 2.79 2.26 3.441 2.70 4.01 3.22 2.23
Sulphur trioxide....... ........... 1.14 1.18) 2.09 1.02] 1.190 0.51 1.1
80da. ot 2.17 1.03 0.50; 0.27l, 0.72 0.29 1.55
Potash...... ... . U 225 1.62 1.09 0.46 1.41 0.48 2.20
Carbon dioxide.... ................ 6.05 8.54 23

56 35.73 23.05 33.39 12.59

J. B. \VEEME-S, Analyst.

The stripping is of variable thickness but usually unimpor-
tant. The marly beds 3 to 3 b have almost the proper compo-
sition for a Portland cement and merit more attention than has
been given them. The above section is about equally distant
from the Iowa-Dakota division of the Chicago, Milwaukee &
Saint Paul and the Fox Lake division of the Chicago and North-
western railways.
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At Mason City, the shales and marls appear some distance
to the south and west of Lime creek while there is an almost con-
tinnous section of limestone along Willow, Calamus and Lime
creeks.

The shales and marls are exposed south and west of the city.
Immediately west of the fair grounds, along a small creek, the
following section is exposed:

FEET.
2. Marl, weathered yellow...... ... .. ... ... L 12
1. Shale clay, blue-gray, becoming very plastic when weathered,
EXPOSEA . L L e i e e 20

The shales are known to attain a thickness of some forty
feet southwest of the city in the pits of the brick companies.
Analyses were made of all of the members in the above sections
and the results are given below.

Silica................... ‘ 35.23 54,56 51.95 0.72 0.63 54.64
Alumina...." 1. P f18.34 o 14.62
PN e o e C2og os0e2 [NDZ0 0oL | om { Rt
Calcium carbonate...... 32.84 +.10 4. 141 0 94.22 ‘ 97 .48 9.21
Magnesinm carbonate...| 3.94 2.13 3.761 | 1.82 0.99 6.09
Alkalies as K.O.... ... |......... 2.32 4.12 o 5.89
Sulphur trioxide. ... .... 3.11 2.30 2.76 098 ... ...l
Combined water........ 4.26 4.19 7.49% 246 ......... ‘ 3.74
Moisture. ..., ...... ... 0.12 0.30 0.42 0.05 0.51 0.85

* Combined water and carbon dioxide.
TThese percentages are of oxides instead of carbonates.

1. Marl from exposure west of fair grounds.
L. G. MICHAEL, Analyst.
2. Shale from exposure west of fair grounds.
L. G. MICHAEL, Analyst.
3. Shale from pit of American Brick and Tile Company.
J. B. WEEMS, Analyst.
4. Stromatopora limestone, quarry of Mason City Lime & Cement
Company.
L. G. MICHAEL, Analyst.
5. Mason City White Limestone, quarry of Mason City Lime &
Cement Company.
A. O. ANDERSON, Analyst.
6. Shale from pit of Mason City Brick and Tile Company.
G. E. PATRICK, Analyst.
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The marls and shales are known to extend over a large area
and are easily reached, as there is but little cover over them.

They can be traced with little interruption from the exposures
west of the fair grounds in Cerro Gordo county to several
miles south of Rockford in Floyd county.

All of the shales are calcareous and grade insensibly into
marls,

CHICKASAW COUNTY.

The Devonian limestones are believed to comprise the surface
country rock over the entire county, with the chief sections
exposed along the most important streams, especially in the
western tier of townships. According to Professor Calvin, the
beds are more or less magnesian throughout the entire series
exposed, some of the beds being so completely dolomitized as to
resemble certain phases of the Niagara limestone in Delaware
and Dubuque counties. The predominating facies is a soft,

Fi1G. 24—Quarry in cherty dolomitic beds at the Gypidula comis horizon a short distance
above the bridge at Chickasaw
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earthy to granular, non-crystalline limestone, oftentimes cav-
ernous. Crystalline calcite geodes are not uncommon. Rough
stone for local use only has been taken ont from time to time
at numerons points in the county, and liine has been burned on
a small seale until recently, in the vicinity of Chickasaw.

The section located near the wagon bridge in Chickasaw shows
twenty-five feet of heavy bedded dolomite, which 1s much broken
toward the smrface on acount of weathering. TLower down the
beds are intersected by numerous joints. A large amount of
chert in streaks and bands is a striking feature of this section,
and one very unusual in the Devonian.

A section which occurs abont one mile north of Chickasaw,
illustrates a flagev facies of the Devonian. The stone as nsual
is highly magnesian and occeurs in thin, even lavers, varying
from two to six inehes in thickness. There are numerous caleite
lined caverns and some very perfect calcareons geodes present.

A fairly representative section showing the varviable chai-
acter of the Devonian beds as developed in the county, is ex-
posed in the southeast quarter of section 3, Deerfield township.
The sequence is as follows:

FEET.
7. Loamand drifb. ... ... o e 2
6. Limestone, thin-bedded, earthy and badly weathered........ 3
5. Limestone, hard ledge; drab colored, purer and more crystal-

Limil tEA & BT 8 < p g e s s B BB SR e 8 P B - i
4. Limestone, thin-bedded; becowes marly and concretionary

O R ETIIIE 2 o - & s d g 58 6 5 & b o B B B b s @ @le - 2
3. 8hale, arenaceous, vellow and plainly laminated. ... ......... 4
2. Limestone, hard, dark gray, layers six to ten inches in thick-

ness and wow forms floor of the quarry............ ... ... 2
1. [Limestone, hard, not now exposed, but was quarried

fornerly oo 3

It 1s evident from a caswal inspection of the above section
that the overburden of drift and worthless material 1s practically
prohibitive. While certain ledges at numerous other points vield
excellent structural material and stone of switable composition
for a good quality of Time, the high proportion of waste which
must be handled makes a large production improbable.

FAYETTE COUNTY.

Indurated rocks of the Devonian immediately underlie the

drift over the widdle and western portions of the commty, con-
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stituting one-half of its superficial area. Outcrops are limited
to the immediate vicinity of the streams on account of the great
thickness of the drift, especially over the west portion of the
county.

(Quarries have been opened at a number of points, notably in
the town of Favette, in the novthwestern corner of Windsor
township, near the towns of Alpha and Waucoma in Eden town-
ship and near Fairbank and Maynard in Oran and Harlan town-
ships respectively. The quarries are of small capacity and sup-
ply only the local demand.

The Westfield bridge seetion, which is located on the north-
east quarter of section 29 in Westfield township, is one of the
most extensive Devonian seetions in the county and shows the
Devonian contact with the Niagara. The sequence of beds is as
follows:

FEET.
9. Limestone, much weathered, in thin fragments, fnssiliferous. 1
§. Limestone, yellow, impure, fine-grained; in layers two to six
or vight inches in thickness. ... ... ... .o i 5%
7. Limestone, yellow, impure, in three heavy beds............. 7
6. Limestone, ycllowish gray, rather massive, less magnesian
than number 7 above and somewhat broken............... 8

6. Limestone, argillaccous, light colored, consisting of hrecciated
material in which small limestone fragments are 1mbedded
in a clayey shale matrix......... ... ... ... ... i L 7
4. Limestone, brecciated; composed of dense, fine-grained drab
colored frugments of limestone, surrounded with lighter

colored cementing material ... .o oo 10
3. Limestone, yellowish gray, very fine-grained; weathers into
thin fragments. ... .. e, 11

(8

Limestone, yellow, magnesian, in two ledges, the upper dense,
rather fine-grained, one foot thick, and the lower softer,

vesicular, two feet in thickness. ... .. ... ... . .o iias. 3
1. Limestone, yellowish, magnesian, heavily bedded, cavernous,
cherty and lossiliferous. ..... ... .o 0 oo oo . 22

In the above section numbers 1 and 2 belong to the Niagara.
The balance of the section belongs to the Devonian. The upper
beds only are quarried in and about Fayette and their equiv-
alents are quarried near Fairbank and Maynavd, but at the
latter loecalities the beds have become mueh less magnesian
and as a consequence do not afford as durable struetural mate-
rial as the same lavers at Mavette.
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In the northwest quarter of section 6, Windsor township, the
following beds are available:

[FEET
6. Limestone, vresidual...... ... ... ... ... ... 1

5. Limestone, magnesian, yellow, in layers two to six inches in
thickness. The lavers are much shattered... .......... ... 6

4. Limestone, yellow, fine-grained, earthy, in layers six inches
to two feet in thickness; somewhat nodular............... 3%

3. Limestone, yellow, impure, resembling number 4; in layers
eight to thirty inches in thickness, somewhat fossiliferous.. 6

2, Limestone, vellowish gray, in rather indistinct layers which
are checked by numerous joints, fossiliferovs. ............. 8

1. Shale, light colored, containing oceasional fragments of lime-

stone. Shale fragments hecaome more abundant in lower
parts; talus covered to bed of streary... ... o oL 7

Similar sections appear at other points in the neighborhood.

Beds higher in the series than those in Windsor township
are quarried in the town of Fairbank in the southwest corner
of the county. The quarry section is as follows:

)80 OF DR AN
5. Soil, drift and residnal materials. ..o o o oo 5
4. Limestone, vellow, much decayed, in thin layvers, fossilifcrous 2%
3. Limestone, hard, gray, in thin layers, fossiliferous....... ... 2
2. Limestone, vellowish gray in rather even lavers with oc-
cagional bands of shaly material; showing numerous spots
of eoncentrically arranged lines of iron staing; fossiliferous. 6
1. Limestone, gray, massive, containing numerous geodes of
ealcite and bearing buat few [ossils. . o .. o 0 Ll 3

Other quarries have been opened in the neighborhood but
developed nothing new. The quarries in the vicinity of May-
nard are less extensive than those at Fairbank and show no new
phases.

FLOYD COUNTY.

The Devonian limestone and shales form the country rock
over the entire county so far as known at this time. Numerous
outerops appear along the Shell Rock river, Floyd creek, the
Cedar river and the Little Cedar river. Onterops of the Lime
Creek shales are confined to Rockford and vicinity, while all
of the limestones helong to the Cedar Valley stage. The lime-
stones are prevailingly hard, white, compact, often lithographie,
evenly bedded and almost pure calcium carhonate. They are
often associated with or interbedded with magnesian or dolomitic
layers.:
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PraTe XLVII.—a. City quarry, Charles City, Floyd county, lowa,
b. Shell Rock river, Nora Springs, Floyd county, Iowa.
¢. Floyd quarry section.
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Along the Shell Rock river, sections at Nora Springs, Rock-
ford and Marble Rock give the range of beds which may be
observed. At Nora Springs the following beds appear in the
bluff at the foundry about one hundred and fifty yards up stream
from the Milwaukee railway bridge.

FEET
7. Soil and drift of variable thickness.................. ... ..., 14
6. Limestone, coralline zone, colonies very much flattened, bed-
ding planes not very distinet. .. ... ... ..o i 6
5. Limestone, buff to grav-buff, otherwise similar to number 4;
bedding planes rather more apparent............. ........ 4
4. Limestone, white, much shattered, compact and brittle; bed-
ding planes not apparent.... .. ... i i oo 3+
3. Limestone, spheroidal Stromatopora zone; appears to be
decidedly concretionary where weathered, spheroids up to
10 inches, horizontal diameter somewhat the larger.... ... 8

2. Limestone, gray-buff, evenly bedded, compact to somewhat
earthy fracture, less brittle than 1, grades upward into white
limestone. .. ... o e 2

t.  Limestone, white, apparently breeciated; bedding planes not
well defined, compact and brittle, exposed at this point
ABOVE W WRET . & wrmb o 5555« o omnsde 78 mh = bidoms Gde mp e oo 6

Just below the mill, some 'three-eighths of a mile farther up
stream, several small quarries have been opened. The same
beds are exposed but show considerable variations, especially
in bedding. All of the beds up to number 4 are massive. Num-
ber 2 appears as a single ledge, in places. Although the spher-
oidal masses can be seen, number 4 takes on a somewhat shaly
character and is thicker than at the foundry. In places, how-
ever, this member appears as a single massive ledge. The beds
all dip up stream. The stone derived from these beds is used
gnite generally thronghout the town and adjoining country.

At Rockford, heds higher in the series appear and only the
uppermost member of the Cedar Valley limestone appears in
the low escarpment along the river. Back from the river the
Lime Creek shales appear. While the actual contact between
the Cedar Valley and the Lime Creek was not seen, the section
which can be viewed along the river and in the pit of the ("ream
ity Brick and Tile Company is as follows:
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ROCKFORD SECTION,

10.  Soil and drift, variable in thickness......................... %E—EZT
9. Marl, blue-gray, oxidizes to a yellowish color, highly fossili-
TS . L e 12+
8. Clay-shale, gray-blue, slightly gritty and more pervious than
beds helow. oo 15
7. Iron-stained zone, containing concretions; of variable thick-
S 6 inches to 2
6. Clay-shale, similar to number 5........ ... ... ... 6
5. Shale, gray-blue, slightly gritty . ..... ... ... .. .. 12
4. Limestone, shaly, exposed but thickness not determined. .. ..
3. Limestone, white, similar to uppermost beds along the river
at Nora Springs; coralline, thinly bedded.................. 12
2. Dolomite, or dolomitic liniestone, brown and porous......... 3
1. Limesione, gray-blue, in medinm heavy ledges, exposed. .. .. 4

The marls and shales continue more or less uninterruptedly
to the ““Clay Banks’’ south of Portland in Cerro Gordo county
and can be traced southward from Rockford two or three miles.
They are not known to occur in any considerable quantity north
and east of Lime creek or the Shell Rock river. The marl is
used to some extent for road work and appears to cement well.
The lower limestone beds have been quarried in a small way
but are too near the water level in the river to permit their ex-
tensive development.

At Marble Rock a number of quarries have bheen opened and
are operated at the present time. About three-fourths of a
mile above the wagon bridge a quarry has been opened on the
east side of Shell Rock river and presents the following beds:

MARBLE ROCK SECTION. o

5. Soiland drift.... oo e 1-4
4. Limestone, white, with sphevoidal Stromatopora, hard and
Lrittle, beds hieavy where unweathered; hecomes cavernous
in part and the middle portion is breceiated, exposed. ... .. 10-12

3. Limestone, magnesian or dolomitic, much weathered and
stained in places, yellowish brown, evenly bedded, ledges
shaly inpart. ... o 8

2.  Limestone, dolomitic, shaly, fron-stained........ .. ... ... 2

1. Limestone, white, the details ave as follows -
10 inch ledge, lithographie.
10 inch ledge, brecciated.
Two 10 inch ledges, separated by shaly parting.
10 and 12 inch ledges, lithographic in character.
20 to 24 inch ledge almost lithographic.
14 inch and 18 inch ledges, separated by shaly parting,
hard, compact.
Total. .o 9
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PLATE XLVIII.—a. Old lime quarry above Marble Rock, Floyd county, Iowa, showing
Stromatopora zone and brecciated zone.
b. Marble Rock quarry showing evenly bedded, lithographic beds below,
and Stromatopora and brecciated zone above.

22
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‘The ledges in number 1 constitute a compact, hard, brittle
limestone almost lithographic throughout, with the exeception
of the ledge next to the top of the series, which is distinetly
brecciated. All of the lavers are evenlv hedded and all but the
third and fourth layers are separated by shaly or marlv part-
ings, thus facilitating quarrving by very simple methods. _All
of the lower limestone beds show good ability to resist weather-
ing influences. The lower limestone beds are most highly prized
for quarry purposes although the dolomitic beds, wlhen not
boo much weathered, are also used. Both the upper and lower
limestones are well adapted for crushed stone products. 0ld
guarries were opened in the upper limestone, which was alzo
burned for lime. The remains of an old pot kiln may still be
seen in the immediate neighborhood.

Along the Cedar river and its immediate ftrihutaries an
abundance of indurated rock is available, often with very little
overburden. The principal quarries are located at Lithographic
City, Floyd and Charles City. The Interstate Development Com-
pany has made extensive openings at Lithographic City and is
planning to operate its property on a large scale in the near
future. Two quarries have been opened. The beds exposed
are as follows:

LITHOGRAPHIC CITY SECTION.*

FEET
11, Soiland drift... ... 1
10. Limestone, lithographic.... ... ... .. .. .. L 5
9. Limestone, yellow-gray, friable, coarsely granular and thin-
bedded. ... oo e 3
8. Limestone, dense, compact, buff to grayish white, thin-
bedded ... ..o 34
7. Limestone, lithographic, shattered and unevenly bedded,
brown, variegated.... .. ... ... 1
6. Clay parting. ... ..ot e F
5. Limestone, compact... ... ... it 12
4. Clay parting.... ... . i %
3. Limestone, buff to pink, lithographic............ ..... ... 14
2. Limecestone, gray, sub-crystalline............................ 1
1. Limestone, lithographic, dense, exposed.................... 3

*From notes supplied by Mr. C. L. Webster, Charles City, lowa.
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An average sample was selected from the above section and
analyzed. The analysis is given herewith:

Caleium carbonate. ... ... .. . it e e 92.85
Magnesium carbonate. .. ... ... i e 5.31
Tron and alumina. ... .. . .. e 0.80
Insoluble. . o e e 1.60

A. O. ANDERSON, Analyst.

The magnesia percentage can undoubtedly be lowered by
the elimination of number 9 in the above section which appears
to be strongly dolomitic.

A large number of specimens have been selected from the
various beds in the gquarry and polished. Enough has been done
to demonstrate thornughly the superior quality of certain of the
layers for lithographic purposes. It has also been demonstrated
that the lithographie stone can be obtained in large slabs prae-
tically free from fractures, caleite balls, clay seams and other
imperfections. Other beds take a good polish and are of a
pleasing color. They can be quarried in blocks of almost any
lateral dimensions and will undoubtedly find a ready market.
The waste from the quarries would make an excellent grade
of crushed stone. A large area is available with almost no
overburden. A short line of railway has been surveyed and the
company contemplates building in at an early date.

At Floyd, extensive quarrying has been done through a period
of many years. A quarry just north of town along the main
roadway shows the following beds: o

FEET.

8. Driftand sotlup to........ o 4
7. Iimestone, brown, dolomitic............. ... .. oo 8
6. Limestone, white to gray, compact, brittle.................. 3
5. Limestone, sub-crystalline, sugary, gray to brownish, appar-

ently dolomitic ...... ... .. e 4
4. Limestone, gray-white, blue above, compact, weathers con-

CretiONATY . ot e i 3
3. Limestone, blue-gray, shaly above.......................... 4
2. Limestone, brown, vesicular, dolomitic...................... 1
1. Limestone, compact, exposed................ ... ..ol 3

Many of the older buildings and nearly all foundations in
the town attest the popularity of the stone for structural
purposes.
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Charles City is the chief quarry center in the county. Of the
numerous quarries which have been opened and operated from
time to time, a large quarry located in the southwestern part
of town may be taken as a fair average. The beds developed
are as follows:

CHARLES CITY SECTION.
- FEET.

4. Soil, drift, and terrace materials, the latter constituting the
larger portion of the overburden................ .......... 4-8
3. Limestone, ledge persistent.......... ... .ottt 1-2
2. Limestone, magnesian, light brown, vesicular and sub-
crystalline, less evenly bedded than number 1, concre-
tlomary inpart. ... ... .. i e e 5-6
1. Limestone, .gray, weathers white, compact and brittle; evenly
bedded, but beds undulating; comparatively free from
flaws and remarkably uniform, exposed................... 8

The layers in number 1 are separated by thin clay partings
which greatly facilitate quarrying operations. According to
Mr. C. L. Webster, the stromatoporoid zones lie from fifteen
to twenty feet below the base of the quarry. Number 1 in the
above section is the chief quarry rock and has been used ex-
tensively in Charles City and the adjacent country. The M. E.
Church and First National Bank buildings are among the more
important structures constructed from loecal materials; the
former bearing the date of 1854. Both are in good repair and
the stone appears to possess excellent weathering qualities. The
Charles City Marble Company owned and operated the quarry.
This company also attempted to cut and polish the stromatopor--
oids for ornamental work but with indifferent success as a
commercial venture, although some very handsome pieces were
turned out.

South of Charles City, quarries have been opened at several
points. On the south half of section 20, township 95 north,
range XV west, east of the wagon road and north of a small
creek, the following layers may be seen:

FEET
11. Soil and drift, thin, up to.........cooiiii 1
10. Limestone, light colored, magnesian, shattered and fossilif-

13 (01 - 1

9. Limestone, nodular, containing many stromatoporoids,
badly broken, fossiliferous......... ..ot 41
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FEET
8. Dolomite, brown....u. vt iiin it s i 13
7. Limestone, lithographic, thinly bedded, where weathered,

separating into thin plates................ ... .o oL 13
6. Limestone, compact, brown, becomes thinly bedded below

in weathering.......... ... ... . i i e 2
5. Limestone, impure, earthy, forming a re-entrant in cliff face

and breaking down, on weathering, to a yellow, clayey

40 5. 710 B - ks
4. Limestone, thinly bedded and light brown to bluish in color;

laminee separated by bands of weathered clayey residue... 2%
3. Talus slope. . ..o i e e e et 7
2. Limestone, ledges similar to number 4, but heavier and

firmer, with fewer clay partings and deeper brown in

(6703 U o 10
1. Talus slope to creek bed............ ..o i i 4

Some quarrying was done formerly at this point. An abun-
dance of material is easily available and under very light over-
burden.

In the southeastern portion of the county some quarrying
has been done. The most important opening, the Allen quarry,
two and three-fourths miles northwest of Nashua, is given here-
with:

l;‘EET.

3. Drift and soil of indefinite thickness.

2. Limestone, in thin beds, varying from one to five inches in
thickness, some layers soft and granular, others hard and
fine-grained..... ... .. L 8

1. Limestone, consisting of the following ledges from the
hottom upward : eiglhteen inch, twelve inch, fourteen inch,
eight Inch and five six inch ledges respectively............. 7

The bottom ledge affords stone suitable for bridge work while
several of the other ledges yield satisfactory building stone.

Some lime burning was done in Floyd county, as in the case
of nearly every other limestone producing county in the state,
but no lime has been produced during recent years.

FRANKLIN COUNTY.

The Owen beds of the Lime Creek stage outerop at various
points along the east side of the West Fork of the Cedar river in
the northeast corner of Ross and throughout its course in West
Fork township. In seetion 7, West. Fork township, a small
quarry has been opened, from which some rock has been re-
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méved.” These beds furnish a supply of building material which
has been utilized locally at many points. It is seldom, however,
that the stone is sufficiently coherent to permit of any extended
use for structural work.

The quarry opening just north of the road along the south
side of section 7, West Fork township, affords the following.
section: c o "

FEET.
2. Shale, yellow, magnesian, with chert nodules and, near the
.base, interbedded,. sub-crystalline limestone, apparently
dolomite. In places, definite bands of chert permeated
~with brachiopod impressions, Spirifer whitneyi most abun-
QAN e e e e e 3%
1. Dolomite, brown, thinly bedded, fossiliferous, partially cry-
stalline; much shattered at top and badly rifted throughout,
eXPOSEd. . ..o 7

Only the lower bed can be used, and this on account of its
coarsely granular and partially weathered condition, is not a
durable material: It has been used to a limited extent for side-
walk flagging, and in walls, where it is fairly satisfactory.

HOWARD COUNTY.

Outside of two small areas marking the extensions of Ordo-
vician beds which have been uncovered by the streams into
Vernon Springs and across Albion township into Forest City
township, the Devonian covers the entire county. The Devonian
beds are accessible at numerous points and have been quarried
principally at Vernon Springs and vicinity, Cresco, Lime Springs
and vicinity, Chester, Elma and in section 33 in Saratoga town-
ship. The lowest beds developed may be viewed in the quarry
located on the northeast corner of section 14 in Iforest City
township. The principal quarry rock consists of a massive,
rough, rather soft, non-crystalline, vesicular dolomite. The
quarry section is as follows:

FEET.
© 5. Limestone, dolomitic, ledges decayed and badly broken up;

comparatively thinly bedded..... ................ ... ... 8
4. Dolomite, coarse, vesicular, full of fossil casts............... )
3. Dolomite, coarse, pitted like number4.......... ............ 4%
2. Limestone, dolomitic, light yellow.... ...................... 3
1. Limestone, similar to 2 but softer and more granular; in four

beds which in places appear to be completely blended into
asinglebed.. ... oo 4
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Similar sections may be seen at other points in Forest City
and Albion townships.

Beds somewhat higher in the series have been quarried at
Vernon Springs and vicinity. The Salisbury quarry, located
in the southwest quarter of the southwest quarter of section 34
in Vernon Springs township may be selected as a fair sample.
The section is as follows:

SALISBURY SECTION, VERNON SPRINGS.

FEET
5. Black soil mixed with broken rock.......................... 1
4. Limestone, broken, angular fragments affording an illus-
tration of how the stone yields to frost and weather........ 4
3. Limestone in heavy courses of good building stone, soft,
magnesian, yellow or brown in color, containing numerous
spheroidal cavities lined with crystals of calcite, fossils rare
and represented only by casts....... ..o 8
2. Limestone, softer, more argillaceous, in three or four layers,
calcite lined cavities numerous.................oiiiian. 3
1. Limestone, more solid and purer, in courses from one to three
feet in thickness, fossil shells preserved.................... 7

The most important quarry in the county is operated by John
Hallman and is located in the northwestern part of the city of
Cresco. The quarry pit shows the following beds:

FEET.

4. Driftandwash......... ... .. .. 14
3. Limestone, in thin layers but evenly bedded and hard, mag-

0T T 5 o S 6-8
2. Limestone, blue-gray, hard and tough, in beds ranging from

6 to 18 inches thick; works fairly well...... ............... 7-8
1. Limestone, dolomitic, base ledge in northwest corner of

quarry; weathers brownish yellow, exposed............... 2

Numbers 1 and 2 contain considerable erystalline calcite in
stringers and balls and the entire assemblage of beds is strongly
magnesian. The quarry beds appear to be much disturbed in
places, such disturbance being manifested by erushed layers and
slickensided surfaces. The products of the quarry include some
dimension stone, rubble and ordinary range stone. The principal
beds are comparatively soft and work easily.

The quarries at Forest City and Chester work beds similar to
those which have been developed at Vernon Springs.



HOWARD COUNTY. 245

PLATE XLIX—a. City quarry about one and one-half miles north of 'resco. The product
i3 a natural macadam.
b. Quarry northeast of Elma showing flaggy character of beds.
¢ Halilman quarry showing principal gquarry beds. Cresco, llowardcounty,
lowa
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At Elma several quarries have been opened and dolomitic
limestones have been quarried, which, according to Professor
Calvin, are below the beds occurring at Cresco. A quarry along
the Chicago Great Western railway, north of Elma, displays the
following beds:

FLIIT.
4. Soiland drift. ... ..o 0
3. Limestone, much weathered, bedding planes almost oblit-
erated, somewhat concretionary in appearance.... ........ 3-5
2. Limestone, magnesian, stained yellowish brown where long
exposed; breaks up into thin layers although apparently in
ROsVT Dad. .. ... . ... s o s s A d B R (RAR AT A s 3-5
1. Dolomite, brown, sub-crystalline and cavernous, caleitic, in
heavy beds. ..o e 4

Small quarries have heen opened and operated from time to
time at other points but none are worthy of special mention.
LIME.

The Devonian limestones are prevailingly magnesian to dolo-
mitic as developed in Howard county and are fairly free from
impurities. They would undoubtedly vield an aceeptable grade
of lime should thev be used for that purpose. In fact a good
grade of lime was manufactured from the dolomitic limestone at
Vernon Springs before the railways brought in limes from other

counties where it could be I\!'Lnillu:'#-:l. maore u‘!'|t".'l'g‘vl_'--

JOIINSON COUNTY.

Rucks of Devonian age i]llill(‘.;];li-:‘i_\ underlie the drift over
more than half of the county. Numerous exposures oceur along
the Towa river and its more important tributaries. The beds

represented are referred to three well known sub-stages of the
Devonian. The lowest belong to the breceiated stage of the
Wapsipinicon and are exposed at only a few points in the north
eastern portion of the county. These beds have been (uarried
in a small way at Solon and near Elmira. The layvers are mueh
shattered as a rule, and the blocks ohtainable are rough and
poorly shaped for strumetural purposes. The stone supplied
from these beds is of local interest oulyv.

The Cedar Valley stage is well developed and affords the
largest number of outcrops. Quarries have been opened and
operated at numerous points. A few, only, are given for refer-
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ence. The majority of the openings are without transportation
facilities but show the latent wealth of the county in structural
materials. A quarry opened south of the old Terrill mill in
Towa City shows the following succession of beds:

TERRILL MILL SECTION.

FEET.
8. Hard, ferruginous, reddish brown sandstone of Des Moines
stage, Upper Carboniferous.............. ..ot 6
7. Limestone, whitish gray, fine-grained........................ 8
6. Idiostroma beds, containing as usual many massive stromato-
poroids and some coralla of Acervularia................... 15
5. Limestone, heavy, tough ledge................. .. .. ..o 4

4. Limestone, bluish gray, weathering yellow, containing large
coarse-ribbed Atrypas and the small branched, small
celled Cladopora found at same horizon in Eicher’s quarry 8

3. Limestone, bluish gray, in two ledges, first ledge containing
many crinoid stems. ... ... . oo oo o 4

2. Coral reef. .. ... oovur i e 2

1. Limestone, bluish, with great numbers of broken, crushed,
detached valves of Spirifer parryanus and the robust, large
celled Cladopora (C. iowensis Owen sp.) described as
Striatopora rugosa by Hall.............o.. oo ool 2

The coral reef bed is very persistent and constant. The beds
above the reef vary considerably. In places they are hard

bluish gray limestone, in other places, partly on account of
weathering, they are yellow limestone and in still other locali-

ties they present the appearance of yellow calcareous shales. At
the old railway quarry on the west bank of the river north of
Coralville, the following beds may be seen beneath the overlying
loess and drift:

CORALVILLE SECTION.

FEET

5. Limestone, white........... ... ... .. ... i 12
4. Limestone, stratum crowded with casts of Straparollus

eyclostomus Hall. ... ... o 13

3. Limestone weathering into thin fragments, containing some
specimens of Idiostroma and colonies of a cylindrical Favo-

2. Limestone, gray, crowded with Idiostroma and other stro-
matoporoids. This with No. 3 represents the Idiostroma
beds of preceding sections............. ... ..o 8

1.  Limestone, hard, blue, containing some large coralla of Acer-
valaria. ... e 4
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These beds were formerly worked by the Railroad Company
for crushed stone. A switch was extended to the quarry and a
large amount of railway ballast produced. One of the most ex-
tensive quarry sections may be observed on the east bank of the
Towa river in the northwest quarter of section 27, Newport town-
ship. The following beds below the loess and drift are exposed:

FEET.
9. Limestone, brown, with crinoid stems, a Cladopora related
to the form described by Hall as Striatopora rugosa, but
having the branches and polyp tubes very much smaller,
and a large coarsely ribbed variety of Atrypa reticularis. .. 3
8. Limestone, drab, granular, no fossils ....................... 8

7. Coralreef composed chiefly of coralla of Acervularia davidsoni

E. & H., but containing many coralla of Favosites and
Ptychophyllum . ... 2

6. Iimestone, moderately hard bed with crinoid stems, Spirifer

parryanus, Atrypa reticularis, Favosites, Cyathophyllum,
Cystiphyllum, ete. ... 13

5. Limestone, shaly, with many small crinoid stems, Clonetes

scitula Hall, Sparifer parryanus Hall, Tentaculites hoyti
White, and Monticulipora monticola White................ 13

4. Limestone, hard ledge with many small crinoid stems, Clad-
opora, Ptychophyllum and some large coralla of Acervularia 2
3. Limestone, yellow shaly bed with Atrypa, Orthis, etc........ 2
Limestone, yellow and gray, shaly, without fossils.......... 13

1. Limestone, moderately hard, intersected by a number of

obligue joints, light colored, laminated, with many stem

segments and some perfect calyces of Megistocrinus and

other species characteristic of the Megistocrinus fauna.
Megistocrinus beds. ..... e e e e 15

The quarry north of the iron bridge in section 25, Jefferson
township, shows some modifications of the succession of strata
occurring farther down the river. The section is as follows:

. FEET
B T 2-10
9. Pebbly drift, Kansan............coiiiiiiiiiiiiiin e 3
8. Limestone, decayed, with bowlders of disintegration embed-

ded in highly oxidized dark reddish brown residual clay... 3
7. Limestone, light colored, evenly bedded, fine-grained........ 10

6. Coral breccia, composed of coralla of Acervularia, small cylin-
drical Favosites, a peculiar Diphyphyllum, a very elongated
Cyathophyllum, Idiostroma and massive stromatoporoids 5-8

5. Reef of closely crowded masses of Acervularia.............. 2

4. Limestone, regular heavy layers of fairly good quarry stone,
containing coralla of Acervularia and Favosites sparsely
distributed ... ... i e e 5
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FEET.
3. Limestone, blue, in layers from 6 inches to 2 feet thick, com-
posed of fragments of crinoids and broken shells of brachi-
OPOAS -ttt e e e e e 7
2. Shale and shaly limestone ... ....... ... .. ... ... ... 1!

e

1. Limestone, heavy, blue, with concretions of pyrites..........

Nearly all of the beds given in the above sections supply mate-
rials suitable for foundations and rough masonry and have been
8o used to =ome extent at one time or another.

The uppermost member of the Devonian as developed in the
county has been named the State Quarry Limestone by Profes-
sor ("alvin, and is not known to occur in any other county in
the state. The formation is assigned to the Upper Devonian and
attains a thickness of forty feet, and while it has been recognized
at a number of points in the connty, it is typically developed at
the State Quarries, or North Bend quarries, in sections 5 and 8
of Penn township. On fresh fracture the State Quarry rock is
light gray in color. In texture it varies somewhat in different
beds but near the middle of the formation it is composed of
coarse, imperfectly comminuted fragments of brachiopod shells
cemented together, the spaces being filled with interstitial cal-
cite. The shells, or fragments of shells, making up the limestone
are not embedded in a matrix but are simply piled on each other
and cemented.

Near the middle of the formation the rock consists of thick
ledges which, some years ago, were worked extensively. From
these beds came the large limestone blocks used in the founda-
tion of the new state capitol. Although the ledges show no defi-
nite lamination, and split as readily in one direction as another,
the weathered surfaces on opposite sides of the numerous joints
often show obscure signs of oblique bedding. The chief quarry
ledge is five feet thick and rests on a four foot ledge which is
not used. The next usable ledge in ascending order is also five
feet in thickness and is separated from the first by two or three
feet of talus. The fourth ledge is four feet thick and is very
fine-grained. Above this the beds range from six inches to two
feet in thickness; these beds are made up wholly »f erinoidal
remains. Below the first heavy ledge mentioned he rock is
thinly bedded.
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‘While there is still a large amount of excellent material for
bridge work and massive masonry available the lack of proper
transportation facilities has caused the temporary abandonment
of the quarry.

LIME.

The LeClaire beds afford excellent material for strong, slow
slaking and slow setting lime, but they have not been used for
that purpose in the county. Iime has been burnt from the more
highly calcareous beds of the Devonian but not being able to
compete with the better limes from other counties, the industry
has been abandoned.

LINN COUNTY.

The Devonian limestones cover about two-thirds of the super-
ficial area of the county and are quite generally exposed along
the principal streamways, but notwithstanding these facts, com-
paratively little dimension stone is derived from any of the beds.
The Anamosa beds of the Niagara practically have a monopoly
of the commercial building stone trade in this part of the state.
All of the members of the Devonian represented in the county
furnish some stone suitable for structural purposes, especially
crushed stone.

The Coggan beds of Norton, formerly referred to the Niagara
but at present included in the Devonian, are dolomitic, heavy-
bedded, destitute of lamination and often porous and highly
vesicular. When sufficiently compact, the stone is well adapted
for bridge work and other heavy masonry. A quarry near the
railway station at Coggan gives a fair idea of the beds and is as
follows:

COGGAN SECTION.
FEET.

4. Soil, loess and drift of variable thickness.

Limestone, gray, hard, compact, sub-crystalline, magnesian;
layers from one to four inches thick, weathering into block-
chipstone. ... .. o e 2

Limestone, massive, pale buff, magnesian, moderately hard,
granular, sub-crystalline; porous or vesicular, with a few
irregular cavities about an inch in diameter; in layers
eighteen to twenty-four inches thick. In places the rock

W

[S=]

23
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FEET.
weathers into chipstone, and is a brownish buff, semi-
earthy, semi-crystalline limestone. (Exposed to quarry

00T« e 8
1. Slope to water in river, elsewhere seen to be occupied by
massive limestone agsabove............... ... ...l 6

The beds exposed here are quite variable texturally and in
color. They vary from a compact, suberystalline limestone to
a highly vesicular to earthy material almost pumaceous in char-
acter. The full thickness of the Coggan beds is displayed a short
distance above the dam at Central City. The sequence is as
follows:

CENTRAL CITY SECTION.
FEET.

6. Soil, loess and drift, variable thickness.
5. Limestone, even-bedded, non-magnesian above, becoming

more and more magnesian below, and so graduating by

thin layers into the beds below that the line between them

is somewhat arbitrarily drawn (Otis Beds)........ ........ 123
4. Limestone, magoesian, light buff, compact, granular........ 4
3. Limestone as above, darker, also non-fossiliferous excepting

some minute vermicular cavities; in three layers.......... 1
2. Limestone, massive, buff, magnesian; with moulds and casts

of fossils, as at Coggan; porous and vesicular; upper layer

cherty, with dark nodules forming in places a continuous

band. The layers from above downward are respectively

one foot, five feet and ten inches, eleven inches, and four

feet ten inches in thickness................................ 1275
1. Unexposed to riVer.........ccouuiuiiin i iinrinernnenennenn 10

Numbers 2, 3 and 4 of the above belong to the Coggan beds.
These beds maintain their levelto a fine exposure on the left
bank of the river, two miles northwest of Central City, at
Granger’s old quarry.

The Otis beds of Norton have been exploited more extensively
for erushed stone than any other. Several large crusher plants
are located in Cedar Rapids and vicinity and furnish stone for
street and road work, concrete and railway ballast. The prin-
cipal plants are located east and south of town on either side of
the Cedar river. One of the largest plants running at the present
time is operated by J. J. Snouffer, Jr., and is located along the
Chicago, Rock Island and Pacifie railway in the south part of
town. The beds exposed are approximately as follows:
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12.
11.

10.

0

~1

Ut

F1G6. 26—Snoulier quarry, Cedar Rapids, Linn county, lowa.

Loess StrippIng . ..o r o et
Thin bedded, shelly, weathered Iimestone, for the most part
worthless; portions of lower ledges usable in crusher......
Light brown, saccharoidal limestone, heavy ledge, contain-
ing cavities and masses of crystalline calcite, in places,
contains numerous fragments of soft yellow limestone,
prominent in face of quarry....... .. ... ool
Similar to No. 10 but more distinctly laminated and sepa-
rates readily along bedding planes........................
Laminated, soft magnesian limcstone, sandy to the feel,
porous; thin bedded and breaks well both horizontally and
vertically, contains occasional simnall calcite cavities. ......
Limestone, dense brown, non-crystalline ledge.............
Ledge, dark brown in color, including in places thin layers
of black, carbonaccouselay..... ... e
Limestone ledge, light drab in color, has suflered shattering,
cut by thin, irregular veins of crystalling caleite; close
texture and conchoidal fracturve. ... ...... ... ... ... ...

23
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4. Dark brown limestone, in large part coarsely crystalline;
hard and breaks very irregularly......................... 13
3. Hard, close textured limestone, has apparently been
shattered and recemented by numerous veinlets of calcite;-

displays fine wavy laminations............................ 2%
2. Shale, black, carbonaceous and contains fragments of lime-
stone, in places soft and plastic.......................... 1

1. Sugary brown dolomite in layers from two to six inches,
alternating laminz of varying shades; the darker weather-
ing to a residue of dusty sand; breaks irregularly except
along planes of stratification............................. 5

This quarry is located in close proximity to the Chicago, Rock
Island and Pacific tracks. At present the total output is erushed
stone. The crusher is located on the railroad and the stone
hauled by horse and cart up a low incline. Four grades of
crushed product are put on the market, viz.: No. 1 ranging in
size from 1 to 214 inches; No. 2 from 14 to 1 inch, No. 3, 14 to
34, and No. 4, below 14 inch in diameter and termed ‘‘rock dust.”’

The upper beds of the Wapsipinicon are quite generally brec-
ciated and as a consequence have been but little quarried. These
beds have been developed in a small way at Marion, and in the
vicinity of Cedar Rapids and Flemingville.

The Cedar Valley beds are often too shaly to be of much use
for building or crushed stone purposes. As developed in Linn
county, they break up readily under the action of frost and are
not evenly bedded. The best quarries are in the vicinity of Cen-
ter Point, Toddville and Troy Mills. At best the stone produced
is not to be recommended for important structures. ’

MITCHELL COUNTY.

The Cedar Valley limestone of the Devonian forms the country
rock over the entire county. Excellent sections may be seen
along the principal streams, especially along the Cedar river
west of Osage. Practically the entire series of beds known to
occur in the county appear in a single seéction aggregating about
eighty-five to ninety feet. According to Professor Calvin in his
admirable discussion of the Geology of Mitehell county the de-
tails of one of these standard sections are as follows: .

The Chandler Cliff Section, located on the east side of the
river on the southeast quarter of the southeast quarter of section
21, directly west of Osage:
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3

7

FiG. 26—Cliff below the wagon bridge in the northeast quarter ofsection 28, Osage township.
There are folded and brecciated beds at the base of the cliff; the lithographic limestone
appears at the top.

26.

25.
24.

23.
22.

21.
20.

19.
18.
17.
16.

Residual clay.in which thin, weathered slabs and flakes of

limestone are embedded, part of mantle of waste..........
Limestone, coarse-grained, rough, weathered, magnesian...
Limestone, firm, fine-grained, lithographic ledge, somewhat

concretionary and containing imperfectly preserved stromat-
OPOTOIAS L.\t i e e

Limestone, partly decayed and partly shaly layer............
Limestone, fine, light colored, lithographic bed. The bed as
usual shows two divisions which are separated by a peculiar
suture-like joint due to the interlocking of small promi-
nences from the apposed surfaces. This interlocking joint
is seen in all the exposures of this vicinity. The interlocking
denticles show stylolitic structure..........................
Shaly parting. ... oo s e
Limestone, lithographic, in three parts; upper part as usual
very fine-grained and homogeneous.......................
Shaly parting ... i e
Limestone, lithographic, fine-grained.......................
Limestone, coarse, dolomitic...............................
Limestone, fine-grained, laminated

FEET.
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FEET,
15. Dolomite, coarse, granular, in beds ranging from six inches

0 @ f00t in thiCKIIESS. .0\t vt it eeee e caaeeens 4
14. Shalyparting...... ..o i i s +
13. Limestone with lithographic nodules embedded in granular

04 17 1
12. Limestone, heavy layer which is dolomitic below and partly

lithographic above. The lithographic portion is joined to

the coarser dolomite by a wavy and irregular line......... 1%
11. Shaly band, variable in thickness, averaging about.......... 3
10. Dolomite, heavy layer, sub-crystalline....................... 1%
9. Shalyparting.... ... *
8. Limestone, thick layer, coarse and granular at the base, up-

per six inches partly lithographic............ ... ... .. 13
7. Limestone, hard, light gray, lithographic stone.............. 14
6. Limesfone, shaly, decayed.................. . ..o iiat. 1
5. Limestone, light gray, crysialline, good building stone....... L&
4. Dolonite, evenly bedded, yellowish, good quality, quarried

for building stone at many points in the county, layers

ranging up to a foot or more in thickness, no fossils....... 9
3. Dolowmite, irregularly and indefinitely bedded, much checked

and cut by joints, carries numerous casts of Athyris rittata

and other species characteristic of the same horizon. This

member will be referred to hereafter as the Athyris zone... 12

2. Limestone, two heavy, irregular, non-laminated, dolomitic
beds, containing many shapeless cavities lined with calcite 5
1. Liwmestone, magnesian, partly dolomitic, in regular lavers... 15

For convenience a generalized section may be composed from
the above section and one or two others in the immediate neigh-
borhood. The following is believed to closely approximate the
truth:

GENERALIZED DEVONIAN SECTION.

FEET.
8. Magnesian limestone above the lithographic zone, represented

usually by weathered chips ................ . 6
7. Lithographic zone.... .. ... . .. i 9
6. Assemblage of variable beds between the lithographic zone

and the vvenly bedded quarry stone.......... ... ... .. 15
5. Quarry stone, No. 4 of the Chandler ¢liff section. ............ 10
4, Athyris hed ... .. e 12
3. Coarse, vesicular bed with calcite-lined cavities.............. 5
2. Regulur bedded dolomite at base of Chandler section ........ 15
1. Folded and brecciated zone............... ... ... .. . 15

Number 1 in the general section may be seen one-fourth mile
below the electric power plant just below the wagon bridge di-
rectly west of Osage. The upper portion of the section closely
resembles Chandler’s Clift.
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The principal streams in the county are strike streams and
the general slope is parallel with the dip south and west. The
beds which are quarried at St. Ansgar are essentially the same
as those quarried at Orchard, and those being developed in the
vicinity of MeclIntire find their counterparts in the quarries along
Rock creek.

In the vicinity of Osage quarrying operations are limited al-
most wholly to the lithographic beds. Near Mitchell and St.
Ansgar, and along the Little Cedar from Stacyville to Brown-
ville, the regularly bedded dolomites, corresponding to number
4 in the Chandler section, are worked. At MecIntire and along
Rock creek the lithographic zone is the one mainly utilized. At
Otranto the Athyris bed is worked and it would appear that
number 1 of the Chandler section ought to be within working dis-
tance of the surface. In order that the details may be hetter
understood and the latent resources of the county more fully
appreciated, a aetailed quarry section from each of the more

F1G. 21—The Lewis lime quarry, in the southeast quarter of section 27, Osage township, one
and one-half miles southwest of Osage.
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important districts is given below. A considerable number of
quarries have been opened along Sugar creek southwest of
Osage. One of the most important of these is known as the
Lewis lime quarry. The section is as follows:

LEWIS LIME QUARRY.
FEET.
10. Dark brown residual clays with some granular, calcareous,
residual material resembling fine sand, and many weathered
chips of limestone .... ... it il 4
9. Limestone, firm, whitish, fine-grained ledge of concretionary
lithographic stone containing a number of obscure stromat-
OPOTOIAS . .ottt e
8. Limestone, shaly, fossiliferous, fossils mostly in the form of
comminuted brachiopod shells............................ ks
7. Limestone, hard, fine-grained, lithographic, with lamination
planes well defined in some places, less perfectly defined in
others, and with a tendency to split up into individual

LSE]

layers of varying degrees of thickness..................... 1%
B. Shale, marly.... ... oo e $
5. Limestone, heavy ledge of fine-grained lithographic stone
dividing into two partg, the upper ten, the lower seventeen
inches in thickness. The lower five inches is very fine and
homogeneous in texture and tends in places to separate as a
distinet laver. ... ... . e e 2%
4, Thin shaly parting.........c. v ovvi i e e Tz
3. Limestone, ledge of fine-textured lithographic stone in three
parts, eight, seventeen and one-half, and three and one-half
inches respectively. ... . i 2%
Shalyparting. .. ..., ... i e T
1. Limestone, coarser and less perfect lithographic stone, in two
parts eleven and nine inchesthick...................... ... 1%

Beds 3, 5, 7 and 9 are fine-grained and light colored, break
with conchoidal fracture, and would all be classed as lithographic
limestone. It is the upper eight inches of No. 3 and the lower
five or six inches of No. 5 that are fine enough and homogeneous
enough to give promise of possessing commercial value as serv-
iceable lithographic stone. All the beds are checked and jointed
on an extensive scale, and this renders it difficult to obtain blocks
of usable size for lithographic purposes.

The lithographic beds are quarried at an opening on the land
of Dr. W. H. Gable in the northwest quarter of the southeast
quarter of section 27 about half a mile northwest of the Lewis
quarry. The lithographic beds here, as elsewhere, are remark-
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ably durable as evidenced along natural fissures. Detached
blocks which bear evidence of long exposure, ring when struck
with the hammer and show slight indication of surface softening
and disintegration. An average sample was taken from the
Gable quarry and analyzed. The results were as follows:

Insoluble .. .. e e 2.21
Iron and alumina ........ . . .. i e 3.82
Caleium CarbONAte .. .. .. . it 90.17
Magnesium carbonate ........ ... ool 1.03
Moisture and organic matber. ... ... ... . il 2.63

99.86

A. O. ANDERSON, Analyst.

The sections exposed at St. Ansgar and Mitchell show no new
facies. The dolomitic beds are worked the most though the
lithographic beds are available at the latter place. At Otranto
only the lower beds exposed in the Chandler section are known,
while along the Little Cedar the middle to lower beds are
available.

Near Meclntire the following section exposed near the mill
southeast of the town may be taken as a fair average. The beds
exposed are as follows:

5. Loessand soil..... ... .0 6
4. Limestone, decayed, magnesian, granular.................... 2
3. Limestone, laminated, lithographicstone..................... 3
2. Limestone, solid, granular and fossiliferous .................. 13
1. Limestone, thin-bedded, partly lithographic stone, variable... 2

In the bed of the small creek between the quarry and the mill,
there are firm dolomitic beds helow the level of the above section.
The entire assemblage of beds in this part of the county are sup-
posed to be the equivalents of those exposed near the top at
Osage -and Orchard.

Notwithstanding the abundance of excellent structural mate-
rials available none of the quarries are of more than local im-
portance.

LIME.

Two small kilns still exist southwest of Osage along Sugar
creek. Lime is not regularly produced, however, as the kilns
have been idle for several yvears. The lithographic beds were
utilized and a good grade of white lime was produced.



362 GEOLOGY OF IOWA QUARRY PRODUCT=.

MUSCATINE COUNTY.

While stratified rocks of Devonian age are believed to form
the country rock immediately under the glacial debris over the
larger portion of the county, exposures are practically limited
to Moscow, Sweetland, and Montpelier townships. Unimportant
outcrops are also known to occur in the city of Muscatine. The
lowest limestone beds exposed are prevailingly bhrecciated in
character, and carry a high percentage of calcium carbonate,
being almost pure limestones, and are non-fossiliferous. The
upper limestone heds are rich in organic remains and oftentimes
are magnesian to dolomitic in character. Quarrying operations
have been carried on on only a small scale, save near the Missis-
sippi river where considerable material has been used for Mis-
sissippi river improvement work by the Federal (Govermment.
A composite secetion compiled from the outerops in the vieinity
of Moscow is about as follows:

FEET.
6. Drift and surtface detritus of variable thickness.
5. Limestone, hard, gray, in rather irregular ledges, fossiliferous
and somewhat breceiated; mixed with the rock below... ... 5
4.  Limestone, softer than above, mostly concealed, with frequent
crinoid stems above; blue and fine-grained ledges farther
down, slightly crushed or brecciated in the lowest part;
fossillerous .. e 20

3. Limestone, strong, gray, in moderatelv heavy and regular
ledges, slightly broken or breeciated in a few places, fossilif-
BLOUES | Jtidis e o v v r v e amr e e e BB B c et 8

2. ILamestoue, coarsely brecciated, emitting a faint, bituminous
odor under the hammer ........ ... ... . . ... ... 4

t. Limestone, white, evenly bedded, in thin layers.............. 4

Numbers 1 and 2 are exposed only along Sugar creek north-
eust of Moxcow, while the upper members appear west of the
town. Quarries have heen operated from time to time at several
points.

Numerous outcrops of Devonian lumestone somewhat higher
m the series than those about Moscow may be viewed along
the Mississippl river and its immediate tributaries from the
eastern border of the county to the eity of Muscatine. The
hest developed and least obscured sections oceur in the viciunity
of Montpelier and along Pine creek.
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- Along Sulphur branch, a creek which enters the Mississippi
about one mile east of Montpelier, the following beds appear:

FEET.

7. Drift and soil, of variable thickness.

6. Limestone, weathered ledges, with scattered casts of cup corals 2%

5. Limestone, black, carbonaceous, with Stromatopora.......... 1

4. Limestone, bluish, dolomitic, thick-bedded, with fossil casts..

3. Shale, soft, fossiliferous............. ... .. ... . .. 1

2. Limestone, in thin hard ledges, with small, kidney-shaped or
cake-like Stromatopora............ ... .. i 2

1. Limestone, dolomitic, bluish, finely granular; fossiliferous,
eXPOSEd .. e e e 4

Nearer town number 1 in the above section is seen to rest on
a bluish clay of unknown thickness. The upper beds have been
quarried, number 4 having been quarried most extensively.
These ledges exhibit some of the characteristies of a ‘‘free-
stone,”” breaking almost as readily in one direction as in another.
The bedding planes are even and well marked. The lowermost
ledge of number 4 is two feet in thickness. When subjected to
weathering influences, the beds tend to become clayey.

Near the center of section 21 in Montpelier township, large
quantities of material have been obtained for the construction
of wing-dams farther down the river. The section exposed at
this point and near vicinity is as follows:

FEET.
8. Drift and soil, variable thickness.
7. Limestone, hard, brown, weathered, apparently somewhat
brecciated and containing fragments of Stromatopora...... 4
6. Concealed. ... ... i e 5+
5. Limestone, weathered, apparently brecciated, with a large
Stromatopora above a dark carbonaceous layer near the
base, carrying casts of an Amplexus......... ... .. ... 4
4. Limestone, dolomitic, almost white, bluish, finely granular
and evenly bedded; in heavy ledges, the lowermost nearly

four feet thick, rapidly turning darker blue and yellowish on
-exposure; oblique, curving fracture in some places, fossilif-

L3 0 1 S 8
3. Limestone, hard, in thin layers and rough, but straight layers

above; fossiliferous........ ... oo 2%
2. Concealed ... ... e 3
1. Limestone, dolomitic, bluish or gray, with Cystodictya .... ... 2

Number 1 disappears under the creek and also under the
water in the river.
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Sections along the lower course of Pine creek are practically
the same as the one just given. Higher up the stream beds
lower in the series appear. Possibly the most extensive succes-
sion may be studied in an old quarry in the south bank of a
small tributary of Pine creek in the northeast quarter of the
southeast quarter of section 4 in Montpelier township.

CARPENTER QUARRY SECTION.
FERT.

8. Drift and soil, of variable thickness.
7. Limestone, much decayed and appears to be a yellow clayey

material; fossiliferous...... ... ... ... . il 7
6. Limestone, hard, solid ledges, a foot in thickness, in places

bighly fossiliferous ...... ... ... .. . i 3
5. Limestone, fine-grained ledge, cut by a net-work of vertical

plates made up of material like that in the ledge above..... 3
4. Marl, earthy ..o +

3. Limestone, fine-grained, gray, thin-bedded above, thicker
bedded and dolomitic below, Gomphoceras and a reniform

Stromatopora in upper part, Cystodictya below ............ 2
Concealed ... ... ... e e 5

1. Limestone, gray, in somewhat irregular ledges, fossiliferous,
eXPosed. ... ... e e 3

Numbers 3 to 6 are the beds developed in the above quarry
and in the immediate vicinity.

From the mouth of Pine creek, crops of Devonian limestone
continue to the city of Muscatine, but none are of sufficient im-
portance commercially to merit individual mention.

The upper Devonian beds exposed in the county constitute the
Sweetland Creek beds of Udden. They are prevailingly argil-
laceous in character, although they contain certain hard mag-
nesian to dolomitic layers below. The well indurated beds are
neither sufficient in quantity nor sufficiently accessible to be
worthy of consideration. Certain of the shale members are
highly bituminous while others contain a considerable percentage
of lime phosphate.

SCOTT COUNTY.

Devonian limestones have been quarried extensively from
Pleasant Valley to Buffalo along the Mississippi river. The
most extensive quarries are located at Bettendorf east of Daven-
port and at Linwood near Buffalo. Several companies are oper-
ating near Bettendorf, crushed stone being the chief product.
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PraTE L1.—Clark guarry, near Bufialo, Scott county; upper view showing trackage arrangements
leading to incline, lower view showing irregular beds and large amount of shaly talus.
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The Grommoll quarry is located east of Bettendorf and south
of the electric railway tracks. The pit section aggregates ten to
twelve feet. The upper six to eight feet is composed of a thinly
bedded, brittle, white limestone while the lower four feet de-
veloped comprises heavier beds of gray to buff limestone. The
upper beds in their entirety along with the spalls from the lower
beds, are put through the erusher, while the lower beds supply
some rubble stone. The stone is hoisted by derricks and dropped
directly into a Brennan crusher (Blake type, jaws in three parts
working separately). The crushed produet is elevated to a
eylindrical sereen and sized, the sereened produet falling directly
into storage bins from which it is loaded into cars. The output
is used to a large extent locally.

The LeClaire Stone Company has a plant just west of the
Grommoll quarry. The pit has been opened to a depth of about
twenty feet. The section is the same as the preceding, save that
the lower beds are more important and furnish a good grade of
rubble and some range stone. The beds are gray-blue in color
and range from eight to sixteen inches in thickness. The bedding
planes are not very apparent. The plant is equipped with steam .
drills, steam hoists, and two Gates crushers. Both plants pro-
duce a superior grade of crushed stone, and practically no strip-
ping is required at either plant.

At Linwood, east of Buffalo and north of the railroad tracks,
the Linwood Quarry Company installed a crusher plant a few
years ago and is producing crushed stone only. The pit shows
much shattered beds of white to shaly limestone. In places the
color of the stone is somewhat variegated. The plant is equipped
with a Blake crusher and a number 5 Austin crusher, and the
necessary trackage and derricks. A small amount of rubble is
produced.

A new crusher plant has been opened recently just west of
Buffalo on the Clark farm. The stone developed is similar to
that at Linwood but appears to be less shaly. The plant is one
of the largest in the state, having a capacity of 100 yards per
hour, and is equipped with a number 714 and a number 5 Austin
crusher. The plant is well housed and is supplied with a full
complement of up-to-date machinery. The stone is loosened by
drilling and heavy charges of dynamite. Compressed air is
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used in drilling. The stone is loaded into cars having a capacity
of two yards and drawn by a rope up an incline to the crusher.
Most of the output is taken by the Chicago, Rock Island and
Pacific Railway for ballast.

The Wapsipinicon stage of the Devonian has produced and is
capable of producing some very good dimension stone and
dressed stone, especially rock-faced ashlar. Trinity church,
Davenport, is an example of the stone obtained from the upper
Davenport beds, while the cathedral of the Protestant Episcopal
Church was built from stone obtained from the Iower Daven-
port beds.

The Middle Devonian beds as represented by the Cedar Valley
limestone, are for the most part too argillaceous to afford build-
ing stone of good quality. Several of the lower layers furnish
stone of fair quality and several quarries have been opened to
develop them, the most important of which are located near Buf-
falo. One of the most extensive quarries is located on the south-
west quarter of section 13, Bufflalo township. The beds worked
are as follows:

PERT.
2. Limestone, hard, gray, sub-crystalline, fossiliferous, in hori-
zontal layers ranging from four to nine inches in thickness. 7
1. Limestone, argillaceous, blue weathering buff, upper nine

feet highly cnerinal, main joints run north, 36 degrees east
and do not continue upward into number 2.......... .. ... 14

The other quarries of the township present very similar see-
tions. Most of the stone quarried was used for river improve-
ment work by the government. Some has been used for road
work and rough masonry.

LIME.

The LeClaire beds of the Silurian afford an almost inexhaust-
ible supply of material suitable for lime burning and are ex-
tensively developed across the river from LeClaire at Port
Byron. At the present time this most excellent limestone is not
being used in the county. Some lime burning has been done near
Dixon and Gilbert, but white Devonian limestones have been
used. The annual output is small.
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WORTH COUNTY.

Limestones of the Mason City sub-stage of the Cedar Valley
stage outcrop in the banks of both the Shell Rock river and
Lime creek and their chief tributaries. The strata are similar
in every way to their equivalents in the Mason City sections in
Cerro Gordo county. ‘

On the Shell Rock a maximum thickness of twenty feet of the
limestone beds may be observed at the railroad bridge in section
1 of Lincoln township.

The following section at Foster’s mill in the northeast corner
of section 30, Union bownship, is typical for the Cedar Valley
beds :

! FBET.
4. Weathered limestone, crystalline, and containing numerous
caleite cavities ...... . ... 10
3. Compz}ct, light colored, dolomitic limestone, heavy bedded. .. 4
.2. Very close textured limestone, lithographic in appearance,
hard and breaking with conchoidal fracture. Has a very
characteristic ring when struck with the hammer....... ... 3
1. Argillaceous, bluish dolomite layer, exposed to water below
16 -5 o 4 T 1

No. 4 is the Stromatopora zone which characterizes this stage
at nearly every exposure. It is the equivalent of the beds that
are to be employed for the manufacture of Portland cement at
the Mason City plant, in the adjoining county to the south.

Near the south edge of section 12, Lincoln township, is a small
quarry from which crushed stone has been taken for road mate-
rial. The middle layer of the Foster mill section is the one used.

Beginning in the northwest quarter of section 1, Lincoln town-
ship, is a continuous outerop for about one-third of a mile where
Shell Rock river flows close to the west edge of its valley and
at the foot of the exposure. From a short distance below the
railroad bridge it extends northward across the line into Kensett
township. The following is the somewhat generalized section:

FEET.
5. Bowldery drift. .. .. .o o 2
4. Badly weathered limestone, rusty red in color, no fossils, nod-
ular in appearance, bedding obscure on account of disin-
tegration.......... e e 6
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FEET
3. Fine textured limestone of light color, non-fossiliferous and
containing much inferstitial crystalline caleite, heavy

o T T 3

2. Slightly argillaceous magnesian limestone, grading downward
into the darker variety, breaks with earthy fracture, but is
very hard, bedding S to 12 inches.... ... ... . ... .. ... 2=-3
1. Argillaceous dolomite, that portion not adjacent to joint or
bedding planes a dark bloe, good building stone, to water. 6

No. 4 of this section is the equivalent of the upper member in
the Foster mill zection. Below the railroad bridge a layer of
caleareouns sandstone eight inches thick appears between Nos. 3
and 2. This is very susceptible to the weathering agencies, and
its breaking down forms a re-entrant in the quarry face.

A small quarry has been opened in the northern part of sec-
tion 14, Kensett township, and some stone removed to supply
a local demand for the purpose of rough masonry. The argil-
laceous dolomite hax here been quarried to a depth of six feet.
A thin layer of sandy, shaly and weathered limestone occurs
between sirata of the dolomite. All the layers shown at this ex-
posure have suffered more or less from weathering and are of
little value as building material.

At Fertile an outerop in the south bank of the stream, below
the wagon bridge, gives the following section:

FEET,
3. Hard limestone, badly shattered into small blocks by weath-
=5 8 o 43
2. Arenaceous shaly limestone, very slight effervescence with
dilute HCL ..o oo o 8
1. Heavy bedded, sub-crystalline, dolomitic limmestone, to water
level. o e bJ

Bed No. 2 gives way much more readily to weathering than
the other members and is conspicuous as a re-entrant along the
face of the exposure. A small amount of stone has been quar-
ried at the east edge of the town in a low terrace to the north of
Lime creek.

The quarry industry of Worth county has been developed only
to the extent of supplying a local demand in the immediate vi-
cinities of the exposures of the limestone beds. Practically all
that has been used for building purposes has been from the com-
pact, light colored stratum and the underlying dark magnesian
layer given in the sections along the Shell Rock. The former is
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well suited for road material and concrete work, while the latter,
which is the equivalent of the Mason City dolomite, is considered
one of the best and most durable building stones taken from the
several quarries in Cerro Gordo county. This stone is well
exposcd to a thickness of ten to twelve feet in the northern part
of Lincoln township, where the Chicago (reat \Western crosses
Shell Rock river, and in a Jocation where conditions are favor-
able for development.

These limestones atso both produce an excellent quality of lime
as demonstrated by their long continued use for this purpose at
Mason City. The dolomitic stone gives a stronger lime than
the white and one which deteriorates less rapidly by air slaking.
The white lime, however, is eminently suited for use in the
manufacture of sand-lime brick besides various mortar purposes.
In this phase of the quarry business, Worth county has resources
equal to any of its neighboring counties.

The Kinderhook.

The Kinderhook is tvpically developed in the vieinity of Bur-
lington in Des Moines county and comprises a series of shales
below and limestones above, separated by finely arenaceous de-
posits. The shales constitute the most extensive member at
Burlington, exceeding one hundred feet in thickness but thinning
northwestward along the line of strike, while the limestone
member becomes relatively more important. The medial sand-
stone is fairly persistent but becomes less important northward.
The caleareous member shows a decided tendency to become
oolitic and ranges in texture from a compact brittle limestone
to sub-crystalline and oolitic characters. It is equally variable
in composition, showing all gradations from a pure Jimestone, as
the odlite in Marshall county and the white limestones in Hardin
and Humboldt counties, to the sugary brown dolomite of Hardin
county. The quarry stone comes from the upper member, which
has been extensively exploited in Marshall and Hardin counties.
The shales are of interest as a possible source of Portland ce-
ment materials. They are extensively developed at Hannibal,
Missouri, by the Atlas Portland Cement Company. The sand-
stone is not being developed at the present time although it has
been quarried in a small way in Marshall and Tama counties.
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DES MOINES COUNTY.

The Kinderhook beds are believed to form the country rock
under the Mississippi bottom lands along the entire east front
of the county. They appear near the base of the bluffs, overlain
by the heavy Osage, or Augusta limestones, for practically the
same distance and for about six miles up the Skunk river. They
present their maximum exposure in the city of Burlington at
Prospect Hill, and at Cascade in the bluffs and in the pit of the
Granite Brick Company. According to Keyes, and Weller, the
Kinderhook section at Prospect Hill is as follows:

SECTION AT PROSPECT HILL, BURLINGTON.

FEET.
L 1. T 15
11. Till; yellowish brown clay, with pebbles and small bowlders. 8
10. Limestone, white, thinly bedded...................... ... ... 10
9. Chert and siliceous shales with thin, irregular liinestone
beds, white and red incolor........... ... ... .. .. ... ... 20
8. Limestone, brown and white, rather heavily bedded, coarse-
grained, sub-crystalline; becoming more thinly bedded and
cherty above.... .. ... . 25
7. Soft, buff, gritty limestone.............. ..ol 3-5
6. White odlitic limestone.... ... ..o i 2-4
5. Fine-grained, yellow sandstone.................. . .. ... 6-7
4. Fine-grained, compact, fragmental gray limestone.... ...... 12-18
3. Thin hand of hard, impure, limestone tilled with Chonetes;
sometimes associated with a thin odlite band............... -4
2. Soft, friable, argillaceous sandstone, sometimes harder and
bluish in color, filled with fossils in the upper portion, the
most abundant of which is (honopectus fischeri......... ... 25
1. Soft blue argillaceous shale (exposed)....... ............... 60

Number 7 is somewhat earthy and magnesian and ordinarily is
not sufficiently indurated to be used as a quarry rock. In the
Government quarries below Cascade it has been aken out for
use in the river improvement work. The oolite is not constant
in thickness but ranges from one and one-half to four feet. It
is usually fairly massive and compaet and when properly selected
has proven satisfactory as a dimension stone. If appears to be
persistent as it has been seen along Flint river and south as far
as Patterson. Numbers 2 to 4 inclusive are usually not suffi-
ciently indurated to be used as quarry stone. Number 4 especi-
ally is oftentimes very friable and is to some extent a source
of building and molders’ sand. The shale is by far the most im-
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PLATE LII.—a. Section at Union Depot in Keokuk showing chert beds.

b. North end of Government guarries below Burlington showing the
Kinderhook limestone.
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portant member from a geological and also from an economic
standpoint. It is a massive deposit ranging from blue to blue-
gray in color, almost gritless. The beds are almost non-fissile,
high in silica and comparatively low in alumina. They show an
increase in silica upward and grade almost insensibly into a
soft argillaceous sandstone above. The shale shows a maximum
exposure of sixty feet and is known to extend at least one hun-
dred feet below the water level in the river. Average samples
were selected from the upper and lower portions as exposed in
the pit of the Granite Brick Company at Cascade. The results
are given below:

Top of Pit. Bottom of Pit,

SHlCa oo 77.39....... 71.78
Alumina. ... ..o 5.16........ 11.41
Ferric oxide ....... ... o i 2.40........ 3.35
Lime oo 3.65........ 3.18
Magnesia ...ttt i 3.13........ 3.80
Potash. ... ... . 144000 ... 0.86
S0da. . e 2.79.. 0.78
Sulphur trioxide ... ... oo 1.30........ 1.25
Loss on ignition............ e 280,00 3.69
Moisture at 100° C.... ..o ..o 0.13........ 0.42

At Hannibal, Misouri, the IXinderhook shales are used exten-
sivelv in the manufacture of Portland cement, and there is no
goorl reason why the beds in the vicinity of (fascade are not
suitable for the same pmrposes. Their area of outerop above the
river flood plain 1s very limited, hut occasional areas, such as
along the lower course of Flint viver, are available.

The non-resistant character of the Kinderhook heds s in very
large measnre responsible for the steep Dhluffs which face the
Mississippi river and larger tributaries.

FRANKLIN COUNTY.

The Carboniferous rocks present in the county belong to the
Kinderhook stage. In the eastern portion of the connty, beyond
the border of the Wisconsin drift, Kinderhook rocks ave exposed
along the channels of all the principal streams. The rocks of
this stage consist in this county of limestones and shales, the
former varying from soft, marly, argillaceous beds containing
large quantities of chert, to compact, partially crystalline, fossil-
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iferous or semi-oolitic dolomite. The shales range from mag-
nesian and calcareous beds which in many instances represent
the firmer limestones in a state of decay, to typical yellow or
bluish plastic clays. .

Weathered Kinderhook limestone appears along Bailey creek
in Richland township. Along Otter creek these beds are also
exposed almost continuously from section 30 of Ross to its union
with Hartgrave creek in Ingham township. One mile west of
Chapin at the southwest corner of section 29, limestone is quar-
ried. The following section may be viewed:

FEET.
3. Thindrift soll ... e 1
2. Badly weathered and iron stained argillaceons limestone..... 7

1. Regularly bedded blue-gray to sugary-brown dolomitic lime-
stone, containing Orthothetes, related to (). inequalis Hall,
and Orthis (?), exposed ......... ... i,

o

This quarry is worked by Mr. Wm. Low. A quarry face eight
to ten rods in length is open. The usable portion of the section
is covered by six to eight feet of argillaceous weathered rock
which must be removed by stripping. The lower beds are regu-
lar and the individual layers vary from six to eighteen inches in
thickness. The stone is granular and fossiliferous and ranges
from brown to blue-gray in color. It vields readily to shaping
for dimension work and affords the most durable building stone
now producecd in the county. A moderate local demand is sup-
plied, none as vet being shipped.

Ledges of this rock form the east boundary -of Otter creek val-
ley and appear for some distance both north and south on hoth
sides of the stream. Outerops are to be found in the vicinity
of Buffalo ereek in section 36 of Richland township, and section
31 of Ross; it is also found along the west side of section 6, and
across sections 5 and 4 of Mott township, where the bordering
hills are all supported by the limestone, which stands twenty-
five feet above the stream. Throughout the remainder of its
course in Mott and Ingham townships, Otter creek valley is
bounded by limestone walls, and evidences of the prescnce of
limestone are to he seen, aside from natural outerops and hill-
side talus, on nearly every section line where the public high-
way crosses this creek.
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Limestone is also found along Spring creek in sections 21 and
22, and along Squaw creek in the city of Hampton. Stone has
long been quarried in the north part of the town. A poor grade
of limestone is now being used from a new opening a few hun-
dred yards west of the cemetery. This opening shows the fol-
lowing section:

FEET.
3. Earthy, shattered and iron stained limestone wib'h numerous
bands of chert. ... ... . .. 5

2. Thin-bedded, earthy limestone permeated with chert in bands
and irregular concretions; somewhat cavernous, brachiopod

impressions preserved in chert .......... ... ... ..ol 64
1. Heavier beds (6-8 inches) and less chert, caverns lined with
botryoidal caleite. ... ... . ... .o 7

The rock is weathered and contains intermittent bands of
chert, which cause it to break very irregularly. It is used for
only the rougher masonry work and would not give satisfaction
in exposed positions.

There are innumerable exposures of the lower limestones, and
occasionally of the shaly beds, not in the immediate vicinity of
the streams, in the north-central part of Ingham and in the cor-
ners of Mott and Ross townships, where the main features of the
bopography are expressed in these older rocks. In the northeast
quarter of section 28, Ingham township, south of the railroad
track, a small quarry is opened on the land of D. W. Mott. The
sequence is:

FEET.
3. Soil and decayed limestone ........... ... .. .. oo 4
2. Plastic, light blue shale with very thin bands of limestone ... 2

1. Fossiliferous, crystalline brown dolomitic limestone, exposed 8

The beds are much rifted horizontally and fractured by verti-
cal joint planes.

On Mayne creek, the greatest thickness of beds is to be seen
near the north side of section 21, Reeve township. The section
is partially obscured by talus materials, but it is approximately
as follows: '



Q2
~1
w0

GEOLOGY OF IOWA QUARRY PRODUCTS.

FEET.

S ) o 8
7. Thinly bedded shattered limestone with much chert in oval

nodules and more or less persistent bands................ 14
6. Heavier bedded, arenaceous limestone, carrying chert as

above, and occasional caverns and calcite geodes.......... 6
5. Shaly limestone with bands of firmer rock............. 12
4. Compact, resistant ledge of Hmestone....................... 1

3. Argillaceous limestone containing some chalky appearing

chert nodules grading intoNo. 2..........................
2. Firmer but weathered and iron stained limestone............ 14
1. Compact, evenly bedded dolomitic limestone................ 34

Judging from its lithologic character, No. 1 appears to be
equivalent to the rock quarried one mile west of Chapin. In the
southwest quarter of the southeast quarter of section 10, Geneva
township, just east of the wagon bridge over Mayne creek, is a
quarry belonging to Mr. Oren Benson of Geneva, which exposes
beds as follows:

'S
o
.

—

3. Weathered magnesian limestone with abundant small fAint
NOAUIES ..o bE3

2. Heavy bed showing no lines of separation; brown where
weathered and fossiliferous (Productus bearing long spes

being very abundant); interior of large bloeks, light in color
or mottled by pink interstitial caleite, distinctly odlitic in
L= 00 10

1. Calcareous shale resting on limestone

A few feet below the hase of this quarry and eight feet above
the water in the creek the top of the impervious shales is
marked for some distance eastward along the south side of the
valley by a line of springs. The drift covering is very thin and
the limestone forms a ridge extending eastward info sections 11
and 14. In a quarry near the north boundary of section 14, on
the land of Mr. H. [{. Andrews, the same succession of strata
may be observed as noted above in section 10. The beds are here
broken by vertical jointing which in places has produced open
fissures six to eight inches in width. Unweathered samples of
the lower stratum show an abundance of erystals of iron pyrite.
The limestone rests on yellow shale which 1s exposed in the
trench cut by a small stream a few hundred -yards from the
quarry.
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The Kinderhook limestone is removed for local use at a large
number of other points in Ingham, Geneva and Osceola town-
ships, but at the above mentioned two localities only have quarry
openings been made of sufficient extent to show the nature of the
unweathered rock. Away from the weathered parts the rock is
light in color and compact, and resembles in general appearance
the Bedford stone. In natural outerops this bed separates into
numerous laminz, each a few inches thick, but where newly ex-
posed, slabs of almost any desired size can be obtained.

A small amount of stone is removed each year from these
quarries. It is believed that continued development might open
up unweathered portions of the bed which would furnish very
good building stone. It seems likely also on account of the ex-
treme thinness of the drift that prospecting along Mayne creek
in this vicinity would discover places where it would be possible
to obtain desirable stone that is not buried beneath so great a
thickness of weathered residuum which must be removed.

GRUNDY COUNTY.

Grundy county is covered by a thick mantle of glacial debris
and the only exposures of indurated rock known appear along
Wolf creek near the southern border. The only quarry worthy
of the name is located just south of the Chicago and Northwest-
ern Railway depot in Conrad, on the south bank of Wolf ereek.
The following section is exposed:

CONRAD SECTION.

5. Drift (modified Kansan probably)........................... 5
4. Limestone, residual, consists chiefly of cherty concretions
embedded in a matrix of greenish clay streaked and mottled
with ferruginous and marly material...................... 3
3. Limestone, slightly odlitic, composed essentially of a shell
breccia almost identical with No. 1, in the Ilagle City section

in Hardin county ....... . ... ... o o i 4
2. Limestone, hard, sub-crystalline, containing numerous brach-
fopod casts. ... L . 2

1. Limestone, typical oblite in heavy beds; a Straparollus and a
turreted form of gastropod were noted, also numerous
brachiopodecasts. ... .. ... o i i 5

The base of the section is about four feet below the Chicago
and Northwestern railway track and 1,010 feet above tide.
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The beds exposed here may be correlated with the upper oolite
in the Marshall county sections exposed in the quarries at Rock-
ton, Quarry, LeGrand and Timber creek, and also in the Hagle
City seection in Hardin county. The Conrad quarry has been
operated more or less continuously for @ number of years. The
limited outcrop and rapid thickening of the drift compels one
to conclude that the quarry industry will never attain much
development in the county.

HARDIN COUNTY.

While the Kinderhook beds are supposed to comprise the
country rock over a considerable portion of the surface in Hardin
county, good exposures are confined to the immediate vicinity of
the Towa river from Gifford south to the county line, and from
Fagle City to Alden. Quarries have been opened at several
points, notably at Gifford, Fagle City, JTowa Falls and Alden.
Only those at the two latter places are, or promise to be, of more
than local importance. The beds exposed exhibit two well
marked facies; an upper brown, earthy to sugarv dolomite, and
a lower white to gray limestone. The latter often contains layers
semi-oolitic in character above and argillaceous to arenaceous
below. At lowa Falls there appears to be a decided arching up
of the strata and a maximum section of eighty feet is exposed in
the river gorge. The limestone beds are known to rest on shales
or arenaceons ghales believed to be continuous with those which
outerop along the Mississippi river at Burlington and which
underlie the limestone series in Marshall county. The section
exposed along the river and along Rocky runm, its leading tribu-
tary, at Towa Falls, is given below and comprises one of the most
important Kinderhook sections in central Towa.

IOWA FALLS SECTION.

FEET.
6. Drift, reduced to a heterogeneous mixture of bowlders and
fragments of country rock at the face of the escarpment but
thickens greatly in the bluffs. Considerable areas are
practically without a drift covering........................ 0-80
5. Dolomite, brown, saccarhoidal, heavy-bedded below, but
thinner-bedded and much shattered above; often exhibits an
earthy fracture when weathered. Numerous casts of
Straparollus obtusus present in places..................... 20-30
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FEET.
4. Limestone, light gray, composed largely of shell breccia and
containing a brachiopod fauna; has a mealy appearance,

but on close inspection is found to be but slightly oélitic. .. 5
3. Limestone, gray-brown, is finer textured, more compact and
evenly bedded than the above...... ...................... 3

2. Linuestone, light gray; weathers white and so appears in the
gorge walls, exhibits a conchoidal fracture and is heavy-
bedded..... ..o e 5

1. Limestone, shaly to slightly arenaceous in certain layers, io-
places forms a slight re-entrant in the cliff walls; exposed
above water level.. . ... ... .. 5-10

The most important quarries are situated east of town on the
river. The Ellsworth Stone Company is operating a quarry on
the northeast side of the river, which was formerly known as the
Biggs quarry. The sequence of heds is as follows:

THE ELLSWORTH STONE COMPANY’S QUARRY SECTION.

FEET

6. Drift, very thin; consists chiefly of a bowldery gravel......... 0-3
5. Dolomite, brownish buff, much weathered in places and pre-

sents an arenaceous or earthy facies....................... 4

4. Limestone, white, odlitic, fossiliferous....................... 6

3. Limestone, blue, compact, of firm texture and very brittle ... 8

2. Limestone, white, Jower three feet very compact and brittle;
fracture conchoidal to uneven, contains numerous blebs of

crystalline caleite; almost lithographic in texture .......... 5
1. Limestone, gray, dolomitic, very slightly arenaceous to argil-
laceous, exposed...... ... ...l 5

The usual method of quarrying is to drill deep holes vertically
nearly parallel to the face of the cliff, and then to use heavy
charges of explosives to shoot loose the ledges. An ordinary
churn drill is used with a traction engine for power. This leads
to great shattering, and scarcely more than thirty per cent of the
entire section can be used for dimension stone. A large propor-
tion of the remainder was formerly considered to be waste mate-
rial and was thrown into the river. This was true not only of the
quarries here, but of those near Alden. At the present time a
large crusher of the Gates type has been installed and the entire
assemblage of beds is utilized. In faet, dimension stone and
rubble stone are only incidental products in the production of the
vartous grades of crushed stone.
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Southwest of the Ellsworth plant, on the opposite side of the
river where the river turns toward the east, the Barber Asphalt
Company has opened a quarrv and installed a modern crusher
plant. The beds developed are similar to those in the preceding
section, but higher in the series. The principal part of the sec-
tion being developed at the present time consists of earthy
dolomite which affords an inferior grade of erushed stone.

West of Towa Falls the Lower Carhoniferous rocks are much
more rifted and shattered than to the eastward, and the lime-
stone layers become sub-crystalline in texture. The stone takes
a good polish, possesses a pleasing color, and if large blocks
could be obtained, the rock would possess great value for orna-
mental and structural purposes, Unfortunate it is that the same
agency which produced the partially erystalline structure, so
essential in marhles, was also responsible for the shattering and
rifting of the beds. In fact the marbleization was rather a resulf
of the rough nsage to which the beds were subjected. The beds
continue shattered and sub-crystalline in texture to the point of
their disappearance beneath the drift at Alden. Formerly the
Ivanhoe Quarry Company put in a steam crusher and operated
quite extensively near the C. and N. W. railway tracks on sec-
tion 16, mm Hardin to=nship. The building containing the ma-
chinery burned down, and the plant has long since been dis-
mantled and abandoned. The beds exposed at this point are as
follows:

IVANHOE SECTION.

FEET

3. Drift (of great depth in the bluff) ............... .. ... .. ... 0-3
2. Limestone, grayish white, sub-crystalline, very hard and

much shattered; thinly bedded ............................ 20

Apparently a local unconformity.
1. Limestone, much disintegrated and cavernous. In places a
residual clay appears between 1 and 2. Surface very
uneven, exposed. . ... 6

Westward from the Ivanhoe quarries to Alden, the river flows
between low limestone walls varying from ten to thirty feet in
height. These limestone barriers are almost cut out in one or
two places by Coal Measure outliers. In Alden the beds greatly
resemble a portion of the Ivanhoe section. The beds are as fol-
lows:
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ALDEN SECTION.

FEET.
3. Drift, asin previous =sections, is thin at the face of the
scarp; a number of large granitic bowlders were noted. ... . 3
2. Lirmiestone more or less evenly bedded, appears to be litholog-
ically the same as No. I; a marly or shaly band scparates 1
and 2 generally . ... ... e 12
1. Limestone, light gray, hard, sab-crystalline and odlitic in
texture. The lower fonr feet show marked cross-bedding;
false beds dip to the southwest; the upper surface is some-
what undulating and dips gently to the soath.... .......... b)

Here, as in the preceding exposures, the beds are much rifted
and shattered. Individual lavers rarely exceed four or five
inches in thickness, and two well developed series of fissures are
visible. The fissures of the major series trend north and south,
and are apparently parallel to the corrugalions, while those of
the minor seriex stand approximately at right angles to the
folds. Genetically the two seriex probably form but one great
system and were formed at the time of rock crnshing.

North of Alden, the indurated rocks dip rapidly and were not
observed beyond the corporate limits of the town.

Eastward of the Falls limestone ledges are more or less con-
tinually present to Eagle City where the following section is
exposed :

FEET.

5. Drift, exposed. .. ... 5-10
4. Dolomite, vellowish brown, much shattered where viewed;

contains a few siliceous nodules................ .. ... ... 10-25

3. Limestone, gray, sub-crystalline and semi-odlitic... . ......... 14

2. Dolomite, yellow to gray, sugary .............iiitian.. 3

1. Limestone, gray, odlitic; very similar to the Bedford odlite in
texture, and also to the odlite exposed at Conrad, in Grundy
COUTIY .o i e i e e e e e e 4

The base of the section is about five feet above low water in
the river. These indurated beds support a bench which rises
forty or fifty feet above water level and continues some distance
on either side of the wagon bridge. Beyond Fagle City, the beds
disappear rapidly and the surface outerops of the Kinderhook
beds are almost entirely obscured by glacial debris and Coal
Measure talus. At Hardin City, Steamboat Rock and one or
two points between, No. 4 of the Fagle City section is visible and
rises some six or eight feet above the water level. In all cases
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it is greatly weathered and shattered, making its identity difficult
to establish. Between Steamboat Rock and Eldora, the Lower
Carboniferous passes entirely below the stream channel, but
rises again immediately south of the wagon road bridge at
Eldora. Going down stream from the Kldora bridge a weathered
dolomite appears in the stream-bed and also in the right bank
about sixty rods below the road crossing. The ledges rise eight
feet above the water and appear to be identical, both litholog-
ically and faunally, with the npper member at Towa Falls. These
beds appear more or less interruptedly from this point to
Union, forming low benches on one or both sides of the river.
At Xenia, and again between Gifford and Union, the white lime-
stone member is visible. The maximum exposure is south of
Gifford, near a small stream which enters the Towa from the
west. The beds exposed to view are: '

FEET.

4. Driftand wash ......... ... ... 0-3

3. Limestone, light gray; white when weathered........... ... .. 0-3

2. Dolomite, vellowish brown, much shattered and unevenly
bedded. ... o e 6-8

1. Dolomite, red-brown, heavy but unevenly bedded, exposed .. 4-6

Numbers 1 and 2 are, in a sense, complementary. Where one
thins the other thickens and the two aggregate twelve feet ex-
posed. Not the slightest trace of organic remains could be found.
Southward and southeastward the beds are cut out within 100
vards by the Coal Measure shales only to come into view again
a quarter of a mile down the branch on the terrace of the Iowa.
Beyond Union the Kinderhook beds are carried below the river,
but reappear west of Liscomb in Marshall county.

HUMBOLDT COUNTY.

The Kinderhook limestone beds outerop near the Minneapolis
and Saint Louis railway in the southern part of the city of Hum-
boldt and present an almost continuous exposure on the river for
more than a mile. The same beds outcrop near the Chicago and
Northwestern railway north of the city, and near Rutland about
five miles to the northwest. The section exposed below the dam
in Humboldt is given below:
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FEET.

4. Alluvial wash, variable in thickness; on top of terrace about 3

3. Limestone, oolitic, rather coarse grained, gray to white... ... 10
2. Limestone, compact, gray-white, a gradation from No. I,

but fewer fossils present and apparently less brecciated.... 2

1. Limestone, brecciated and filled with casts of fossils, chiefly
brachiopods, very compact and brittle in outcrop; bedding
planes not apparent; exposed above low water......... ... 4

The section rises toward the town and the oolite probably
shows a greater thickness than is indicated in the above section.
All of the beds dip perceptibly up stream. An average sample
was taken from the above section and analyzed. The result is
given below:

Insoluble. ... .. e 0.50
Iron oxide and alumina.......... ... .. ... . e 1.12
Calcium carbonate. ... .. ... . 97.20
Magnesium carbonate...... ... ... . . i 2.00

Total. o e e e e 100.82

Analyzed by A. O. Anderson, {rom sample collected by C. M. Morgan.

At Rutland, along the south bank of the river, is one of the
most conspicuous rock exposures in the county. The section
exposed here is correlated by Macbride with the lower beds in
the Humboldt section. The ledges are nearly in horizontal posi-

G, 28.—Shows ‘‘chipstone’’ weathering characteristic of the compact layersin the
Kinderhook limestone in Humboldt county. (Photo by Macbride).

25
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tion, attain a maximum of twenty feet in thickness, and can be
traced about one mile east where they disappear. Westward
they give place to the Saint Louis in section 23 in Avery town-
ship. Outerops apparently referable to the same horizon are
known at other points in Rutland township. The bedding planes
in the Rutland limestone are not very apparent. The rock breaks
up into irregular «harp angled spalls and is very hard.

The Kinderhook limestone was used formerly in the manu-
facture of lime for local use, but no lime is produced at the
present time.

MARSHALL COUNTY.

The Kinderhook immediately underlies the drift over the
northeust one-third of Marshall county, and extensive outerops
may be viewed along the Iowa river in the vieinity of Quarry
and LeGrand, along Nicholson ereek at Rockton, and on Timber
creek, about two and one-half miles southwest of Quarry. All of
the leading exposures are near the trunk lines of railway which
cross the county, and all are connected by switches extended
from these lines.

In the southeastern portion of the state, there are extensive
outerops of the Kinderhook, notably at Burlington, which con-
sist of shale, fine-grained sandstone, and sub-erystalline lime-
stones, of which the first and last members are the most im-
portant. In Marshall county, the caleareous beds greatly pre-
dominate. Five fairly well defined divisions can be recognized
readily, the lowest member of which is a shale which resembles
the shale member in the pit of the Granite Brick Company, at
Burlington. This is overlain by a fine-grained, blue to gray cal-
careous sandstone which is in turn followed by beds of oolite.
Above the oolite, cherty magnesian limestones are present in
considerable thickness, and completing the section are the brown
to gray sub-crystalline limestones.

The Kinderhook shales are not exposed in Marshall county,
but are present in well sections which penetrate the indurated
rocks. The basal member exposed is the fine-grained sandstone
which appears only in the eastern portion of the county. The
leading quarries develop the oolite and the magnesian limestone,
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although all of the members above the shale have been exploited
to some extent. The most extensive section in the county is ex-
posed north of LeGrand, near the Iowa river. The following
sequence of beds may bhe observed at this point: :

FEET
18. Loess, interstratified sands and silts below.................. 16
17. Bowlder clay oxidized a deep brown and containing bowl-
ders much decayed....... ......... O, 5-10
16. Limestone, sub-crystalline, pebbly........... ... . ... DI 3
15. Odlite fine-grained, with rnany brecciated grains............ 4
14, Limestone, gray, slightly odlitic............. .. .. ... ... 21
13. Limestone, gray above and yellow below.......... ... ... .. 2
12. Limestone, bufl, magnesian, rather heavily bedded, bisected
by chert band about four feet from the base............... 9
11. Limestone, mixed gray, blue and buff, breaks very irregu-
larly (““Brindle’” of the gnarrvmen) really an intra-forma-
tional conglomerate. ... ... ... ... o 3%
10, Chert. o e ¥
Limestone, soft, yellow, arenaceous; in thin layers; earthy
TN PlaCeS. L o s 2%
8. Chert. ... . e +
7. Limestone, blue, variegated to yellow-brown........... ..... 6
6. Cherb. . e 3
5. TFossil-breccia with lenses of crystalline caleite.... .......... 1
4. Limestone, buff, magnesian, fine even texture and massive;
cherty concretions scattered promiscuously throughout.
One quite persistent band of chert about four feet fromn the
D aSE . e 12
3. Limestone, blue, variegated to brown, hard, conchoidal frac-
ture, in heavy layers.... ... .. ... .. i 34
2. Oblite, in layers 14, 12, 8, 9, 6, 36, 26, 24 and 42 inches in
BhICKNeSS . .. o e 15
1. Sandstone, fine-grained, blue, calciferous, in part shaly, ex-
POSEA . e 10

The beds dip gradually to the southwest, and as the ground
rises in that direction, are soon carried below the surface of the
river. Near Indian Town in Tama county, the base of the oolite
lies more than twenty feet above the water level. At the north-
east quarry above LeGrand, it is about ten feet above the water
level, while in the west quarries, both the oolite and the sand-
stone lie below the bed of the river. At the west quarry, the
upper members in the above section are better developed. Num-
ber 16 shows a thickness of about twelve feet. At Rockton only
numbers 14, 15 and 16 are exposed, and the beds are more shat-
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tered and weathered than their equivalents in the LeGrand
~quarries. The section exposed near the Towa Central railway is
second only in importance to the Quarry and LeGrand sections.
The beds exposed are as follows:

FEET

8. Loess, sandy below.......... oot iiin i 10
7. Bowlder clay (Kansan) ........ ... oo ciiiiii i, 6
6. Limestone, brown, sub-crystalline, thinly bedded, and rubbly

above, heavierbelow...... ... .. ... ... o 8
5. Limestone, yellow, brittle, with occasional small caverns dec-

orated with concretionary calcite................. ... .. ... 13
4. Limestone, blue, hard, brittle............................... 2
3. Odlite in three layers, 8, 22 and 6 inches respectively......... 3
2. Limestone, gray-brown, with layers of blue, sub-crystailine

limestone interbedded.... ... ... .. ... .o ool 6
1. Limestone, gray-blue, close textured, soft when first exposed,

weathered portion, yellow; layers vary from 6 to 18 inches,

very evenly bedded, magnesian......................... Lo 12

The oolite in the Timber creek section is undoubtedly the
equivalent of the oolite exposed at Rockton, and the upper oolite
of the LeGrand section. Numbers 1 to 6 in the Timber creek
section find their counterparts in 12 to 16 in the LeGrand section,
with the possible exception of Number 5, which was not certainly
recognized farther north and east.

The differences in physical properties and coloration are
largely if not wholly due to differences in the weathering. The
Timber creek beds are in large part below the water level, and
the prevailing colors of the beds developed are shades of blue
and gray, while the tones of yellow and buff which prevail in the
east quaries at LeGrand are believed to have been brought
about through the action of weathering agencies. The hardness
of the Timber creek stone increases materially on exposure.

Kinderhook beds are also exposed northwest of Liscomb, near
the center of section 2.

QUARRY INDUSTRY.

The Kinderhook beds have been exploited mainly in the vicin-
ities of Quarry and LeGrand, and Timber creek. Quarries were
operated formerly at Rockton, but have been abandoned for some
yvears. Stone has also been taken out along the river, near Lis-
comb, for local use only.



PLATE LIIT—Typical section in quarry of LeGrand Quarry Company, Quarry, Marshall county, lowa.
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LE GRAND QUARRY COMPANY.

The pioneer in the quarry industry, as well as the largest com-
pany operating in the county at the present time, is the Le Grand
Quarry Company, with its central office in Marshalltown. The
company owns and operates quarries at Quarry and Timber
creek.

Quarry. Three quarries are connected with the C. & N. W.
railroad, by branch lines at this poimnt. Active operations were
begun as early as 1860, when a limited quantity of building stone
and lime was produced. Two years later the railway tracks
were extended into the quarries, and the company has operated
continuously ever since. The manufacture of lime was discon-
tinued some years ago.

The guarry plant is provided throughout with the most ap-
proved machinery. The equipment consists of a steam crusher,
gang mills, steam drills, derricks, lathes and planers; and quar-
rying and stone working are carried on waccording to modern
methods. The LeGrand beds in ftheir entirety have been ex-
ploited to some extent, though the position of the blue sand-
stone renders it almost unavailable at present. (See LeGrand
section.) The oolite and upper magnesian limestone layers af-
ford the most valuable produets, although the chert beds and
shattered limestones along with the debris consequent to quarry
operations, are worked up into riprap, concrete, railway ballast,
ete., and constitute an important source of revenue to the com-
pany.

The chief building stones put upon the market are known com-
mercially as oolitic limestone, Towa marble, Iowa caen stone,
and blue limestone.

The basal blue sandstone has not been sufficiently explored and
tested to warrant definite statement as to its merits as a struct-
ural material. Small quantities of the stone have been re-
moved from the east quarries and used as paving in the streets
of Marshalltown with some promise of satisfactory results.

There are two grades of oolitic limestones. The lower layer
measures three and one-half feet in thickness and is coarse
grained. The upper twelve feet is of finer texture and consists
of layers of the following thicknesses, respectively, from below
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upwards: 24, 26, 36, 6, 9, 8, 12, and 14 inches. The oolite is
cuarried only at the two east quarries, the dip of the beds and the
sJope of the river earrying the layers below the bed of the stream
before the west quarry is reached. Formerly, the coarse, heavy
basal layer was used for constructional purposes, but of recent
years, experience has demonstrated that it suffers disintegra-
tion when exposed for a season to atmospherie conditions. The
fine-grained layers are close, even-textured, and stand the test
of time well. This is showu not only in artificial structures swherve
the blocks have maintained their angularity against sunshine
and storm for more than a guarter of a century, but better s{iil
in the natural exposures where these layers stand out in bold
relief. The oolite is composed of small, rounded, coneretionary
calecareous grains embedded in a semi-crystalline matrix of
cementing material of the same composition. Many of the con-
cretions contain small angular siliceous grains. The unaltered
rock is of a gray-blue color, while the weathered portion assumes
a yellowish hue. Certain of the layers are highly fossiliferous,
and take a high polish. This variety is known commercially as
fossilite marble, and is much prized for interior decorative pur-
poses. Such slabs need to be selected with some care, for small
grains of iron pyrite are often present and produce brown stains
when exposed to the weather.

The upper portion of the magnesian limestone furnishes both
the Towa ‘“marble’” and the Iowa carbonate ‘‘caen stone,”’” the
former containing a higher percentage of magnesia than the
latter. The Iowa marble occurs in heavy beds from two to
three and a half feet in thickness. The unweathered or slightly
weathered portions are plain, light buff in color, while the weath-
ered layers are of a deeper color and beauntifully veined with
iron oxide. The stone receives a high polish, but like other lime-
stones, does not retain it when exposed to atmospheric agencies.
It is nsed extensively for paneling and all sorts of inlaid work,
and gives good satisfaction when kept dry. It also makes a
first class dimension stone.

The caen stone is similar in eolor to the marble, but it is
softer, more tenacious and of lower specific gravity. It is es-
pecially adapted for carvings and moldings.
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A ledge of blue limestone lies between the chert beds and the
oolite and a similar ledge immediately overlies the chert heds.
This limestone 1s very hard, compact and somewhat irregularly
bedded, which renders quarrying and working rather difficult.
The stone is used to some extent as a coursing stone and is very
durable, but i1ts intractable character renders its production ex-
pensive, and it s used mainly for ballast and concrete.

The brown sub-crystalline limestone with its interstratified
oolitic layers affords some good dimension stone and would be
considered desirable for foundations in regions where building
stone is scarce, but by far the greater quantity is transported to
the crusher.

Timber Creek. The LeGrand Quarry Company has also de-
veloped an extensive quarry in Timber creek. A side track is laid
in from the Towa Central railway and the plant is well equipped
with modern machinery. The beds worked are the same as those
at Quarry, from the magnesian limestone upwards. As has been
mentioned, the magnesian limestone here differs in color from
its homologue at Quarry and LeGrand. At the latter places
shades of buff prevail, while at the Timber creek quarries the
chief beds are a gray-blue with occasional layers in part light
yellow. The fact is emphasized that the predominating color in
the unaltered LeGrand heds is a gray-blue, which is chanrged
to tones of buff and yellow through weathering agencies. Here
as in other places, the magnesian layers sucecumb less readily to
disintegrating forces than the associated beds, and as a conse-
quence stand out prominently in natural quarry faces.

The upper oolite and brown sub-crystalline limestone are of
more importance here than at the exposures along the Iowa
river.

TESTS OF THE LEGRAND STONE.*

The principal varieties of the LeGrand stone were subjected
to three series of tests, viz.:

1. Strength and ratio of absorption to determine the com-
pactness of the stone, and hence its ability to withstand the
atmospheric agencies.

Ellott under the. Personal Supervision of Prof. A. Marston. in the debartment of Givil

Engineering of the lowa State College. The chemical analyses were made for the Survey
by Prof. G. E. Patrick.
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2. Freezing and thawing alternately, and carefully noting
the loss in weight and strength; and hence determining the
tendency of the stone to disintegrate or weaken under the action
of frost.

3. Chemical analyses to determine the relative amounts of
desirable and deleterious constituents present.

The two-inch cube was used throughout because of its con-
venience in handling and as it is the unit generally adopted
by investigators along this line. Great care was exercised in
the preparation of the cubes in order to guard against the pro-
duction of incipient fractures through the impact of tools and
the consequent lessening of the strength. The blocks were sawed
out with the diamond saw and then reduced to the proper dimen-
sions by grinding. The results are tabulated in the subjoined
tables.



TABLE I,
MECHANICAL TESTS.*

2] | ) 7‘ Bretia,kiing - Load Per
k) Load in Lbs. Square Inch
3 z 1 1
. = =1 .
Kind of Stone 2 g I = | g | Remarks
5 B : %0 D | E < !
= a | Q = g2 = =R =
5 & £ $| 3% 2 | 3% | 2
-
Z 2| & [ i|& | & & | &
T [ ‘ ‘ T :
tOblite, fine-grained, northeast quarry..!2.031 1.98x1.993.94  ...... 46,680 | ...... | 11,600 R e ing panied by much
4| do heavy bedded................. 12.02 2.00x2.00|4.00 47,500 53,800 | 11,875 13,450 do
5 do “ e 1.97 2.00x1.983.96 54,000 59,300 | 13,636 14,900 do
6 do thinly bedded................. 1.96| 1.96x1.96|3.84 | 39,400 39,400 | 10,260 10,260 do
22 | Oolite, light, southeast quarry ........ 2.05| 2.00x2.04[4.08 42,000 52,000 10,280 12,740 do
23 6 L TSR 1.97| 2.00x2.00|4.00 ' 57,000 57,000 14,250‘ 14,250 do
43 do heavy bedded................. 2.00] 2.00x2.00|4.00 38,000 53,000 9,500 13,250 do
tlowa marble, plain, west quarry...... 1.98) 1.98x1.97(3.90  ...... 47,120 | ...... | 12,080 All samples of the Jowa marble
16| dOuiiiiiiit it 2.00 2.02x2.04 | 4.12 60,500 63,300 | 14,685 15,120 ~ Droxeln sucha way asto show
|fIowa marble, colored................. 2,00 2.02x2.0114.06 ...... 37,060 | ...... | 9,128 ’
27 | Blue limestone, northeast quarrv......| 2.00 2.02x2.02 4.08 | ...... ... | oeeeel [P 63,000 1bs. applied, no eftect.
24 R e 199 2.00%2.02 404 L o] e e 63,000 1bs. applied, no efiect.
11 | Fossiliferous limestone, N, E. quarry..| 2.00] 2.0052.00 4.00 42,000 ...... 10,500 ...... Susrtained 65,800 1bs. without
12 @0 ittt e 12.00] 2.0052.00 4.00 63,300 ...... 1,582 ...... Beyond eapanity 6f machine to
16| Q0uernreriannnnnn., southeast quarry 1.99| 2.00x2.00 | 4.00 43,7001 ...... 1 10,925 ...... Sustatned 65,600 Ibs, without
26 | 0 e e e 2.00| 2.00x2.02 | 4.04 | 58,300 | 66,400 | 14,430 | 16,435  further rupture,
28 (6 1o T west quarry| 1.97| 2.00x1.98|3.96 | 38,700 38,700 | 9,773 9,773
33 | Blue limestone, Timber creek......... | 1.98| 1.98x2.00 |3.96 | 28,000 | 34,500 | 7,070| 8,712
34 Ao v [2.00] 1.98x2.00|3.96 | 29,000 | 33,200 | 7,320 | 8,383

* An Olsen testing machine wae used in making these tests. The specimens were placed between two steel plates, the upper being ﬂxedi
while the lower was free to oscillate {in a hemispherical protuberance, which fitted accurately in a well lubricated socket, thus distributing the

pressure equally when the parallelism of the cube faces was imperfect.

The load was applied at a uniform rate.

1 Tests made under the direction of Prof. G. W, Bissell, Dept. of Mechanical Engineering, I. A. C
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TABLE 1I.
FREEZING TESTS.*
! @ ' Breaking Load Per | a
S | Load in Lbs. = Square Inch [l
w — . -
g 3 | e
Kind of Stone = g 2 2 ' ?,34; Remarks
b ¥ & o0 B0 o @
=] = ] B o 1= & e :‘j
g B = I 3| 2 %y = &g
D = A R a ‘a3
z 2 & [5[&°] & |8 & |3
20 Odlite, fine-grained, N. E. quarry ..(2.05 2.00x2.08 +4.16| 55,700 56,400 13,39013,558 0.0014 Loud report. )
21 do.............. e 2.08 2.00x2.08 +.16 26,000 ....... 6,230 114,280 10,0013 Sustained 50,40 los. Very slight
38  Odlite, fine-grained, 8. E. quarry..|1.99 1.97x2.00 3.94/ 50,000 60,000 12,690 15,230 |...... L%ud gepor’tand cube much shat-
ered,
44 do .o 12.00 2.00x1.96 3.921 34,000 55,700 8,673 14,210 ...... do
46 do ..o 2.02 1.97x1.97 3.88 50,000 56,300 12,890 14,560 |...... | do
19 | ITowa marble, west quarry.......... 1.96 2.02x2.02 |4.08! 50,000 | 56,500 | 12,255 13,850 10,0007 Broke with a loud report.
17 do.... ...l e 1.92 2.00x2.00 [4.00" 42,600 | 52,700 | 10,650 13,175 10,0008 do
18| A0 e 2.00 2.04x2.02 |4.72, 38,000 51,700 9,225 12,550 0.0009 o
14 | Blue limestone, northeast quarry...2.00 1.98x1.97 [3.90'. ... ... ....... .......15,360T ...... | 59,400 1bs. applied without effect.
3| Fossiliferous limestone, N. E. quarry|2.00 2.00x2.02 [4.08 ....... ....... oo 14,5601 ...... 59,400 1bs. applied without efiect.
21 O e L 1.98 1.97x2.00 |3.94 55,600 ....... | 14,035 14,9007 ...... 50400 Ibs. sustained.
29 | Fossiliferous limestone, west quarry. 1.98 2.04x2.02 |4.12 35,900 40,000 | 8,715 9,710 ...... | Weak report.
30 Ao . .97 1.99x1.96 3.91] 30,500 3:'),OOO| 7,800 8,950 ...... do
32| Blue limestone, Timber creek ...... 2,00 2.04x2.01 4,10 28,000 36,300 6,830 §,850 ...... Slight report. I
45| do .o 1.96) 1.98x1.96 3,88 32,700 .’-’»'_’,TOO| ....... 8,430 |...... \

*The cubes were placed In distilled water until completely saturated, after which the specimens were encased in cotton batting saturated
with distilled water and placed in wooden trays, eight by eight inches and two inches deep, provided with wire bottoms. The trays after
being securely packed were placed in the refrigerator and kept at a temperature of from 17° to 19° F. for 48 hours. Then they were removed
from the retrigerator and subjected to a temperature of 70> F. for twenty-four hours. This process was repeated six times. The specimens
were afterward subjected to refrigeration and thawing ten times; but the conditions were less constant than in the first six. In the later
series the minimum temperatures ranged {from 21~ to 32- .

T The above table shows that the blocks sufiered no appreciable 1oss in weight or strength during the investigation. It is highly probable
that lower temperatures wotuild have given very different results.

! In spite of the apparent weakness, low specific gravity and rather high percentage of absorption, the guarry face along natural fissures
Bhows this stone to be one of the most durable quarried in the county.

96¢
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| Number

TABLE IIIL
ABSORPTION AND SPECIFIC GRAVITY TESTS.

s o . Water Absorbed After o
L?ﬁi%;g?%:%ggifer _Imm)ersion, Expressed )
Weight in Gs in  Percentages, over e 3
Dry Weights = L @
Name of Stone e : m— I go gﬁ Remarks
£ s | B | 5| E| 2|8 | g | Es
1) 1<) S o ) a il Q B
-] £ < < 2 - 2 D=
] — WY — [=p] Z\!” : n 3
Odlite, fine-grained, northeast quarry...| 350.90 | 350.70 | 350.58 | 0.85 | 1.59 | 2.66 l 2.75 | » @
Ao 348.91 | 348.79 | 348.63 | 1.56 | 3.26 | 3.95 | 4.05 | = =
Qdolite, south quarry ................... 335.03 | 334.99 | 334.97 | 1.20 | 1.50 | 2.50 | 2.61 gl\ o
Ao e 333.90 | 333.79 | 333.63 | 0.71 | 1.85 | 2.11 | 2.20 | == 2
QO 326.90 | 326.30 | 325.63 | 1.50 | 1.96 | 2.55 | 2.64 | = —
Iowa marble, west quarry.............. 323.10 | 327.70 | 322.47 | 2.33 | 3.02 | 3.60 | 3.87 | 2.54 | 153.2 | Average,
QO e ' 309.40 | 309.00 | 308.01 | 1.81 | 2.43 | 3.31 | 3.57 |...... R
Ao 320.90 | 319.20 | 318.20 | 2.31 | 3.06 | 3.97 | 4.37 |......|........
Blue lime=tone, northeast quarry.......| 348.70 | 3458.21 | 348.19 | 0.48 1 0.86 | 1.86 | 2.02 | 2.77 | 173.0
Fossiliferous limestone, northeast quarry| 344.00 | 343.78 | 343.52 1 0.72 | 1.01 | 1.72 | 1.79 | 2.60 ‘ 162.5
Aot 353.86 | 353.40 | 353.20 | 0.22 1 0.50 | 0.70 | 0.77 |......l.v.i....
Fossiliferous limestone, west quarry....| 311.00 @ 310.90 | 310.87 | 0.06 | 0.84 | 1.65 | 1.79 |......|........
QO 340.91 | 340.46 | 340.38 | 0.22 | 0.84 | 1.64 | 1.79 |...... ........
Blue limestone, Timber creek .......... 320.76 | 320.36 | 320.00 | 2.03 | 3.01 | 3.17 | 3.36 | 2.30 | 144.0
4.00 | 4.67 | 5.41 | 5.65 |..............

do. ool 285.74 | 285.36 | 285.15

‘AILNAOD TIVHSYVYI
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TABLE 1IV.
CIIEMICAL ANALYSES OF LEGRAND STONE.

" g | g :
o i [ & Q 2. qﬂ)
2 = =
o | 8¢ | 8. | S 2 =% | E3
stit . S & B & - o 7 2w
onstituents e =8 :: ig ;§ 59
Q:0 o 2 22 B > =
'8 = =5 C=, 28 C’?‘:
g = ° o = n
= = i = = e

Hygroscopic water (loss at 100° C.). 0.03 | 0.09 | 0.06 0.04 | 0.06 0.04
Combined water (expelled by igni- '

MR e g o . b e s g L | 0131 0.21| 0.15 019 0.32] 012
Silica and insoluble................. 0.77 = 0.96 .24 0.8 | 080 1.22
Carbonic acid (CO.)......... .. ... 43.62 43,30 | 43,79 44.85 | H.76 | 43.85
Alumina (Al.Oy) . ... oo 0 L. 0.05 1 0.07 | 0.18 0.14 | 0.15 0.14
Tron (Fe.,Ou) ... ... ... .. ... .. None None = 0.15 | 0.15 0.3 } 0.26
Iron (FeO) ... ... ... ... ... 0.09 | 0.27 0.09 0.19 0.10] 0.09
Lime (CaO)..........0 0. 0 . .. 5505 | B4.85 5056 | 4542 45.39 | 50.42
Magnesia (MgG)... ... .1 0.28 | 0.28 3.70 $.21 8.28 3.9
Manganese oxide (Calc. as MuO).... ....... 08 opmang | ssssmii| evaas Trace
Phosphoric acid.. .............. ... ST Trace Trace |.......|.......

Totals..... .... e | 100.02 100.11 | 99.92  99.99 100.06 | 100.10

PROBADRLE COMBINATIONS.

= | :
0.30 | 0.21 ] 0.23| 0.18 | 0.16

Water. ... ... Lo | 0.16
97.95 | 90.28 | 81.11 81.().3‘ 90.04

Calcium carbonate (CaCO,) ........ ‘ 98.30

Magnesium carbonate (MgCO,)..... 0.59 | 0.38| 7.77 | 17.24 | 17.39 8.08
Silica and silicates........ = e - e 2Q =
Alumina, iron oxide, ete. § < 0.95 | 1.37 1.74 | 1.42| 1.38| 1.72

TObAIS. ... .ot i 100.00 [100.00 110000 1100.00 [100.00 ‘ 100.00
|

TAMA COUNTY.

‘While the Kinderhook beds are helieved to lie immediately
beneath the drift over practically the entire county, outcromps
are limited to a comparatively small area along the middle west-
ern border.

Essentially the same members which have been noted in the
better sections at Quarry and LeGrand in Marshall county are
exposed in Tama county, but in Tama they are more weathered.
The Stevens quarry near the sonthwest corner of section 8 of
Indian Village township, about one and one-fourth miles west of
Butlerville, may be taken as fairly typical. The section s as

follows:



TAMA COUNTY. 399

F1G. 29.—View in the Stevens’ quarry in section 8, Indian Village township. The thin
layers at the very top are limestone. The sand and impure limestone layers between
contain numerous nodules of chert.

STEVENS QUARRY SECTION, BUTLERVILLE.

FEET.
15. Gray crinoidal limestone which weathers into thin pieces .. 1
14. Crinoidal limestone, gray in color, with numerous fossil
fragments.... ... . ¥
13. [Fissile limestone in thin layers, few fossils.................. 4
12. Brown magnesian limestone with layer of chert nodules two
inches in thickness at the top......... ... ... ... ........... %
11. Bed of rather soft, friable sandstone, much water seamed
and containing numerous chert nodules, fossils few........ 7

10. Arenaceo-magnesian limestone, fine-grained and quite hard,
brown in color, layers 8 to 12 inches in thickness; contain-
ing casts of a species of Chonetes, Productus, Rhynchonella

and Spirifer .. ... .o e 4

1

9. Bed of incoherent, brown, fine-grainedsand................ &
8. Band made up of chert modules............................ %
7. Impure arenaceo-magnesian limestone, few fossils.......... 1%
6. Bed composed largely of nodules of chert carrying a layer

of sand, 3 inches in thickness............................. 1
5. Magnesian limestone containing some fine-grained yellow sand 1%
4. Bed similar to number 5 above ... ... ... .. il 13

3. Layer of massive o6lite weathering into small bits and bearing
numerous fossils among which appear Orthothetes crenistra,
Spirifer biplicatus, Spirifer cf. extenuatus and Straparollus
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FEET.
2. Layer similar to number 3 above in lithological characters

and fossilcomtents. ...l i 43
1. Layer of light gray odlite similar to numbers 2 and 3 above 3

The oolite rests on the argillaceous sandstone exposed in other
sections in the vicinity and at the base of the northeast quarry at
LieGrand. The beds here exposed correspond to the coarse-and
fine-grained oolite and the magnesian limestone beds of the
Marshall county sections.

West of Montour in the southwest corner of section 21, In-
dian Village township, there are exposed in a small ravine:

3. Reddish brown clay, pebbly...... ... .. .. il 4
2. Odlite, light gray, fossiliferous............... ... ... .. ... 6
1. Odlite, similar in every respect to number 2 above.......... 3%

This is the abandoned quarry of the Oxford Lime Company.
The oolite was formerly used in the manufacture of lime and
considerable quantities were made at this place.

Other sections appear along the Iowa river toward LeGrand,
and along Sugar creek in Carlton township and Deer creek in
Spring Creek township. No new facies are presented.

WASHINGTON COUNTY.

The upper magnesian layers of the Kinderhook outerop along
South English river and its immediate tributaries, but they have
little to commend them for struetural purposes. They have been
developed, however, to a limited extent near Riverside and Was-
sonville, and have been used for rough foundation work, well
curbing and even for bridge stone, ordinary dimension stone
and caps and sills. The stone is rather soft and not pleasing in
appearance.

The Osage Limestone.

The Osage limestone occupies a triangular area in the south-
eastern portion of Towa, the base of the triangle resting on the
Mississippi river from Louisa to Lee counties, and the apex ex-
tending to the northwestward, reaching Keokuk county. Beds
referred to this stage of the Lower (larboniferous are most
extensively and typically developed in Des Moines county and
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especially in the vicinity of the town of Augusta. Five fairly
well defined sub-stages may be recognized and as all are well
represented in Des Moines county, their detailed descriptions
appear in the discussion for that county and a repetition is un-
pecessary here. It may be said, however, that the indurated
beds are chiefly limestones and that these supply the most im-
portant quarry rock in the southeastern portion of the state.

DES MOINTS COUNTY.

Limestones and shales which have been referred to the Osage
stage of the Liower Carboniferous immediately underlie the
drift over by far the larger portion of the county. The lime-
stones greatly predominate, although the shales become prom-
inent near the top of the series.

For convenience of discussion the Osage, as developed in
Des Moines county, may be divided into five fairly well defined
members : the Lower and Upper Burlington limestone; the Mon-
trose cherts; the Keokuk limestone, and the Keokuk and War-
saw shales.

The limestones are prevailingly pure, crinoidal and clerty
throughout. The first and fourth members are heavy-bedded and
coarse-lextured, while the second and third are generally thinly,
often rregularly hedded limestones.

The two divisions of the Burlington are the most conspicuons
formations in the county, and form the steep bluffs which face
the Mississippi, and its leading tributaries for a short distance
above their debouchures, along the entire length of the county,
and the Skunk river across the larger portion of the county’s
width.

The Lower Burlington occupies about fifty feet in vertical
section, including about twenty feet of calecareons shales at the
top. The limestone is coarse-grained, sub-crystalline, varying
from pure white to brown or rusty in color, and occurs in rather
heavy beds, espeecially near the base. Normally the rock is gray,
the rusty brown beiug due to water staining. It is often quite
cavernous. The nupper shaly horizon earries much chert in con-
cretions and bands and some caleareous ledees. The limestone
is suitable for structural materials throughout, while the shale

is practically worthless.
2
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The Upper Burlington lies in thinner beds, and is more cherty
and move shaly throughout than the lower membenr.

The most typical section of the Upper Burlington is shown in
the Miller quarry, just above Cascade.

SECTION AT THE MILLER QUARRY.

FEET.

f;
8
5. Limestone, brown and white, banded with chert, thinly bedded 6
¢ 0
2

Limestone, gray and white, heavily bedded................. 1
3. Shale, blue, argillaceous, fossiliferous.......................
2. Limestone, heavily bedded, white.......................... 5
1. Shale, blue, exposed............ ... i 4

The majority of the quarries in the county are developing the
Upper Burlington limestone. Quarries may be opened at almost
any place in the faces of the biuffs fronting the larger streams,
and excellent transportation facilities both by rail and water are
often available. Some of the more representative quarry sec-
tions are appended herewith.

CITY QUARRY, NEAR MAIDEN LANE AND SEVENTH STREETS

FEET
B, i0BSS i e 12
. Drift. . 2
4, Limestone, white, rather brittle, thinly bedded .............. 3
3. Limestone, yellowish, heavily bedded........ ... ... ... .. 5
2. Limestone, poorly bedded, with considerable sandy clay and
ChErt. L e 2
1. Limestone, white, solid bed............. .. .. ... .. ... ..., 6

The quarry supplies stone suitable for curbing and other
dressed stone from numbers 1 and 3. The waste from these layers
and from nnmbers 2 and 4 can be used for macadam and other
crushed stone purposes.

Extensive quarries were operated by the government at Pienic
Point about two miles south of Cascade. These quarries are
now idle. The quarry section exposed is as follows:

PICNIC POINT QUARRY SECTION.

7. Loessand drift upto.........ooo i 15
6. Limestone, very cherty, brown, sub-crystalline, chert weathers
yellowish ... 10
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FEET.
5. Limestone, brown, encrinital, sub-crystalline, chert mainly in
two zones; much weathered and cavernous in places...... 10
4. Limestone, oolitic, somewhat shattered ............ .. ..... 14
3. Sandstone, argillaceous and calcareous, heavy-bedded when
fresh; weathers decidedly shaly above; occasional large
cherts in upper portion......... .. ... . ..o 3

)

Limestone, concretionary zone, white and blue limestone,
weathers yellow, and breaks up into thin, irregular layers.. 9
1. Sandstone, argillaceous, white, washes on exposure, and ap-
parently is pyritic; has a decidedly sulphurous odor, ex-
POSEA e e 10

About one and one-half miles below the Government quarries,
some quarrying is being done. Lime was burnt here and two
kilns in a fair state of preservation still mark the site. The beds
exposed are practically tlie same as these at the Pienie Point
outerop.

North of Burlington good outcrops are of somewhat less
vertical extent, but equally numerouns. In Flint River township
a quarry on the northwest quarter of the southeast quarter of
section 25 may be taken as a type and is given below:

LOFTUS QUARRY SECTION.

FEET.
6. LOCS® L i 4
S 8 10
4. Limestone, thinly bedded, with considerable chert....... ... 8
3. Limestone, sub-crystalline, irregular, heavily bedded........ 10
2. Limestone, white, solid bed............. .. ... ... ... .. ... 6
1. Limestone, dark gray, somewhat irregularly bedded, exposed 4

All of the imdnrated rocks may be referred ta the Upper
Burlington. The heds may be viewed still farther to the north-
west in Pleasant Grove township. In an old quarry on the north-
west quarter of section 12, the following heds may be made ont:

PLEASANT GROVE SECTION.

Loess and drift. ... ..o e 10
Limestone, heavily bedded ............ ... ... ... ... ......
Limestone, rather brittle and poorly bedded ................
Limestone, white, heavily bedded.............. .. ... .....
Shale, yellow, or calcareous sandstone......................
Limestone, gray, irregularly bedded ............ ... ... ...
Tt L o e
Shale, or yellow sandstone, calcareous......................
Limestone, thinly bedded......... e

N W Rty N1 W
W H P ODE D
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Stone is supplied to Pleasant Grove, Washington, and a large
part of Yellow Springs and Franklin townships from these quar-
ries. The stripping increases rapidly back from the face of the
bluff, and quarrying has been and is carried on in a very desul-
tory manner.

The Montrose cherts while present in numerous outerops do
not contribute materially to the natural wealth of the county.
Commercially they are suitable only for crushed stone produets.
They are best exposed along the Skunk river. The chert beds
rise to the north and only rather unimportant detached areas are
known.

The Keokuk limestone occupies a broad belt across the south-
west portion of Des Moines county, covering about one-fourth
of its superficial area. This limestone is distinguished from the
Burlington, lithologically, by its prevailingly blue color, less
erystalline texture, and greater compactness.

The Keokuk limestone is a heavy-bedded, reasonably pure cal-
cium carbonate well adapted for structural purposes. It is less
quarried than the Burlington, on account of greater overburden
and poor transportation facilities.

A representative section may be viewed in the vicinity of
Augusta, where both the Montrose cherts and Keokuk beds are
well shown. The sequence is as follows:

AUGUSTA SECTION.

FEET.
4.0 Db, S
3. Limestone, bluish, encrinital in places, clay partings, often
highly lossiliferons (Keokuk) ... ... . . . . 20
2. Chert, white, thinly bedded, with thin irregular bands ol
limestone (Montrose) ..... BT+« e e e e e e e 30
1. Limestone, white, coarse-grained, encrinital (Upper Burling-
for), exposed.... ..o oo s DD

Farther up the Skunk river the Saint Louis limestone and Coal
Measures come in, and the Keokuk beds dip below the level of
the stream. Small quarries have been worked from time to
time in Danville and Union townships, but these were of local
interest only. In many of the outerops, cherty material is so
abundant that the stone is practically worthless save for erushed
stone purposes.
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KEOKUK COUNTY.

The Osage limestone is believed to occupy a triangular area
in the northeast corner of the county and several patches are
known to oceur in the interior of the county. The most im-
portant outcrops may be seen along Rock ereek and Skunk river
north to northwest of Ollie. The formation rises forty feet
above the river. The stone varies from light brown or white to
gray in color. It is medium to coarse-grained, sub-crystalline
and lies in ledges usually three to ten inches in thickness, sep-
arated by clay and chert bands. It is highly fossiliferous, often-
times consisting largely of a shell breccia and fragments of
erinoid stems. The most extensive section oceurs in the vicinity
of Manhattan Mills. The following sequence was determined by
Bain:

FEET.
7. Soil and drift of indefinite thickness ... ... ... oL 2-40
G. Sandstone, quartzose, in part calcareous, soft, yellow.... ... 14
5. Limestone, finely brecciated.... ... ... ... il 1
4. Limestone, compact, gray, cherty ............ .. ... ... .... 20
3. Limestone, earthy, brown, containing numerous chert nodules 15
2. Limestone, coarse sub-crystalline, blue and gray in color,
fossiliferous, in ledges 9 to 20 inches thick, separated by
shales 6 to 8 inchex in thickness; bands of chert nodules 3
t0 10 inches thick near the top.... ... ... ool 26
1. Limestone, as above ........ .. .. . . . e 14

Numbers 1 and 2 in the above section belong to the Osage, the
first being exposed in the Weber quarry near the mill, while num-
ber 2 comprises the chief formation in the Cook quarry. Number
3 1s referred to the Springvale beds, and outerops above the
quarry tracks, while numbers 4 to 6 inclusive belong to the Verdi
beds of the St. Louis stage and are exposed along the old right
of way leading to the Cook quarry.

The railway switch has long since been abandoned and the steel
removed. Quarrying is carried on only to supply the local de-
mand. In a local quarry still in operation, the following beds
are displayed:

4. Locess, waste and drifé. ... ... ... o i 1-5
3. Limnestone ledge, similar to number 1....................... 1
2. Limestone, thinly bedded, concretionary and cherty; shaly 3
1. Limestone, blue-gray, evenly bedded, about five ledges ex-
posed, varying from 6 to 12 inches in thickness; sometimes
there is a shaly parting near the middle; fossiliferous ..... 3
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Numbers 1 and 3 afford a good quality of stone for coursing
and rubble work. The several other exposures of Osage lime-
stone present no new features.

LEE COUNTY.

The Osage limestone comprises a very considerable portion of
the country rocks in Lee county and forms the greater part of the
vertical extent of the bluffs on all of the streams bordering the
county. In the interior it is largely overlain by the Saint Louis
and the Coal Measures.

It includes quite a diversity of beds which for convenience in
discussion are divided into three groups of limestones which are
separated by shales and chert beds. The lowest member is gen-
erally known as the Burlington, which many investigators have
divided into Upper and Lower Burlington. This is separated by
chert beds from the middle member, the Keokuk limestone, which
in turn is separated by shales and geode beds from the upper-
most member, known as the Warsaw.

The Lower Burlington, while composed in part of heavy beds
of sub-crystalline limestone, is nnimportant in the present con-
nection as it comprises only a narrow strip along the base of the
Skunk viver bluffs north of Wever and a few miles east of the
town of Augusta in the northeastern part of the county.

The Upper Burlington is very similar in charaecter to the Low-
er Burlington, but usually ocenrs in thinner beds and carries a
greater abundance of chert in irregular nodules and thin bands.
The Upper beds are best exposed in the bed of Skunk river at
Aungusta. The flinty beds of the Upper Burlington are sometimes
called the Montrose cherts. Thev appear along the Mississippl
river from Montrose to I{eokuk. Between these points they con-
stitute the bed of the river and cause the obstruction to naviga-
tion known as the Des Moines rapids. While both members of
the Burlington afford good material for constructional purposes,
neither is sufficiently accessible to merit extended notice.

A quarry has been opened in the Burlington limestone, west
of Wever. The beds worked are as follows:
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FEET
5. Soilanddrift... .. ..o i 4
4. Limestone, brownish, thinly bedded, with some chert, en-
erinital ... .. e e 14
3. Limestone, white, rather soft, somewhat cherty in places.. .. 4
2. Limestone, yellowish............. k

1. Limestone, hard, brown, encrinital, heavily bedded, exposed 2

Other openings have been made in the near vicinity but while
the stone is durable and pleasing in appearance, the aggregate
annual output has never been large and is practically nil at this
time.

The Keokuk beds are typically developed in Lee county, but
at the same time their surface area is relatively small. These
beds occupy the larger portion of Denmark township and a part
of Washington. In addition thin beds are exposed in the bluffs
facing all of the larger streams. Along the Des Moines river,
while the KKeokuk is present above the water-line, it is largely
obscured by heavy talus slopes. In general the formation con-
sists of twenty-five to forty feet of coarse-grained, bluish, often
crinoidal limestone, overlain by rather more than thirty feet of
shales, generally known as the geode beds. Chert is quite prev-
alent througl the limestone, while some heds are somewhat
argillaceons and from these two causes, many of the layers are
unfit for dimension stone, but are serviceable for erushed stone
purposes. The bes{ layers for dimension stone are known as the
““White ledge’’ whicli 1s quarried in Keokuk and vicinity. The
heaviest beds and thinnest partings are near the base, while the
beds hecome thinner and more argillaceons in character near the
top, grading into the geode beds above.

The geode bheds are of small importance in the discussion of
“quarry products’’ save as a possible source of shales suitable
for use in tlie manufacture of Portland cement. The lower half
is made up largely of more or less indurated calcareous shales
with some chert and occasional bands of limestone, graduating
downward into the limestone below. The upper half is more ar-
gillaceons, sometimes slightly arenaceous and less calcareous
and ~lakes more readily under weathering influence than the
lower portion. The siliceous and caleareous concretions give
name to the formations and are quite generally, although not
universally, present in sountlieastern Iowa.
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The Keokuk limestone has always been a large contributor to
the stone output of the county. Numerous guarries have been
opened, and it is this horizon which affords the greater portion
of the quarry rock in, the vicinity of the city of Keokuk. As a
rule the formation is compact, rather hard, often -sub-crystal-
line rock, of an ashen or bluish gray color. Tt presents an even
to conchoidal fracture.

The Warsaw beds comprise a buff magnesian limestone at the
base, in a massive layer often ten to twelve feet in thickness;
‘blue arenaceous shales with intercalated limestones in thin bands,
and at the top a buff, sandy limestone locally called ‘‘sandstone.’’
These beds are typically developed at Warsaw, a town five miles
below Keokuk on the Illinois side of the river.

The quarry rock of the Warsaw is chiefly a magnesian lime-
stone containing some sand and small pebbles. It is generally
called sandstone. The principal quarries are located at Sonora
on the east side of the river. The rock occurs in a massive layer
ranging from six to twelve feet in thickness, is bluish to yellowish
in color when first taken out of the quarry, but, on exposure to
the weather for some time, it changes to a buff or brown. The
stone has been used in the building of the locks and many of the
most important structures in the city of Keokuk. It has also
been nsed in pier and bridge work. It is very durable and highly
prized for all grades of dimension and cut stone work. The
principal quarries in the county are located near the city of
Keokuk, within half a mile of the railway bridge erossing the
Des Moines river, and near Ballinger, above the city along the
Mississippi river.

Of the numerous sections of Osage available, only sufficient are
selected to illustrate the principal features of the beds. There
1s an almost continuous outerop of these beds in and about the
city of Keokuk and facing the principal streams on the three
sides of the county.

The Tigue quarry, a short distance west of the Rand lumber
vard, is one of the oldest openings in the vicinity. It has been
in operation for more than forty years. The section is as fol-
lows:
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FEET

4. Soiland drift....... ... ..., e 8

3. Limestone, thinly bedded, with considerable calcareous shale 6

2. Limestone, more massive than 3............................. 9
1. Limestone, rather sandy, with shaly partings, exposed to rail-

way track. ... e 14

In the west part of the city of Keokuk, along Soap creek for
a distance of fully one mile, quarries have been opened at a num-
ber of points. The section exposed near the mouth of Soap creek
is given below:

FEET.
8. Soil and drift of variable thickness.
7. Shale, cherty.. ... . . 6
6. Shale, calcareous, with intercalated beds of limestone; some
geodes present....... ... 8
5. Limestone, drab, impure, heavily bedded, shaly below....... 12
4. Limestone, light colored, with nodular masses of chert; the
Swhite ledge’ .o 3
3. Limestone, argillaceous and massive, with spheroidal masses
of calcite, sometimes carrying millerite.................... 5-6
Limestone, coarse, gray, encrinital, cherty................... 3
1. Limestone, with chert in irregular beds, exposed............. b

North of the city about one-fourth mile north of Ballinger
station on the C. B. and Q. Railway, the Tucker and McManus
quarry displays the following beds:

FEET.
7. Soil, loess and drift. ... ..o i 0-10
6. Limestone, weathered, soft, yellowish above, blue-gray be- '
low; yields some rubble where protected; somewhat
ChertY . .o e e 10-15
5. Limestone, shaly. ... ... .. i 1

4, Limestone in two heavy beds, the upper about three and
the lower three and one-half feet in thickness, separated
by a one foot shaly parting; fossiliferous and sub-crystal-
Hme. o e e 7%
3. Limestone, cherty, sub-crystalline, similar to 1, somewhat
irregularly bedded; where sufficiently free from chert yields

good rubble stone........ ... ... i il 8
Limestone, evenly bedded, gray-blue, sub-crystalline....... 1%
1. Limestone, chert present as bands and nodules, irregularly
distributed throughout, exposed......... .......coooo. .. 6

In this quarry the beds dip to the northwest. Numbers 2 and
4 furnish the best dimension stone. Only hand methods are
used in quarrying, although a steam drill is employed. Power
for drilling is supplied by an ordinary traction engine. The
waste stone is loaded in cars with removable beds. The car
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beds are swung up to a (Gates crusher by means of the only der-
rick used in the plant. All of the stone below the weathered
zones 1s utilized. The crushed stone is graded by being passed
through a cylindrical screen. Storage bins are provided for the
larger sizes. The dust is removed by a belt conveyer and
dumped on the ground. In addition to crushed stone, rubble
and dimension stone are produced. This is the most important
quarry in the county at this time.

LOUISA COUNTY.

The underlying, indurated rocks that are exposed in Louisa
county belong almost exclusively to the Kinderhook and Osage
stages of the Mississippian. The Kinderhook beds consist chiefly
of soft clays and impure limestones, with occasional strata of
sandstone. The Osage is represented by the heavier, more dur-
able beds of the Burlington limestone. Exposures are found in
the sonthern and southwestern portions of the county. They
appear to best advantage in the bluffs west of the Mississippl
and south of the Towa river in Klliott, Wapello and Morning
Sun townships. Outecrops are also common along the streams in
Columbus and Elm Grove townships.

The best stone comes from the Upper Burlington beds and all
of the present working quarries make use of these strata. The
lower beds were formerly worked on the property of J. D. Ander-
son, just south of Klrick Junction, but this rock is usually too
much weathered to furnish durable building material. The prin-
cipal quarries are located near Morning Sun on Honey creek and
on Long creek and its tributaries.

The Chas. B. Wilson quarry, one and one-half miles east of
Morning Sun in the southwest guarter of section 28, affords a
characteristic section of the Upper Burlington. The following
details are based in part on data found in the Geology of Louisa
County.*

6. Disintegrated crinoidal limestone, hrown to yellow........... 3%

5. Partially weathered crinoidal limestone containing some chert;
ledges 4 to 6 inches thick, fairstone....................... 2%

4. White chert, nearly fails in places. .......................... ks

*J. A. Udden, Towa Geol. Survey, Vol. XI, p. 76.
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FEET.
3. Yellowish fine-grained limestone, containing open pockets

often lined with botryoidal calcite or quartz crystals, soft

and can usually be crumbled to a powder in the fingers.... 1-3
1. Coarsely crystalline pure limestone, light brown to bluish

white; in ledges from one foot above to massive three-foot

ledges below; stylolitic jointing very common; free from

Chert. L e e 6

The quarry base is about twenty-five feet above low water in
Honey creek. This depth consists largely of cherty limestone
in part obscured. A face approximately one-fourth mile in
length has been opened on both sides of the stream and a large
amount of stone removed. With the exception of the upper few
feet, there is little worthless material in the section, and num-
bers 1 and 3 especially afford a most excellent stone for any
of the finer grades of work. A considerable acreage is available
at this point, both to the east and west of Honey creek, over
which there is no drift and little else to require much dead work
in stripping. .

A similar sucecession is found at the W. C. Bryant quarry just
south of the Towa Central track in the southeast corner of see-
tion 29. Seven and one-half feet of number 1 are quarried, and
the opening has reached such a depth that number 2 is quite
firm and unweathered. It is seen to be a coarsely granular and
fossiliferous brown limestone similar to number 3, save for the
presence of numerous geode cavities. The heavy beds furnish
suitable stone for heavy foundations, bridge piers, and other
masonry work, besides walls and finishings. The white stone
does not, however, split with uniformity in any direction except
along well defined lines of stratification.

The stone is handled in this quarry by derrick to wagons and
some 1s shipped from Morning Sun.

Number 1 in these quarries is an unusuvally pure limestone
as shown hy the chemical analysis, given herewith, of a sample
from the Wilson property.

Insoluble . e 1.60
Iron oxide and alumina (Feo O, 4 ALOLY ..o . 1.20
Lime earbonate (CaCO,) ... ... ... e 97.02
Magnesium carbonate (MgCO,) ..o B2
Hyoroseople molsture. ... .o e e .34
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The very low magnesia content commends the stone for the
manufacture of Portland cement. It would also make, without
~douht, an excellent grade of white lime.

Both the Wilson and the Bryant quarries are conveniently
located for transportation of the output by rail. The stone is
of high guality and limitless quantities are available. The ter-
ritory to be supplied is principally the counties to the westward
of Louisa which are heavily drift laden and possess no building
stones of their own.

The Ackenbanm quavry is located in the northwest quarter of
section 27, Morning Sun township. The beds here consist of
about three feet of overlyving disiutegrated crinoidal limestone,
associated with the lighter colored heavier beds as exposed on
Honey creek. The latter are beds coarsely erystalline to sac-
charoidal in texture. A stylulitic structure is commmon bhut the
rock splits irregularly and with no greater facility along such
lines of jointing. The stone ounterops for some distance along
Grospel run and at the quarrvy face is covered with but one to
three feet of loess-like soil. Immediately back from the streams,
however, there is a heavy drift covering.

There are a number of small gunarries situated along Long and
Buffington ereeks in Colambus and Elm Grove townships re-
spectively. The old Wasson, now C. .J. Gipple, quarry, in the low
terrace along the sounth bank of the south hranch of Long creek
in the northwest corner of section 23, Ilm Gurove, affords the
following section:

FEET.
9. Soil in small amount which does not thicken materially for
several rods from quarry face.
8. Limestone, badly shattered, containing much chert below ... 7
7. Disintegrated limestone carrying much chert. Worked back

in the hill, becomes a fairly firm rock of bluish color and
crystalline texture; separates into ledges of 6 inches to 1

fO0b. L 3
6. Yellow, disintegrated limestone, in part solid and coarsely
erystalline. ... ... i e 3
5. Blneshale, calcareous.... ... ... ... i 1
4. Band of chert, fossiliferous, persistent, used for building rock.
A maximum of ... oL 1
3. Yellow, badly disintegrated crinoidal limestone with geode
cavities, in part a crumbling brown sand......... ... ... ... 4 -
2. Yellowish, partially disintegrated but usable limestone....... 13

Crinoidal white limestone, in ledges from 6 to 10 inches.
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No. 1 is not now in sight but has been taken out to a depth of
twelve feet as the principal quarry rock. The base of the full
guarry face would therefove, be somewhat helow water level in
the creek.

These same bheds crop at an indefinite number of points in
this vicinity on.l.ong creek and in section 14 of Elm Grove town-
ship on Buffington creek.

J. L. Thurston takes out a small amount of stone near the
northwest corner of section 14, and J. E. Gray and J. M. Mar-
shall gquarry the same ‘‘white’’ heds in the north part of section
3, Columbus township. At the Marshall quarry, considerable
stone has been gmarried in the past and there is less stripping
needed than at other observed points where quarrying is done.

Western Louisa county in general, is heavily drift laden and
the rocks are exposed only at imfrequent intervals along the
streams.

VAN BUREN COUNTY.

Both the Upper and Lower Carboniferous series are repre-
sented in the vocks of Van Buren county; the former by the
Lower Coal Measures or the Des Moines stage and the latter by
the limestones of the Saint Louis, the shales and limestones of
the Keokuk and the Montrose cherts of the Burlington sub-stage.
Exposures oceur chiefly along the Des Moines river and its
tributaries, although a few outerops of the Saint Louis are to he
seen along Cedar creek and branches, near the northeast corner
of the county.

The beds belonging to the several stages and formations hear
the customary relations to each other. Between the Des Moines
and the Saint Louls is a major unconformity and evidences are
to be observed of a break in sedimentation between the Saint
Louis and the Keokuk beds. A marked anticlinal with its crest
at Bentonsport brings the Burlington ¢lierts into view in the
channel of the Des Moines river between Bentonsport and Bona-
parte. A maximum of forty feet of these beds is exposed, but
they disappear both to the north and south within narrow limits.
The Burlington consists of beds of chert with occasional bands
of limestone or calcareous shale but affords in this county no
quarry produets.
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Keokuk beds:—This member is exposed along the Des Moines
from the mouth of Rock creek in Washington township to the
southeast corner of the county. It is found exposed in only a
narrow belt along the river, where it is usually overlain by the
limestones of the Saint Louis. The formations belonging to the
Keokuk sub-stage in Van Buren county consist of the Keokuk
limestone below, the Geode shales and, at the top, the Warsaw
shales. C. H. Gordon writes as follows regarding the Kenkuk
limestone, its distribution and character:

“The Keokuk limestone makes its first appearance in the ex-
treme southeastern part of the county on a small branch on the
south side of the river. About six or eight feet are exposed, and
quarried to a limited extent. The next appearance is at the
mouth of Reed creek, where about ten feet of bluish gray lime-
stone, coarse, sub-crystalline and mostly thin-bedded, are ex-
posed. As the strata rise toward the west, lower beds come into
view, and are seen well up in the bluff below Bonaparte, with
nearly thirty feet of the Burlington chert beds below. The lime-

F1a. 30—Davis quarry, west of Bentonsport, Van Buren county. Heavy beds of magnesian
~andstone (Warsaw Sandstone).
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stone has been quarried at several places here, but it contains
large quantities of chert. Much of the rock is also shaly and
the bedding of the better quality of rock is quite variable. At
Bentonsport at one time, quarrying was carried on quite exten-
sively. The principal quarry bed is from five to cight feet
above the base of the division and perhaps represents the same
lecdlge as that quarried at Keokuk and there termed the ‘“white
ledge’’. The upper lavers at the qnarry are thinner. The
horizon between the thicker and thinner beds is marked by a
series of undulations of one of the beds remarkable for their
regularity. The verticnl interval of the unduations does not ex-
ceed ten inches, while the horizontal interval does mot vary muel
from fifteen feet throughout the whole extent of the quarry. On
the opposite side of the river the rocks are well exposed for some
distance up Bear creek, and show essentially the same characters
as elsewhere in southeastern Iowa.”’*

The limestone has been quarried at a number of points in the
vicinity of both Bonaparte and Bentonsport but most extensively
at the latter place, where the following is the approximate
section :

FRET
7. Geode shales, af quarry face......... ... ... L. 10+
6. Argillaceous limestone, carrying much chert and some geodes 2
5. Blue-gray limestone in thin ledges with interbanded black
shale and numerous chert bands........... ... ... ... .. 8
4. Persistent bed, blue, crystalline, fossiliferous limestone with
usually a bancd of chert.... ..o oo 14
3. Calcareous, davk gray shale.......... .. ... . ... .. ... ...... ]
Heavy bed, clean, blue-gray, coarsely crystalline.... ........ 14

1. Calcareous shale.

The guarry face is intermittently open in the bluff above the
town for one-fourtlh of a mile. The base of the quarry is about
forty fect above water in the river and twenty feet higher than
the railway track whicl runs at the foot of the bluffs. Numbers
2 and 4 only have been used, and these have furnished stone for
bridge piers and riprap. The stone has not proved very dur-
able in exposed positions. Tt is believed, however, that all the
beds might be used for erushed stone and the situation is sult-
able for such an industry. The exposures are in general covered
with the geode shales and heavy drift.

* Geology of Van Buren County, lowa Geological Survey, vol. 1V, p. 211.
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Equivalent beds have been worked by the Chicago, Rock Island
and Pacific Railway Company, three-fourths of a mile east of the
town, but they arve no longer used.

In the vicinity of Bonaparte the Keokuk limestone is occasion-
ally quarried for local nse. The following lavers are to be seen
in the southeast quarter of the southwest quarter ot section 9,
Bonaparte township:

FEET.
TR 3 1 3-10
2. Limestone, blue, irregular, thin-bedded; intermixed with
layers of shale; fossiliferons, cherty.......... ... ... ..... T4
1. Limestone, blue, hard, cherty, thick-bedded, main quarry
rock; exposed. .. §

Farther up Mack creek the fine-grained vellow limestone ap-
pears and has been quarried at a few points.

WASIHINGTON COUNTY.

Timestone heds referable to the Osage outerop at numerous
points in a belt which crosses the middle portion of the county
m an east and west diveetion. Quarries have been opened north-
west of Washington and nortlh of Wellman., The Fekels quarry,
located on the southwest uarter of section 2, township 75 north,
range VIIT west, preseuts one of the best sections between Wash-
ington and West Chester and is given helow.

ECKELS QUARRY.

FEET.
S 97 Y 12
2. Drilt. . 03
1. Limestone, coarsely sub-erystalline, blue, gray and white in
color, running in ledges from 3 to 20 inches in thickness... 20

Other quarries in the neighborhood display less extensive
sections and present no new features of importance. Chert
hands are quite common in all of the quarries and in one of the
quarries an earthy to arenaceous bed ecarrying calcareous
geodes wmay be viewed. North of Wellman, near Dayton, an
old quarry shows the following indurated beds:

FEET.
3. Limestone, buff, arenaceous. .........c.oour e, 5
2. Limestone, brown, coarse, sub-crystalline, fossiliferous.... .. 3
1. Limestone, blue to gray, {inely sub-crystalline, fossiliferous.. 4

The stone very closely resembles that quarried in the Wash-
ington district. Openings liave been made at other points, but
are of local interest only.
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The Saint Louis.

The Saint Louis stage of the Lower Carboniferous has been
separated by Bain into three sub-stages. The lowest of these,
the Springvale beds, comprises a limestone formation varving
from earthy or argillaceous limestones as developed in Keokuk
county at the type locality to massive limestone beds in Henry
county. As a rule the beds are not important as a source of
quarry products. The middle member, or Verdi beds, is exceed-
ingly variable in composition and texture, ranging from sand-
stones to shales ov limestones. The different kinds of sediments
give place one to another, lrorizontally, so that a stratum that
1s shale In one part of the exposure may be represented by
sandstone or limestone at no great distance to the right or left.
No important quarries helong to this horizon. The uppermost
member, or Pella beds, is the most uniform in character and is
fairly persistent over considerable areas. The beds are usually
quite pure limestones, are of good thickness and evenly bedded.
The Pella beds comprise the most important member of the
Saint Louis stage from an economic standpoint.

DES MOINES COUNTY.

The Saint Louis limestone covers a small area in the sonthwest
corner of the county. The prineipal outerops oceur in the val-
leys of Long and Cedar creeks and the Skunk river. The beds
comprise, in descending order, a white clay marl; gray flag-like
linestone; hrown, arenaceons limestone; and a concretionary
and brecciated limestone.

The gray, coarse-grained limestone is regularly bedded, and
oceurs 1n thin, flag-like layers from two to five inches in thick-
ness. It is quite compact and outerops on Long and Cedar
creeks north of Aungusta, where some quarrying has been done.

The brecciated imestone is a very fine-grained, compact lime-
stone, light blue or ash-gray in color, and breaks with a well
marked conchoidal fracture. The fragments are all more or less
angular and vary in size from microscopic particles to blocks
several feet in length. They are firmly embedded in a matrix
of a hard, greenish, calcareons clayey material which weathers
more readily than the limestone fragments. As far as known
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the flagstone member of the Saint Louis is the only one which
has been quarried and the beds as a whole are much less impor-
tant from an economic standpoint than their equivalents in Lee
county.

LIME.

All of the major divisions of the Lower Carboniferous rocks
developed in the county contain beds suitable for the manufac-
ture of lime. This is especially true of the Osage stage. Lime
has been manufactured at a number of points, notably in -the
vieinity of Burlington, Augusta and along Flint river. Two
kilns, in o fair state of preservation, still stand near Patterson.
No lime was produced during the past year.

HAMILTON COUNTY.

The Saint Louis limestone comprises the only available beds
in the county which are sufficiently indurated to be used for
structural purposes. On account of the distribution of the Coal
Measures over almost the entire county and the great thickness
of the drift, exposures are limited to the immediate vicinity of
Beone river from a short distance ahove Webster City to seetion
31 in Independence township. Along a small creek which flows
into the Boone river just below the mill in Webster City, a quax-
1y has been opened and operated more or less continuously for a
number of years. The section which can be made out is as fol-
lows:

SWANSON QUARRY.

TEET.
5. Loam and drift. ... ... e 27
4. Sandstone, clayey, fissile, ash-gray in color.................. 2
3. Limestone, impure, thinly bedded, much weathered, in places
altered to a calcareous, arenaceous clay................... +

Limestone in fairly heavy beds, with occasional quartz geodes 4-5+
1. Sandstone, light colored, somewhat friable but in places hard
enough to be used for structural purposes, exposed........ 4

Number 2 constitutes the principal quarry rock, and was for-
merly much used locally, and is practically the only native stone
available for structural purposes. It is a fairly pure limestone,
of fine, even texture, varving from a gray to a yellowish buff.
1t shatters when subjected to changes of temperature when wet,
but gives good service when put in the wall dry. The upper
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members exposed are rather inconstant and in places are absent,
the drift here resting directly on number 2.

While similar sections are exposed both up and down the
river from the Swanson quarry, the excessive overburden, the
small thickness and the indifferent quality of the beds make
quarrying on a commercial scale impossible.

The phase of the Saint Louis exposed in Hamilton county
closely resembles its development in Story county and probably
represents the Verdi sub-stage, which is typically exposed from
Marion to Washington counties.

HENRY COUNTY.

The various sub-stages of the Saint Louis limestone imme-
diately underlie the glacial debris over practically the entire
county. The Coal Measures fringe the south and west borders
more or less inferruptedly, with small patehes in the interior,
and two narrow bands of the Osage limestone are exposed along
the Skunk river in the south central and southeast portions of
the county.

The lowest member, or Springvale sub-stage, 1s dolomitic in
character, occurs in heavv beds, and affords material suitable
for heavy masonry. The best sections occur in Baltimore town-
ship, and to a less extent in'Jackson and Center townships. As
a rule, the beds suitable for structural purposes are under a
heavy overburden and can be quarried only at great expense.
The following sections will serve as fair examples.

Section about one mile east of Lowell, in Baltimore township,
north of wagon road:

FEET.
7. Clay, reddish colored and gravelly .......................... 6
6. Limestone, impure, rusty brown ........... .. ... ... ...... 2
5. Limestone, brown, magnesian, similar to 4.................. 4
4. Limestone, magnesian, obscurely laminated................. 3%
3. Limestone, brown, magnesian, in layers three to seven
inches thick..... ... ... .. . i 8
2. Limestone, fine-grained, magnesian, brown, in layers one to
three feet thick......... ... ... . .. . L 10

1. Limestone, variable, partially concealed down to geode beds
of Keokuk sub-stage ........... . ... ... .. ... .. 9
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The heavy dolomitic beds would undoubtedly give good serv-
ice for heavy masonry, bnt have been but little developed and
are not reaclily accessible.

The middle member of the Saint Louis, the Verdi, as devel-
oped in the county, is charaeteristically variable in composition,
texture and strueture, and hes little to commend it commercially
save for crushed stone pnrposes. [t has not up to this time been
exploited on its own account. Tt has heen worked only to a
limited extent in connection with the beds above and below.

The uppermost member, or Pella beds, is the most widely dis-
tributed and most generally accessible of any of the divisions
of the Saint Lows and has heen more extensively developed than
any other formation in the county. While the quarrying indus-
try amounts to but Jittle at the present time, large quantities
of stone have been produced by the quarries near Mt. Plcasant,
along the IKeokuk and Western division of the Chicago, Burl-
ington and Quincy Railway. The old Winter quarry, located
in the south bank of a small stream emptyving into Big creek
from the novth, near the railroad bridge in the southeast quarter
of section 17, Center township, shows the following section:

FEET.
12, Drift, reddish brown. ... ... ... 4
11. Limestone, gray, weathered, shaly ........... ... ... ... ... 6
10. Limestone, light gray, compact, layers ten to twenty inches
in thickness. ... ... .. . . 5
9. Limestone, gray, evenly bedded, in layers two to eight inches
In thickness. ... ..o i e
8. Limestone, gray, flaggy, two to four inches in thickness...... 1
7. Limestone, fine-grained, in undulating layers one to three
feet thick. . ... i e 8
6. Limestone, fine-grained, gray, brecciated, in places much
shattered . ... .. o )
5. Sandstone and shales in lentils and irregularbeds............ 6
4. Limestone, light colored, arenaceous, in places flexed and
often brecciated ... ... .. . e 6
3. Chert in a band rather than in nodules...................... 14
2. Limestone, impure, yellowish; the upper portion in thin
layers, the lower a single bed three feet in thickness....... 4

. Laminated beds, one to three inches in thickness, consisting
of brown, magnesian layers above, thin lavers of odlitic
limestone in central portion and arenaceous magnesian
limestone below . ... o 5
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The upper surface of number 1 presents numerous dome-
shaped elevations ranging frem two to four feet in height and
ten to twenty feet in diameter. Both 1 and 2 show well defined
ripple marks in places.

The Pella beds are exposed at numerous other points, but on
a less extensive scale than in the ahove section, and do not pre-
sent any new features worthy of mention. While quarries have
been opened and operated fromn time to time in practically every
township in the county, those in the vicinity of Lowell, Salem,
Oakland Mills, and Mt. Pleasant are the most important.

LIME.

All of the limestone when burned yields a usable grade of lime.
In the early history of the country, sufficient lime was produced
to supply local consumption. In recent years, however, the in-
creased cost of wood fuel, the modern plants at other places,
combined with cheap freight rates, have conspired effectively
to put an end to the local industry.

HUMBOLDT COUNTY.

The Saint Louis limestone appears at several points along
both branches of the Des Moines river and in Weaver township.
It forms a solid foundation for a large portion of the city of
Humboldt, as the cellars of many of the principal buildings were
excavated in it, and, it is said, produced enough stone to build
their own walls. The stripping or overburden of soil and drift
is so thin in places that these limestone beds afford a natural
pavement. The Saint Louis overlies the IKinderhook uncon-
formably, although good natural exposures showing the contact
are scarce. The most extensive section in the county appears
along the east bank of the river, near the south line of the county.
The beds are as follows:

FEET.
9. Drift of variable thickness.
8. Sandstone, probably Coal Measures............... .......... 6- 7
7. Limestone, in thin layers, arenaceous........................ 6-10
6. Limestone, heavy-bedded, containing angular fragments of
lithographic stone.......... ... .. .. i 57
5. Shale, with pockets of clay; variable in thickness; a thin part-
23 1

4. Limestone, hard and dense................... .. .. ... 4
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FEET.
3. Limestone, regularly bedded, more or less arenaceous, about 2
2. Talus to water level. .. ... .o i 4
1. TLimestone, soft, whitish or bluish in the bed of the river. On
exposure turns brown or vellow and washes readily nnder

rain. Occurs in layers six to eight inches thick, and is said
to overlie blue shales.

Number 1 has been quarried in the bed of the river for local
use. Number 7 is the most characteristic and clearly defined
member of the series. It oceurs in lavers three to four feet
thick, is unevenly bedded, more or less brecciated and breaks
off in Jarge blocks as undermined hyv erosion of the thinner beds
below. This particalar horizon also outerops in sections 31 and
32 in Grove township.

The Bull quarry near the center of Humboldt exposed the
foltowing section:

FEET
3. Driftand soil ... o o 1-2
2. Limestone, thin-bedded, with flinty lavers, passing into beds

Of Clay . o e e e 2
1. Limestone, blue, evenly bedded, of variable texture.... ... .. 6

Number 1 rests unconformably upon the subjacent limestone,
which i« supposed to belong to the Kinderhook. Other exposures
of the Saint Louis limestone oceur at the ‘“Sandstone Quarry’’
in Rutland, and at several points in Avery and Weaver town-
ships. The best beds unsuallv available at all of these places,
ocenr in medium to heavy ledges, are comparatively pure cal-
eium carbonate, and vield a fair to superior grade of huilding
stone, which has been used extensively in bridge piers and abut-
ments, foundations and walls of some of the best buildings in
the county.

JEFFERSON COUNTY.

Jefferson county belongs to the region of thick drift, which,
according to Udden, averages one hundred and fifteen feet in
thickness over the entire county. Both the drift and the Coal
Measures have been completely removed by the principal streams
in Penn, Walnut and Lockridge townships in the northeast, and
to a Jess extent in Round Prairie, Cedar and Liberty townships
hordering on the south line of the county. Numerous outerops
of Saint Louis limestone appear in all of these townships. As
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a rule, such exposures are of small extent and often much ob-
scured by the heavy talus almost everywhere present. While
the county has produced a large quantity of stone for local use,
and is capable of producing much more, there is not a single
worker in the county who depends upon the quarry industry for
a livelihood.

The following sections will give a fair idea of the natural
resources of the county along this line.

Walgren’s Quarry, southwest quarter of the southeast quarter
of section 3, Lockridge township.

FEET
4. Soil and drift of variable thickness.
3. Clay and marl, yellow. ... oo 34
2. Limestone, dark gray, porous, somewhat cherty in places.. .. 7
1. Limestone, grayish vellow, exposed........ ..o . 5

Monson’s Quarry, northeast quarter of the northwest quarter

of section 8, Lockridge township.
FEET.
6. Soil and drift of variable thickness.

Limestone, compact, fine-grainced, almost lithographic in

texture, pyritic.. . ... .o 1%
Limestone, soft, gray, in thinbeds...... ............. ... ... 2
Limestone, gray, in a single ledge................ ... .. .. ... 2
Limestone, dark gray, compact and slightly bitaminous.... ..
Marl, blue, shaly, exposed......... ... .. ... .. .. o ..

ot

Lol ARV Y

Numerous sections arve exposed along Walnut and Burr Oak
creeks and their tributaries in the three northeastern townships.
The hard beds are quite generally breeciated and are associated
with marly and shaly layers.

In the southern portion of the county outerops are fewer.
Near the south line of Round Prairie township, a quarry has
heen opened in the southwest quarter of the southcast quarter
of section 34. The section is given herewith.

FEET.
4. Soil and drift of variable thickness.
3. Marl, gray, fossiliferous. ... ... oo o 2
2. Limestone, white, with a ledge of very fine, almost litho-
graphic teXtUTe. ... ..t e e e e e 2
1. Limestone, gray, in ledges varying from six inches to one foot
in thickness, with shaly parting near the middle......... .. 5

Other exposures occur in Round Prairie, Cedar and Liberty
townships. Quarrying has also been done to ‘the northeast of
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the center of section 10, in Liberty township. The heds worked
are as follows:

FEET.

7. Soil and drift of variable thickness.
6. Shale, green, pockety, belonging to Coal Measures.
5. Limestone, gray, weathering into rounded bowlders, in places

with small crevices filled with calcite, fossiliferous......... 4
4. Marl, light colored, with occasional stone concretions, fossilif-

BTOUS . o o ot ittt e et e e e 2
3. Limestone, EraY. . ..o u et veie i e e e e e ¥
2. Marl, similar to number 4..... ... i 3
1. Limestone, gray, pyritic........ ... . i 3

Practically all good quarry stone belongs to the Pella beds,
and comprises heavy ledges of compact limestone, alternating,
especially above, with seams of greenisly, marly shales. Ocea-
stonally the limestone is slightly broken up and breeeciated, but
to a much less extent than the Verdi heds below. Some of the
beds are almost lithographic in character. The beds are usnally
more or less pyritie throughout.

KEOKUK COUNTY.

The Saint Louis lmestone immediately underlies the drift
over three-fourths of the county. While its three divisions are
represented, only the Verdi beds are of sufficient importance to
merit consideration commereially. The Springvale beds have
been recognized at Springvale Mills, in the upper portion of the
Cook quarries north of Ollie, and at one or two other points
along the Sknnk river. These beds comprise a blue, earthy lime-
stone of marked shaly character, which weathers readily into
a soft, brown to buff limestone. It 1s magnesian and often pre-
sents an arenaceous facies. Clean cut exposures are rare on ac-
count of its weathering properties. The heds occasionally pre-
sent a pseudo-conglomeratic character as seen in the Cook quar-
ries. They rest unconformably on the Osage limestone, and ag-
gregate twenty to twenty-five feet in thickness.

The middle member of the Saint Louis, the Verdi beds, covers
the larger portion of the county, and affords the principal lime-
stone outerops, and the ouly limestone quarries in the county
with the exception of those northwest of Ollie. Typical expos-
ures may be viewed along both branches of Skunk river, English
river, and along the creeks north and west of Sigourney.
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The beds present comprise fine-grained, light colored, calcare-
ous sandstones in bands two to six feet in thickness, inter-bedded
with the limestoue. In places, however, clean sandstones of much
greater thickness, up to thirty or even forty feet, with limestone
above and below, are seen. The most nsunal type of lhmestone is
of a light ash to buff color, fine-grained, exceedingly compact and
hard, almost cherty in chavacter. This is the limestone fonnd
inter-bedded with the sandstone. A second equally well known
type comprises the breceiated beds. In these beds, the imestone
is broken up into irregular fragments and cemented together,
the whole forming a distinet caleareons conglomerate or hreccia.
The usnal cementing material is caleareous, though lerrnginons
material is somefimes present. The rock fragments appear to
possess the characteristies of the Saint Lounis limestone itself.
Theyv vary greatly in size, ranging from grains a fraction of an
incli in diameter to slabs and bloeks four feet long and six to
eight inches m thickness. The breceiated blocks are usually one
or two inches in diameter. Toeal unconformities, false bedding,
and other nregularities are not nncommon structural features.

A few of the numerous sections exposed are given helow and
are believed to he fairly representative.

The following beds ave exposed in-a railway cut about one and
a half miles west of Ollie:

FEE
7. Soil and bowlder elay ... .. . 10
6. Sandstone, cross-bedded, yellow, fine-grained; becoming

harder for six inches and apparently calcareons below. ... . 6
A, Limestone, Compact... ... ..o i i
4. Marl and limestone. ... o 4
3. Limestone, finc-grained, grading into nuinber 2, .. .. ... .... 4
2. Limestone, linely brecciated, in places almost odlitic ........ 2
1. Limestone, compact, exhibiting conchoidal fracture, cxposed

6O BEACK . . e e G

Several small gquarries have heen opened from time to time
along Sugar creek near Showman station. Here the beds are
very Irregnlar and false hedding on a large seale is well shown.
A typieal section is about as follows:

FEET.
6. Soil and drift of variable thickness. ...... ... .. ... . ... ..... 0-30
Limestone in fairly even ledges ............................. +

5.
4. Talus, shale or muarl. ... ... ... ... 3
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FEET.
3. Limestone in heavy ledges, shaly below, shows a decidedly
concretionary facies when weathered. ... ... ... . ... 4
2. Limestone, hard ledge, separated from number 1 by a shaly
parting, brittle and compact........... ... . 12
1. Sandstone, cross-hedded and unevenly induraled, dip of bed-
ding planes inconstant, but ranging up to 35 degrees. ... .. 10

Nwumber 5 furnishes the prineipal quarry rock of the neigh-
borhiood. Nnmber 2 apparently rests unconformably upon
number 1.

Numerous small quarries have been worked at one time or
another north and west of Sigourney. The Miller quarry located
about two miles north of town may be taken as an example:

FEET.
4. Soil and drift almost w2t/ at the quarry face. but thickens
greatly in the blnff. ... ... oo o 2+

3. Limestone, similar to number 1, with arenaceous to argilla-
ceous partings; less evenly bedded than 1 and weathers
concretionary; caleite lenses and nests present.......... .. 3-t

2. Sandstone, with shaly partings, tine-grained, and but slightly
18400 Ih {0 T I A S e U 2

1. Limestone, hard and compact, gray, evenly bedded, beds
ranging froni 4 to 12 inches in thickness; numerons pyritic
balls present, mostly weathered to limonite............... 6

The beds dip strongly to the east, and do not appear to he
persistent in character. The stone crops of the region appear
to rise about forty feet above the ereek. The sandstone as a rule
1s the most conspicuous member, is heavily bedded but imper-
fectly indurated.

Outerops in Knglish river are less common than along the
Skunk, but are in a general way, repetitions of those already
given.

The quarries of the county, while numerous, are small and
without exception, are of local importance only.

LEE COUNTY.

The Saint Louis limestone comprises some of the most impor-
tant rock formations in Lee county, occupying about one-third
of its superficial area. Numerous outcrops appear along the
streams in West Point and Franklin townships, and in the bluffs
below Montrose on the Mississippi and along the Des Moines
above Sand Prairie.
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PLATE LVI—a. Abandoned Santa e quarry east of Belfast, Yowa.
b. Priocipal quarry section southwest of Mt. Pleasant, lowa.
¢. Geode bearing shale, west of Farmington, Van Buren county, [owa.
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According to Keyes and Gordon, the Saint Tiouis consists of
a lower magnesian or somewhat sandy limestone, grading at
times into a caleareons blue sandstone and an upper white com-
pact or granular limestone. A brecciated zone often separates
the two members. From a study of the field relations of the
above beds and those already discussed under the head of the
Osage, it would appear that the upper or so-called Warsaw beds
of the Osage are the same as the arenaceous member of the Saint
Louis of Keves and Gordon. Whatever the taxonomie relations
of these beds mayv be, both members of the Saint Louis as given
above are qnarried to some extent, the limestone being the more
highly prized, in the numerous outerops available.

. The sections given helow give a fair pieture of the leading
characterizties of the beds.

A mile west of Sand Prairie the Saint Louis appears in sev-
eral ravines opening into the Des Moines valley, and from these
some stone has heen produced for local use. One-half mile above
Hillsdale, the Santa Fe Railway worked extensively vears ago.
The section is shown as follows:

FEET
G, Solland drift.. ... o o . 64
5. Limestone, brecciated, with pockets of green clay, sometimes
rudely and coarsely stratified. ... ... ... ... ... .00 B30
4. Limestone, blue, encrinital...... ... ... ... oo 3
3. Shale, blue, calecarcous. ... ... 3
2. Sandstone, blue, caleareous, with discontinuous beds of bLlue
shale; the principal quarry rock.... ... ... . oL 8
1. Shale, blue.. .. . e 15

The stone was used largely for bridge work; the rubble and
small sizes were put through the erusher.

Just below Belfast some quarrying has been done. The stone
was used largely by the Chicago, Rock Island and Pacifie Rail-
way for bridge work., The section quite closely resembles the
Santa Fe quarry, though the sandstone horizon was more ex-
tensively developed. The section which may be seen aft the pres-
ent time is as follows:
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BELFAST SECTION.
FLEET.

Soil and drift, which thicken considerably back in the bluff,

variable at the face.

4. Limestone, earthy, yellowish, gray to blue-gray, weathers
clayey; probahly attains much thickness in the bluff, ex-
POSE . L 4

3. Limestone, brecciated and concretionary and shaly, in places.

The concretions appear to be compact, brittle, blue lime-
stone, uniform neither in thickness nor in appearance...... 4

2. Limestone, arenaceous, especially below, fossiliferous; gray

to blue-gray; thinly bedded, although bedding planes are

7]

TOL APPATEI . oot et et e e e e e e 8
1. Sandstone, calcareous, or limestone, highly arenaceous, in

heavy beds up to five feet in fresh exposures; beds rather

uneven and show some tendency to wedge; cross bedding

is evident iu places, exposed. ...... ... ... o oL 12

Fic. 31.—Section along the €., R.[. & P. Ry., below Beliast showing Warsaw sandstone
below and St. Louis limestone ahove. Van tiuren county, lowa.

The base of the seetion is about four feet above the railway
track. No quarrying is being done at the present time. About
a fourth of a mile below the railway station in Belfast, twenty
feet of plastic shales are exposed along a small creek entering
the Des Moines from the east. The shale appears to be quite
uniform in character throughout and lies clearly below the beds
in the above sections. The section continues about one hundred
yards up stream, where it is obscured by talus. Near the east
end of the outerop, a weathered cap-rock appears at just about
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the level of the Chicago, Rock Island and Pacific railroad track.
The depth of the shales below the stream channel is unknown.
An average sample of the shales was collected and analyzed.
The analysis is as follows:

CHEMICAL ANALYSIS OF BELTFAST SHALE.

I A L 45.00
AlOMING L. e 16.68
Ferric oxide ... ... . . 3.86
75 T 10.04
Mg e Ia. 3.69
Sulphur trioxide. ... .. .. ... 2.26
Pobashy L 1.96
SO 1.16
Loss on dgnibion. ... ... . e 15.02
MolsSbure ... e 0.48

otal. oo e 100.15

Exposures of Saint Louis continue up the Des Moines river
but almost no quarrying is done at the present time, and no new
phases are shown.

One of the best sections exposed in the interior of the county is
located along Sugar creek about one and a half miles east of the
town of F'ranklin. The following beds are exposed:

GRANER QUARRY.

FEET
100 Drilfbe . oo e 10
9. Limestone, white, granular, odlitic, even-textured, more or
less distinetly cross-bedded ........ ... ... ... ... ... ... .. 8
8. Limestone, sub-crystalline ..., ... .. ... ... L 2
7. Limestone, blue, concretionary ............................. 1
6. Shale, blue...... ... %
5. Limestone, granular, odlitic........ . .. ... ... ... ... .. .. .. 6
4. Limestone, breceiated ....... ... ... 10
3. Limestone, brown, areénaceous. ... .. ...t vvemnan e ... 8
2. Shale, blue. ... ... 10
1. Shale, blue, with geodes................ .. ... . ............ 20

Beds 5, 7 and 8 dress well and have been used in making tomb-
stones. Number 3 has been used for all kinds of rough masonry
and for bases for monuments. All the layers were nsed formerly
for manufacturing lime, but number 7 was the best for this pur-

pose.
LIME.

‘While all of the limestone formations of the county have been
used from time to time in the manufacture of lime, the Saint
Louis was used most extensively. The chief lime centers were
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the city of Keokuk, and some localities east of Franklin and
northwest of Denmark. The industry is practically extinet at
the present time.

MAHTASKA COUNTY.

All of the more important streams crossing the county have
cut through the drift and overlying Coal Measures to the sub-
jacent limestone, at least throughout the greater portion of their
courses. The beds represented are believed to be equivalent to
the upper beds in Marion county, which are generally known as
the Pella beds. Small quarries have been opened from time to
time at a number of points, mainly along the two branches of
the Skunk river. Perhaps the most important quarry section
may be viewed in the Mayer quarry abouf two miles north of
New Sharon near the North Skunk. The section is as follows:

INCHES.

9. Drift and Coal Measures of indefinite thickness.

B, LIMestOmne . .. i e 6
7. LImestome . e 5
6. LAimestone. ... ... e e )
5. Limestone. .. ... e 14
4. Limestone. .. ... 20
3. LImMesbOne . ot e e e e e 8
2. Clay-shale. .. ... 6
1. Limestone, exposed.

The stone exposed is fine-grained, compact, ash colored to
gray limestone, brittle and breaking with a conchoidal to uneven
fracture. The above divisions represent ledges which are sepa-
rated by clay partings. Less important exposures oceur at Union
mill and MeBride mill on the North Skunk; near Peoria and near
the Oskaloosa water works on the South Skunk; in the vicinity of
Bellefountaine on the Des Moines river and along Muchakinock
creek. The same thin-bedded, compact, brittle limestone char-
acterizes all of the leading quarry exposures.

Lime was burnt in a small way some years ago but the industry
was never of more than local interest.
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MARION COUNTY.

The Saint I.ouis limestone appears only in the eastern half of
the county and there only along the South Skunk and Des Moines
rivers and their immediate tributaries. Only the two upper sub-
stages are exposed, the Verdi beds overlain by the Pella beds.
The former beds are not persistent and comprise a rather com-
plicated series of sandstones, cherty limestones, clays and shales.
The upper beds are prevailingly limestones, fairly low in mag-
nesia and-other impurities. While both formations have been
exploited to some extent, quarrying operations have been con-
fined largely to the upper beds.

One of the most extensive sections exposed in the county oe-
curs about two miles southwest of Tracy, on the southeast quar-
ter of section 35 in township 76 north, range XVIII west. The
sequence is as follows:

TRACY SECTION.

FEET
7. Loess and drift of indefinite thickness....................... 2-10
6. Sandstone, argillaceous, much weathered and iron-stained. .. 6
5. Shale, arenaceous, variable in color and state of induration.. 4
4. Limestone, argillaceous to arenaceous, weathers decidedly
shaly . e 4
3. Limestone, similar to 1, but harder; in a single heavy ledge.. 2
2. Limestone, argillaceous, but hard and brittle, splits into thin
layers on exposure; highly fossiliferous above and below. .. 4
1. Limestone, gray-blue, in heavy beds, finely brecciated, {ossilif-
erous and slightly crystalline; in three ledges .............. 4

Numbers 1 to 4 inclusive are referred to the Pella beds.
Numbers 1 to 3 are the principal ledges quarried and appear to
be well adapted for dimension stone, rubble and possibly bridge
stone. Number 2 yields a fair flagstone. The individual ledges
in numbers 1 to 3 are uniform in thickness and appear to be
persistent. The layers are fine-grained, oftentimes bluish when
first exposed, but turn white when long exposed to the weather.
Number 6 appears to be quite compact when fresh, and large
blocks may be removed. When exposed to the atmosphere, the
blocks disintegrate rapidly to a drab product resembling clay.
It is highly fossiliferous throughout.

A switeh of the Chicago, Burlington and Quincy railroad has
been laid into the quarries. These have been opened up on the
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north bank of Cedar creek for a distance of more than half a
mile.

In the vicinity of the town of Harvey the limestones helonging
to the Pella beds of the Saint Louis and the Trower Coal Measure
strata are exposed at many points in the valley of Fnglish creek
and along the west border of the Des Moines valley. They ap-
pear also in the hillsides along the ravines and small streams
in sections 10 to 15, Clay township. All of the exposures of the
Pella limestones observed in this vicinity are covered with a
greater or less thickness of the Des Moines shales and glacial
drift. As a rule the amount of these materials is =0 great as to
prohibit the quarrying of the limestone. Prospecting has shown,
however, that there are considerable areas in the north part of
section 15 and the south portion of 10 where the limestone lies
from but fifteen to twenty feet below the surface, and where the
covering is said to consist largely of shales. This association
of the shales and limestone is favorable to their use for cement
manufacture. Near the southeast corner of the southwest quar-
ter of section 10, eleven feet of thin bedded white and fairly
uniform limestone outerop in an old quarry face. One-eighth
mile distant to the east the stone is seen at a higher elevation in
the hillside. Test holes are reported to penetrate not over eight
feet of worthless overhurden over forty acres at this place, the
remaining heds above the stone being clean shale. The limestone
is reported by the driller to extend to a depth of twenty-two to
twenty-five feet, which would bring the base of the bed near the
level of the Des Moines flood plain.

Chemical investigations and burning tests of blends of the
shale and limestone prove their suitability for making a good
quality of Portland cement. A company is now engaged In ex-
ploiting the deposits and options are held on a large acreage
lying mostly to the south of Harvey but including land also near
the Rock Island railway on Fnglish creek. It is proposed to
erect here a plant of large capacity and to make use of the Des
Moines shales and underlying limestone that are found in this
district. Transportation facilities on three railroads afford
good outlets for the finished product. Coal is now being mined
on land optioned by the company and prospecting shows the
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PLATE LVII—a. Near view of quarry face, Tracy, Marioncounty, Iowa, showing Pella beds.
b. Miller quarry, about two miles north of Sigourney, Keokuk county, Iowa,
showing Pella beds.
¢. Local unconformity in Verdi beds,near Showman station, Keokuk county,
Towa.
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presence of a heavy vein underlying contiguous territory which
will furnish an abundant supply of a fair grade of fuel.

Good exposures of the Verdi beds may be viewed along the
Skunk river in Lake township, especially in sections 23, 24 and
26. A composite section for the distriet shows the following
beds:

6. Loess and drift, of variable thickness.
5. Sandstone, buff, cross-bedded, lower part very soft.......... 5
4. Limestone, massive, cherty, breaks irregularly.............. 4
3. Sandstone, gray, soft to quartzitic in places................. 3
2. Limestone, cherty 2
1. Sandstone, massive, yellow, with interbedded arenaceo-

calcareous bands one-half inch to four inches in thickness.

These bands are very hard, compact, fine-grained, and are

more resistant to weathering than the sandstone, so that

layers stand out on weathered surfaces. Occasional irreg-

ular fragments of this limestone, 1 to 2 inches in diameter,

are found in the sandstone; exposed

F1c. 32—Exposure of Saint Louis limestone, near Harvey, showing Pella beds.



442 GEOLOGY OF [OWA QUARRY PRODUCTS.

Number 4 is quarried to some extent, the product being used
for rough masonry. The heavy overburden and the difficulty of
producing regular blocks preclude any possibility of its extensive
use as a conrsing stone.

The Pella heds have heen quite extensively developed at Dur-
ham and between Durham and Flagler; southwest of Tclla on
the Pella-Knoxville road, and novth of Tracy. The guarry
opened hetween Durhanm and Flagler, hetween the Chicago, Rock
Island and Pacific and Chicago, Burlington and Quiney railways,
shows the following sequence of beds:

FLENT

5. Locssand drift. ... .. 3

4. Limestone, thinly hedded ............ ... . ... ... . ... ... .. 6
3. Liumestone, in well defined ledges, varving from 6to 20 inches

N thiCkness. ... e 54

2.  Limestone, soft, granular, of little vaiue for structural purposes 1

L. Limestone, very havd, breaks irvcgularlv.... o000 0 3

A twenty inell ledge near the middle of number 3 is the princi-
pal layer in the quarry. It is coarse-grained, davk colored, but
weathers white. The vertical joint planes are a sufficient dis-
tance apart to permit the removal of blocks of large size. Much
of the product from this quarry and the old quarry northeast of
Durham has been shipped to points along the (‘hicago, Rock
Island and Pacific railroad as far east as Washington, Iowa.
Most of the stone used for structural purposes and flagging in
Pella has been ohtained from two quarries located about one and
one-half miles sonthwest of the town on the Pella-Knoxville road.
The beds exposed are very similar to those which are shown in
the preceding section, save that an extensive deposit of marl
similar to that which oceurs in the Tracy quarries overlies the
limestone.

The Durham-Flagler section is almost exactly duplicated in a
quarry opened on the southeast quarter of section 13, in Clay
township, about three miles sontheast of Harvev. The heds ex-
posed here are as follows:

FEET.
5. TLoess and drift, of variable thickness.

4.  Limestone, thinly bedded, greatly [ractored............. ... 5
3. Limestone, in ledges varying from 4 to 20 inches in thickness 5
2. Shale, black above and gray below, soft ... . L 1%
[. Limestone, thinly bedded, crvstalline .................... ... 1
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[Lere as hefore a twenty inch ledge just below the middle of
number 3 is the principal ledge in the quarry. It is granular
in texture, with vertical joint planes from four to ten feet apart.

While the beds which comprise the Pella sub-stage are per-
sistent and uniform in texture, and of convenient and sufficient
thickness for building and other structural purposes, they will
probably never be extensively developed on account of the small
aggregate thickness of the beds which are usable as compared
with the amount of overburden and worthless layers which must
be handled. Some of the upper beds will not stand alternate
freezing and thawing, and should not be used in permanent
structures. The principal ledges, however, appear to withstand
weathering indefinitely as indicated by their fresh appearance,
both in natural quarry sections and in walls which have been ex-
posed to the elements for more than twenty years.

The following tests were made by Professors Marston and
Weems on specimens secured from the Tracy quarry:

CRUSHING TEST.

‘ :
Breaking Stress—Pounds

Height tion Per Square Inch

Cross Sec-

Stone InInches| Square
Inches Spalling ‘ TFailure

No. 31, Saint Louis Limestone..... 1.95 4,12 7,300 | 9,600
No. 32, Saint Louis Limestone..... 2.00 4.20 5,200 9,900

_ i | o

ABSORPTION TEST.
Per Cent of Increase
Stone
24 Hours | Week Total
No. 31, Saint Louils Limestone............. 2.28 0.99 227
CHEMICAL COMPOSITION.

Caleium carbonate (CaCO,) . ... ... ... ... ... ... ... ... 94.60

Magnesium carbonate (\IUCOS) T 30 £

Alumina (Al,0,).. . e 0049

Iron oxides (FeO—l—FezO) e 017

Insoluble.. O Y ¥4
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Lime was burned in sufficient quantity to meet the local de-
mand in the early history of the county, but the industry has
been abandoned.

POCAHONTAS COUNTY.

But a single exposure of the indurated rocks is known in this
county. The Saint Louis has been quarried for a number of
years two miles north and one mile west of Gilmore. The quarry
is now owned and operated by Andrew Bull. The opening is far
less extensive than formerly, but the following beds may be
observed:

Fic. 33—Saint Louis limestone beds as they appear near Gilmore, lowa.
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FEET
11, Soil, sand and gravel ......... ... 5
10.  Crystalline limestone, light brown in color; cavernous due to
weathering, much shattered and of little valae.......... .. 4
9. Limestone, light brown, coarse in texture and sub-crystalline,
splits well with bedding planes, but in an irregular manuer
vertically, heavy bed ... ..o 3
8. Ledge, as above, underlain with two inches plastic, variegated
red and greenish clay. .o oviii i i e 1%
7. White to pinkish brown limestone, in part fossiliferous; beds
broken by vertical joint planes along which water has
formed many small caverns and on which small pyrite
nocdules and fossils stand in relicf. Ledges running two
inches up to three feet in thickness. ... ... ... .. ... 10

*T. H. Macbride in Geology of Humboldt County gives the
following additional strata then visible below the above section:

FERT.
6. Blue shales, limestone and elay; very (ossiliferous. ... ..., 3
5.  Lithograplic limestone, muoch inelined to angular fracture. .. 14
4. Heavy-bedded, fine-grained limestone, no fossils ...... ... ... 3
3. Shaly, thin-bedded limiestones, with few fossils ... ... ..., 1
2. Coarse-grained, fossiliferous limestone, containing fragments

of No. 1, but separated Irom it by a parting of shale ... .. 1
1. Lithographic limestone, fine-grained and very bard.......... 2

This author regards the lowest beds as equivalent to those
gquarried at Humboldt in the adjoining county to the east.

Numbers 7, & and 9 constitute the prineipal quarry rock. An
analysis made of a sample from these members is given here-
with :

Silica (SI0, ) oo e 0.52
Calcinm carbonate (CaCOy) .o 0 o0 o . ..99.62
Water and undetermined....... ... ... ... ... ... 0.06

J. B. WEEas, analyst.

A casual ingpection of this analysis shows the limestone to
be almost absolutely pure and it appears to he of high quality.

The quarry is located in the lowest portion of a broad depres-
sion which appears to be the site of a former pond or sinkhole.
It 1s a local center of drainage and some trouble with water has
been encountered. The drift overburden varies from five to ten
feet at exposures, but there is a considerable area in which the
stone probably lies at no great depth beneath the surface. The
Des Moines and Ruthven division of the Chicago, Rock Island

*lowa Gealogical Survey, Vol IX, p. 132,
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and Pacific Railway travevses the depression and a switeh for-
nerly extended to the quarry. The stone is now hauled one-
fourth of a mile to the railroad, and although the quarry is in
constant operation, the annual output is small. Hxecellent di-
mension stone for all purposes is afforded. The equipment con-
sists of one large derrick operated by an engine. The ruins of
an old lime kiln indicate that this industry has formerly been of
some importance. '
STORY COUNTY.

Story county is poorly supplied with stoue suitable for struet-
nral purposes. The Saint Louis limestone affords a limited
quantity of stone adapted to foundation work and use in the
rougher grades of masonry. The rock is, as a rule, highly ab-
sorbent and does not stand frost well. [ts earthy buff to gray-
buff eolor gives it a dull, somber appearance which inereases
rapidly on exposure on account of the readiness with which it
takes up foreign matter. Some quarrying has been done at
nearlv every one of the outerops in the county, though in no in-
stance does the annual output of any single quarry exceed a few
dozen cords of rongh stone. The ledges developed are practi-
cally the same at all points and are confined to Skunk river
between Bloomington and Soper’s mill, and to Onion ecreek, a
tributary of Squaw creek, northeast of Ontario. The section ex-
posed north of Hannom’s mill mayv be considered a fair average
for the Skunk river distriet, and is as follows:

FEET
6. Till, pale yellow; unoxidized and unleached................. 0-6
5. Till, oxidized to a deep reddish brown and thoroughly
leached; much weathered limestone and many decayed
granite bowlders, and numerous, tolerably fresh greenstones
PLeBRI i a v s 0 ie i o il & 5 W TR, SRR ST SO R 1-3
4. Limestone, residual; reduced to an iron-stained, cavernouns
CRETE 5 R R S U W e 2T ae a1 1

3. Limestone, arenaceous, where unaltered, a bluish gray, but
weathering stains it a yellowish brown; not thoroughly
indurated, though when unweathered presents a ruassive
Y 0 SLETED -1 o oA 5

2. Sandstone, bluish gray; shaly, presents a fissile character after
being exposed to the weather, and forms a marked re-
entrant in the quarry face ................ . ... ... ... 3

1. Limestone, impure, buil to earthy-yellow, gray-buff when
unweathered, heavy-bedded, compact; lithographic in part,
chief quarry stone; exposed........... ... ... 8
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At the Bloomington guarries more of number 1 is exposed.

Several outerops of the Saint Louis may be observed along
Onion creek in section 32, Franklin township. The beds exposed
attain a maximum thickness of nearly thirty feet, but are less
constant in character than their equivalents along Skunk river.
A composite seclion representing the distriet is as follows:

Fi1c. 34— Representative section of Saint Louis limestone, as it appears along Onien creck,
about four miles northwest of Ames, lowa.

Drift and soil of variable thickness, in places reduced almost
to zero, hut thickens greatly in the blaffs........... ... ...
Limestone, thinly bedded and much weathered, stratification
planes almost entirely eliminafed; in places grading upward
into a residual clay.... . ...
Limestone, impure, vellowish brown, or gray-browu, compact
to earthy, heavy-bedded ........ ... .. ... ... ... .l
Limestone, finely arenaceous.and marly, contains beautifully
preserved mud cracks and ripple marks int places. ... .... ..
Sandstone, white to bluish gray, friable; obliquely laminated
and fissile; readily undermined by the creek; not persistent
Limestone, cherty and concretionary; contains much limonitic

FEET.

1-70
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Number 5 1s the principal bed quarried and is very similar
to the leading quarry rock developed in the Hannom’s mill and
Bloomington quarries.

VAN BUREN COUNTY.

Gordon thus described the beds of the Saint Louis stage as
they occur in Van Buren county :*

“The Saint Louis limestone constitutes the uppermost division
of the Mississippian, . . . and has the greatest superficial extent
of any of these members in Van Buren county. It is generally
overlain by the rocks of the Des Moines stage of the Upper Car-
boniferous. . . . The maximum thickness in Van Buren county
probably does not exceed ninety feet.

In lithological characters the rocks composing the formation
show great variation. In general they present a three-fold divis-
ion consisting of (1) brown arenaceous and magnesian. lime-
stone, (2) Dbrecciated limestone, and (3) grey, compact, and
granular limestone.

Arenaceo-magnesian Beds. 'The first of these is exposed at
many places along the Des Moines and is especially well devel-
oped in the vicinity of Kilbowrn and in the bluffs below Keo-
sanqua. It consists of fine-grained or vesicular magnesian lime-
stone in rather heavy ledges, which grade horizontally into a
more or less clearly marked arenaceous rock characterized in
places as a sandstone. A large percentage of the rock, however,
is made up of calcareous matter, and hence it is more properly
designated as an arenaceous limestone. It is well developed on
Price and Bear crecks where it furnishes a very good quality
of stone for building purposes, and has been quarried quite ex-
tensively for plates and sills. This bed represents that quarried
at Belfast and Keokuk. It eonstitutes the upper member of the
Warsaw as orieinally defined. The arenaceous character is
confined generally to the lower part of the beds, but on Bear
ereek as well as elsewhere, sand forms the larger part of the
formation. The magnesian limestone constitutes the most gen-
erally recognized phase of the division in the county. When first
removed from the bed, the rock is of a blue or drab color, but it
soon changes to a rusty brown by the oxidation of the iron

*lowa Geological Survey, Vol. IV, p. 214.
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which it contains. . . . The magnesian roek oceurs in thick, gently
undulating beds, and is distinguished by a more or less concre-
tionaryv structure. . . . In places these beds are interrupted by the

brecciated phase which in these instances is in direet continuity
with that of the overlying bed. The thickness of the arenaceo-
magnesian beds variex from ten to twentv-five feet.

Brecciated Limestone i a widely recognized phase of the for-
mation in lowa. The bed 1s made up generally of compact and
granular, grey limestones, in sharp angular fragments of various
sizes cemented together by similar caleareons material.”’

Near the mouth of Reed creek, the whole of an exposure sev-
enty-five to eighty feet in height shows breeciation. The lower
portion represents the avenaceo-magnesian bed and is composed
of large fragments of this limestone with clay filling the inter-
sticex, while the upper part is made up of the comnact and gran-
ular limestone more completely cemented. In the vicinity of
Keosauqua, the upper portion of the bed contains more or less
arenaceous material. This is well marked on the south side of
the Des Moines above the town, where a hrown sandstone ten to
twenty feet thick replaces nearly the whole brecciated division
and is overlain by limestone. Two or three miles below, the
sandstone varies from five to twenty-five feet in thickness and
rests upon the brecciated bed, while it is overlain by the compact
limestones as shown in the bluffs opposite Keosauqua.

Quoting again from Gordon:

“The sandstone at Keosauqua is decidedly calcareous in
places, and sometimes includes irregnlar ledges and fragments
of Hmestone. . . . The thickness of the breccrated division varies
from notlhing to seventy-five feet. In general, however, it may be
said to he from ten to twenty feet thick.

Compact and Granular Limestone. Overlying the brecciated
limestone in places, and the Keosanqua sandstone where that
formation oceurs, is a compact, fine-grained, grey limestone
characterized by having a conchoidal fracture, concretions, and
a considerable number of fossils. . .. In some places the compact
limestone is replaced by a thin-bedded Ymerock with a marked
granular structure often cross-bedded. . . . The limestone of this

upper division is well developed along Indian creek where the
29
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compact variety is quarried gnite extensively. The thickness of
the bed does not exceed fifteen leet.”” “*Tt is also quarried at
Keosauqua on hoth sides of the river.”’

As pointed out, the Saint Louis beds have heen more exten-
sivelv quarried than the other formations of the county. Near
the Des Moines river in the northwest quarter of section 31,
Lick Creek township, the Saint Louis beds were formerly opened
up for quarrying. A few feet of the upper arenaceons limestone
“has been gquarried at Kilbourn and at other points on Lick creek
but all these openings have heen long sinee abandoned.

The white limestone has been quarried on Thatcher’s creek
on the sontheast quarter of section 2, also on the southeast
guarter of section 1, Des Moines township., Just east of the
town of Keosanqua near the north edee of seetion 31, twelve to
fifteen ledges have long been worked for foundation and rough
building stone.

The Saint Louis beds have been opened up for local use at
many places along Rock creek in Washington township. Gordon
(page 220) gives the following section at the mouth of Rock
creek:

ROCK CRELK SECTION.

FEET.
6. Concealed .. ... o e H
5. Limestone, compact, grey; breaking with conchoidal Iracture;
containz abundant brachiopod remains.... ................ 6
4. Sandstone, brown, quartzose.......... ... i 4
3. Limestone, brecciated, well cemented ... ... .. ... ... 20
2, Limestone, hard, blue, weathering brown; heavily bedded
and coneretionary; sandy at top, at base bluish and
dolomitic in appearance .......... ... ... ... .. 14
1. Concealed to river level............. ... ... ............. 35
Total ... . 81

Number 2 has been quite extensively quarried here for the
early river improvements.

Northeast of Bonaparte on Mack creek and farther south on
Reed and Potter creeks, the sandstone and brown magnesian
strata have been quarried for use in locks and dams in river im-
provement work. The beds worked on Reed creek afford a stone
which dresses well and has heen used also for caps, sills and for
well and eellar walls. If is said to be much more durable than the
white limestone under the same conditions. Unlimited quantities
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of these strata are available along Potter and Reed creeks,
where little stripping would be necessary and the quarries would
be conveniently accessible to the railroad.

The blue sandstone has been quarried for many years on Bear
creek in seefion 11, and a more recent opening has been made
by Perry and Isaac Davis in the northwest corner of section 31,
Henry township. The section at the latter place is given
herewith :

FEET,
7. Drift, send-and gramel oo wossiimLs wE L 2110
3. Blue-gray “‘soapstone’’ shale with thin limestone lavers in lower
1970 o131 ¢ O US y £r= A U SIS R S PI 6
5. Arenaceous limestone, light brown, to blaish ............ ..., 24
4. Sandy blue magnesian limestone, “‘sandstone’’, solid ledge
which eplits readily with chisel parallel to bedding; some
CHETL TOHT RO« s cecpsamna v ieia s saime & 4 comaa s0enEESB0EET A0 5
3. Irregularly bedded gray to blue, coarse-grained limestone,
fossiliferous (bryozoan abundant) ................ ... .. ... 5
2. “‘Soapstone,” containing chert, to water in creek.......... .. 1!
White limestone reported to anknowndepth......... ... ... 14

Number 6 is plastic and appears free from concretionary mat-
ter. The maximum amount of stripping, about fifteen feet, is in-
dicated in the section. Stone is shipped from this quarry but
must be hauled to the railroad at Bentonsport. The sandstone
gives good satisfaction in walls, and dresses well for use in more
conspicuous and exposed parts of buildings. John Gaston has a
small opening in the same beds one-fifth of a mile south on the
opposite side of Bear creek.

A good development of the ‘‘sandstone’ oceurs also in the
Price quarry on a tributary of Chequest creek in the southwest
quarter of section 20, Van Buren township.

Section six miles northwest of Keosauqua along a small tribu-
tary of Chequest which enters the larger stream from the south-
west:

FEET.
7. Drift and loess of variable thickness.
6. Limestone, much weathered and siliceous, certain layers
weather shaly and are stained red to yellowish brown ... .. 24

5. Limestone, blue-gray, evenly bedded and of uniform texture;
very hard and tough, beds up to thirty inches in thickness.. 4
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FEET.
4. Talus slope.
3. Limestone, gray, vesicular, coarser textured than number 3
and fossiliferous, partiatly obscured by talus slope; thick-
ness not determined.

Sandstone in heavy ledges, evenly bedded though beds are
somewhat undulating; layers smooth enough to be used for
dimension stone without tooling ... ... ... .............. 10-12

L. Rhale, caleareous to arenaceous, blue-gray, yellow where

weathered; said to become more shaly below the bed of the
SR e POREt . sr s nnb it ae e f 8 S b o s eddiv A ab i a8 B

Lo

The sandstone beds range up to thrvee feet in thickness, al-
though blocks more than two feet thick were not seen in any of
the sections exposed. It has been used extensively for bridge
work and other heavy masonry. This stone was used for the
piers which support the wagon bridge across the Des Moines
river. It yields to any kind of stone dressing, is strong and
withstands weathering influences well. Blocks put in walls or
piers more than a half century ago still retain the tool marks,
which appear to be as fresh as when the blocks were laid. On
account of lack of transportation facilities almost no stone is
quarried at the present time.

F1G. 35—Saint Louis limestone exposed along creek about three miles west of Farmington,
Van Buren county, Iowa.
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The Saint Louis limestone is well exposed all along Chequest
creek from the middle of ("hequest township to Pittsburgh. As
indicated in the above two sections the lower portion of the mag-
nesian limestone grades locally into a sandstone.

The large proportion of the stone used in the southern part of
the county has come from the Indian creek quarries west of
Farmington. Outerops oceur along this stream from near its
mouth to the quarries on the line between sections 5 and 32 of
Farmington township. The quarry in section 5 is now worked by
Cyrus Falker and Mark Hornbaker. Limeburning was formerly
done here. The strata now visible are given:

- FEET.
8. Loessand drift..... ..o ... . 10+
7. Limestone, gray, coarsely sub-crystalline, weathering to a
friable condition; thin shaly layer at base ................. 23
6. Limestone, houmogeneous and fine-grained, with conchoidal
fracture ahove; coarser and more impure below; separated
into heavy ledges, the upper one 18 inches thick; stone
traversed by seams of crystalline calcite which in general
Tan vertically . ... e i s I
5. Obscured .. ..o e 3%
Soft shale, gray. ... ... oo e 4
3. Limestone, heavy ledge; gray, compact, fracture conchoidal,
irregularly shattered by weathering ....................... 2%
2. Alternating bands of light blue to brown limestone and slaty
shale ... ... 2
1. Thin-bedded limestone, to water ... ......... .. .cccovueen s 3

Only the members above No. 5 have been used. The upper
three feet of No. 6 make a fair building rock. It is hard and
weathers slowly. There is a considerable area on both sides of
the creek where the stone is available without an excessive
amount of stripping. The beds would afford a good product if
crushed. The ("hicago, Burlington and Quincy railroad follows
Indian creek and would afford good transportation facilities.

Section one and a half miles west of Farmingtoun, south of
coal chute of (hicago, Burlington and Quincy railroad:

LFEET.
6. Loess and wash, rather sandy and iron-stained and mottled
throughout ......... .o i i 5-20
5. Shale, clayey, blue-gray.... .. ... ... .. 3
4. Shale, arenaceous, hard, projecting ledge; variable .......... 1-2
3. Shaleas above.. ... .. o i e 3
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FEET.

2. Shale, arenaceous, forms a projecting ledge similar to 4, va-

riable .o 1-2
1. Shale, somewhat variable in texture, varying from plastic and

gritless to slightly arenaceous; as a rule becomes highly

plastic on weathering; evidently fissile, blue-gray to dark

blue; occasional concretions and geodes present. Exposed

above creek channel about............ ... ... ... ... 8

About one-half mile farther west a massive sandstone appears
in a cut along the railroad and below the railroad bridge the
heavy bedded sandstone may be seen resting on the shales. The
undercutting of the creek has produced and is maintaining an
escarpment. The bedding planes in the sandstone are not appar-
ent and the beds in the railway cut appear to be disturbed. The
sandstone and shales appear to be the equivalents of those ex-
posed along the Des Moines river below Belfast.

The association of the shales and limestones in the above sec-
tion and the presence of the latter but a short distance to the
eastward is favorable to their utilization in the manufacture of
Portland cement. The chemical composition of an average
sample of the limestone beds exposed in the Falker and Horn-
baker quarry and of the blue shale exposed near the mouth of
Indian creck is shown in the chemical analvsis herewith:

LIMESTONE SHALE

Imsoluble. .. ...... .. ... ... 010014 Ll
Silica (S10.) o e 35.48
Alamina (AlOy) . ..o 0.90 15.85
Ferric oxide (Feo,O3) .. oo oo o 0,90 5.43
Lime (CaO) ..o e 49087 12.56
Magnesia (MgO) ... ... ... ................. 0.8 6.24
Potash (K.O) ... e e 1.59
Soda (Na,O) ..o e 0.26
Sulphur trioxide (SO4) ..o oo 3.36

Carbon dioxide (COW) ..o e e
Hygroscopic water (Hyg. H.O) ... ... .. 0.15 1.88
Loss by ignitiont. ... . oL

WAPELLO COUNTY.

In Wapello county the representatives of the Saint Louis
stage that are of economic importance belong to the Pella beds,
the upper division of the formation. Exposures are practically
confined to the northwestern part.of the county where the beds
outerop along the Des Moines valley from Eddyville to Ottumwa,
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and on the North and South Avery creeks in the vicinity of
Dudley.

Limestone was formerly quarried at a number of openings
south of Hddyville, near the mouth of Miller creek. The John
Lafferty quarry is the only one now in operation. It is located
on Miller creek in the southwest quarter of section 7, Columbia
township. The section exposed here for a distance of eight to

Fi1G. 36—Jon Lafiferty gquarry, Eddyville.

ten rods, is as follows:

7.
6.

Loess and river silt ... ... .o .
Residual clay, deep red, plastic ........ .. ... ..o oL
Residual clay, greenish, calcareous, grading into argillaceous
HMEStoNe . .ot
Compact limestone of lithographic texture and separated by
marly partings; on exposure it becowes badly shattered by
weathering of partings and vertical jointing ...............
Heavy limestone bed, highly fossiliferous, upper portion con-
tains cavities lined with calcite and abundant iron pyrite
concretions; two ledges, respectively 14 and 22 inches......
Shell marl, a few inches.
Close-textured bluish limestone in ¢4 to 6 inch layers, to base
Of QUAITY. .

FEET.

M

33

9

3

24
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Number 3 shapes readily and affords excelleni steme for bnild-
ing purposes and for heavy masonry.

This quarry supplies stone which is used in bridge abutments
in this and adjoining counties. The stone is handled by derrick
and loaded on wagons. Considerable quantities have heen
shipped from Eddyville. There is a triangular terrace area here
of considerable extent lying between the Des Moines river and
Miller creek around the borders of which the stone outerops.
The overburden is probably not more than ten or twelve feet at
any place, and an unlimited supply is thus available.

At Dudley large quantities of rock have heen removed just
west of the Chicago, Burlington and Quinev station, both north
and south of the tracks. Stone is now quarried by Andrew
Liames on the south side of the railroad. The following strata
are shown in the quarry face:

. FEET.
5. Loess-like silt, underlain with a thin bed of iron-stained gravel 18
4. Bluish shale in places.

3. Limestone, compact but shatters readily on exposure, sepa-

vates in 2 to 3 inch laminee. ..o 2%
2.  Limestone, compact, light brown to blue, fossiliferous in up-

per portion, and contains much iron pyrites............... 94
1. Blue limestone in thin layers.......... . oo it 18 -20

Only number 2 is used for building purposes and it furnishes
good dimension stone, although not so heavy as the correspond-
ing layer in the Eddyville section. Much crushed stone is pro-
duced, the Railroad Company using the major portion of the
output. All work in the quarry iz by hand. Stone for the
crusher is loaded on small flat cars and drawn by one horse.
Stripping is done by means of scrapers.

The T. .. Stevens opening is located on Middle Avery creek
one-half mile south of Dudley. The same strata are to be seen
as given in the section above. They are covered with loess and
gravel. The iron sulphide concretions are more conspicuous and
numerous than in the Lames section.

The Saint Louis beds in this vicinity afford a fair grade of
crushed stone for ballast. The presence of iron pyrite, which
rapidly weathers and leaves blotches, streaks of iron rust, and
small cavities in the stone, is a drawback to the extensive use of
number 2, which is otherwise suitable for building purposes.
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Without question there is more and better stone available in the
vicinity of Eddyville than at Dudley, but it is in a less accessible
location at present for railroad transportation.

Limestone has been quarried at several points in Ottumwa
and vicinity. It has for many years been taken from the bed of
the river at Ottumwa during low water. A new place is opened
up and worked out each season. That portion of the bed of the
stream which is to be quarried during the summer is enclosed by
an embankment to keep out the water. This is constructed of
barrels filled with clay against which are piled broken stone,
gravel and sand, until a substantial barrier is built up. About
six feet of limestone are removed, the upper layers being thin-
bedded and the lower ledges three to eight inches thick.

——— - —

F1G. 37— Quarry in bed oi the Des Moines river at Ottumwa.
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WASHINGTON COUNTY.

The Saint Louis limestone occurs over a large area in the
southern portion of the conmty, comprising a strip ranging from
about five miles in width, on the east boundary, to eleven miles
on the west. The most important exposures occur along the
Skunk river and near vieinity, in Brighton and ('lay townships.
The principal quarries are Jocated in the immediate vieinity of
the town of Brighton. The most valuable ledges quarried here,
as well as at other points, belong to the upper member or Pella
beds. The overburden is usually heavy, ranging from a few feet
at the face in natural outerops to fifteen or twenty feet a short
distance toward the bluffs. There are two main ledges especially
suitable for bridge stone which range from sixteen inches to two
feet in thickness and rest upon two layers of flagstone. The
flagstone layers are in turn underlain by heavy beds which were
at one time worked by the Chicago, Rock Island and Pacific Rail-
way Company near Brighton. These lower ledges are more or
less water-coursed, and the quarry has been abandoned. On the
west side of the Rock Island tracks, immediately north of town,
the following lavers were formerly exposed and quarried:

FEET.
7. Soil and drift, variable, thickening rapidly in the bluaff ...... 5-15
6. Marl. ... 2-4
5. Limestone, in thin layers......... ... ... ..ot viion. %
4. Limestone ledge, bridge stone ........ ... . ... s 14
3. Limestone ledge, bridge stone ... ... .. i 144
2. Limestone, flagging and rubble .......... ... ... ..o t
1. Limestone, flagging and rubble..... ... ... ... ... .. 1

Other quarries opened in the immediate neighborhood show
essentially the same beds but in slightly different thicknesses.

About two miles northwest of Brighton, a quarry is being
operated on the Whitmore place. The beds developed are as
follows :

FEET.
2. Loessand drift up to.......... ... i 20
1. Limestone, gray-blue, compact, tough, somewhat fossilifer-
ous; in ledges as follows:

Top ledge, 8 inches. .... |

Bridge stone, 20 inches..

Bridge stone, 20 inches.. - ... ... ... 0 oL 5

Flagstone, 6 inches. .... |

Flagstone, 6 inches.... .
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The upper ledges are very much weathered along the joint
planes, and in places the blocks are reduced to rounded cores
practically valueless though they appear to be as tough and of
the same color as the unweathered blocks. The ledges work
readily by the feather and wedge method. The flags are some-
what rough but appear to be durable.

The Chicago, Rock Island and Pacific Railway has used much
of the stone of the district for bridge purposes. The stone has
been generally used in the town and county and has been shipped
in large quantities to adjoining countiex.

The stone quarried in this region is fine-grained, compact,
breaks with an even to conclhioidal fracture, and is of a pleasing
ash-gray color. It is of good quality, but limited in quantity, as
only a few ledges are workable, and cun be ohtained only at great
expense on account of the excessive overburden. Below are the
disturbed beds of the Verdi which are of little value for quarry
purposes. Small quarrics have been opened in these beds near
Verdi, but have long since been abandoned.

F1G. 38 — Irregular beds of limestone in the Saint Louis, Verdi quarry, Washington county.
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About three miles sonth of Washington on Crooked creek, a
small quarry has developed the lower magnesian portion of the
Saint Louis, but is of local importance only.

WEBSTER COUNTY.

In Webster county the outerops of the Saint Lonis limestone
worthy of mention are confined to the Des Moines river and im-
mediate tributaries, from the north line of the county to Fort
Dodge. A few detached areas are known south of this point
along the river, and one or two small patches oceur in the interior
of the county. The beds comprising the Saint Louis are decid-
edly heterogeneous in character, varving from a hard, compact
limestone in well developed ledges to a structureless, clayey marl,
and from a pure calcium carbonate to a highly magnesian lime-
stone. In places a caleareous sandstone appears. The beds
are usually too deeply buried under the Coal Measures and
olacial debris to be of interest economically, but in the vicinity
of Fort Dodge and northward along the river and along Soldier
creek, considerable areas have been partially stripped of their
overburden and quarrying made possible. On account of the
lack of persistence and rather indifferent quality of the beds,
quarrying has not been, and is not likely to become, an important
industry in the county. The stone has been developed at a
number of points, and a considerable quantity has been used for
foundations and retaining walls in and about Fort Dodge. A few
representative sections are given herewith.

Section at Miller’s quarry, near the stone hridge over Soldier
creek in Yort Dodge:

FEET.
R Yo > 1 2
(iravel, fresh, cross-bedded ... ... .. L L 10

Clay, yellow, not jointed, unleached, many limestone pebbles 15
Soil and clay mingled, both unleached, soil dark and contain-
ing many wood fragments ........ ... .o oo oiiie 15
3. Sand, uncemeunted, containing lurops of coal and large picces
of wood, in layers varying greatly in color from white to gray S
2. Calcareous sandstone, a single layer, very firm.............. 14
1. Limestone, layers coarse, often two feet thick, stone of fine,
even texture, no fossils ...... .. ... ... ... .. ... ... .. 2B

v Ut Oy
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In the creek bhed at the foot of this exposure the limestone
gives place again to caleareons sandstone, the thickness of which
could not be determined.

Number 1 in the above section is variable, the beds ranging
from limestone more or less pure, to limestone more or less
magnesian. The texture also lacks constancy. The terrace on
the west side of the viver from the mouth of Tizard creek
northward for abont two miles is supported by the Saint Louis
limestone. South of the center of section 7 in Cooper township,
a good section may be viewed. The beds are as follows:

FEET.
5o Sand and silt. .o H
4. Limestone, rather heavy-bedded. variable, with persistent
chert hand near the top ..o o 0 12
3. Sandstone, cherty in places.. .. ... .. .. o Y
2. Limestone ledge. .. ... o 14
[ Sandstone, to water level .o 14

While the limestones continue to the county line, they are as a
rule too deeply covered and too far removed from transporta-
tion lines, to merit consideration. Below Forf Dodge limestone
outerops are unimportant.

PENNSYLVANIAN SERIES.
The Des Moines.

The Lower Coal Measures are not important in the produnction
of guarry produets. They consist essentially of shales, shaly
sandstones, sandstones and oceasional thin bands of limestones.
The sandstones, as a rule, are poorly indurated and not of pleas-
ing color. Oceasionally they are sufficiently cemented to be nsed
for foundations of unimportant struetures and for other rough
masonry. Such deposits nsnally assume a lenficular form and
are exceedingly variable in texture, color and state of induration
both horizontally and vertically. The most important lenses
occur in Marion, Jasper, Wapello, Boone and Wehster counties.
The Red Rock sandstone represents, perhaps, one of the best
known examples and is described later. The bhest examples of
the possibilities and also of the limitations of this stone may be
seen in some of the residences along West Grand Avenue in the
city of Des Moines. Less extensive deposits appear in the Coal
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Measure outliers in Johnson county, where the stone was used
in some of the oldest bnildings of the distriet.

The limestones are usually more or less argillaceous and have
not proven satisfactory as a quarry stone. The hest examples
may be seen in Appanoosc county. These limestones also afford
material suitable for the manonfacture of lime and have heen so
used to a limited extent.

APPANOOSE COUNTY.

The Des Moines stage of the Upper Carboniferous underlies
the wliole of Appancose county, and consists of shales with scev-
eral well defined limestone horizons of small thickness. The
principal limestone beds are known as 'the ‘‘“float rock,”” which
varies from two to four feet in thickness; the ““fifty-foot?’ line-
stone, ranging from four to ten feet; the ‘‘seventeen-foot lime-
stone,”” or ‘‘little rock,”” running from one to three feet; the
““cap rock,’”” showing from two to four feet; and finally the ‘“bot-
tom rock,’”” which attains a thickness of more than three feet.
One or more of these beds are exposed at numerous points along
the various streamways, and oftentunes are fairly accessible.
All are essentially non-magnesian, reasouably pure, and oceur
in moderately thick beds. Theyv resist the weather as well as the
average limestone, but on account of their limited occurrences,
will never lead to the establishment of an important quarry in-
dustry. Some guarrying has heen done in the vieinity of Center-
ville, Milledgeville, and Mystic, mainly from the ‘‘fifty-foot
limextone.”” Lime of good quality has heen burned from the
same horizon, but both industries have been extinct for some
years. '

The Chariton conglomerate has been exploited in a very small
way in the vicinity of Moravia, but the openings have long since
been abandoned, and promise nothing for the future.

DALLAS COUNTY.

The Coal Measurcs underlie the entire county, and are made
up of a series of shales, sandstones, and occasional thin lime-
stones and thin seams of coal. The shales greatly predominate.
Good sections are exposed along all of the principal streams.
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The sandstones occur in lenses, and are best exposed along the
Raceoon viver. The most important lenses oceur in the vieinity
of Redfield. As a rule the sandstones are not well induvated,
and are of a reddish hrown color. At a few points, well in-
durated beds are available, and have been quarried intermittently
for more than a quarter of a century. The most important
quarry scetions are given helow.

Section exposed on the southeast quarter of section 3, Union
township, about two miles southeast of Redfield:

FELT.
5. Drift, of variable thickness. ]

4. Sandstone, soft, bull, heavily bedded........................ S
3. Sandstone, blue, compact, hard..... .......... .. ... ... ... 7
2. Clay-shales, sandy, blue... ... ... ... . . 4
1. Sandstone, exposed to river............ ... ..., 8

L

Number 3 is the only rock quarried. At the quarry it has a
thickness of seven feet, but it thins oui rapidly, and about thirty
rods east, it is only one foot thick. ~ The stone is of execellent
quality, and 1s scarcely affected by weathering agencies. It was
used extensively in Redfield, and was shipped to Fonda, Waukee,
aud other points on the Spirit Lake branch of the Chicago, Mil-
waukee and St. Paul Railway.

The sandstones have been quarried at other points, notably
near the mouth of Bulger creek, where a nine foot ledge of hard,
well indurated sandstone appears. At the present time, sand-
stone s not used, save locally, and then in a very small way.

The limestone bands make up a very small part of the (Coal
Measure section, and as a rule, possess no commercial value.
One exception may be mentioned, where the limestone hax been
gquarried quite extensively. The section is given below.

Talbot quarry, located on the southwest quarter of section 29,
Linn township, about four miles northwest of Redfield:

FEET
11, Soiland Arift. .. ... 3
10. Clay, sandy, baff. ... ... . o 8
9. Shale, black, fossiliferous. ... ..........oiiirii .. 2
8. Coal, with clay parting....... ... ... ... ... . 1%
7. Fire clay. .. .o o 3
6. Shale, gray, with lime concretions.. ... ... .............. .. 4
5. Limestone, hard, compact, blue, fossiliferous above, mostly
ingolid ledges. .. ... i 7
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4. Shale, light gray........... ..ot e 2
3. Limestone, gray, breceiated above.......................... 13
2. Shales, gray, not fully exposed........... ... ... .. ... ... 14
1. Shale, black, fissile, coaly below......... ... ........ ... ... 14

DAVIS COTNTY.

The streams which fraverse Davis county are small and have
accomplished little towards exposing the rock strata which
underlie it. A few feet of the Coal Measures are to be seen in
the valley of Soap creek, whose course is entirely across the
north edge of the county. Coal Measure sandstone beds belong-
ing to the Des Moines stage of the Upper Carboniferous appear
at water level at intervals along this stream in the vicinity of
Carbon where it is locally used for foundation material. It is
of no value for fine work but constitutes, so far as is known, the
sole building stone resource of Davis county.

GUTHRIE COUNTY.

The Des Moines strata furnish some sandstone and limestone
that are found of service locally in the eastern part of Guthrie
county. A gray sandstone belonging to the Coal Measures has
been quarried on a small scale at Panora. The usable beds of
this stage are thin and so associated with argillaceous strata
that they are very seldom worked for building stone alone.

HARDIN COUNTY.

In Hardin county the Coal Measures are represented by an
upper heavy-bedded, ferruginous sandstone which often presents
conglomeratic to concretionary facies and is cross-bedded
throughout; and by a lower shale which carries some coal and
often contains highly calcareous, fossiliferous ledges. 'I'he main
body of the sandstone is dissected by the Towa river, which forms
a gorge extending from Xenia to Steamboat Rock. The sand-
stone reaches its maximum development in the vicinity of Eldora
where it attains a thickness of eighty feet. The Eldora section
is as follows:
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PrLaTeE LIX—Des Moines Sandstone quarries west of Amana, Iowa county, lowa (Calvin).
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ELDORA SECTION.
FEET.
7. Drift (on the face of the scarp)............ oot 0-3
6. Sandstone, weathered and shattered; ferruginous, conglom-
eratic and concretionary; quartz pebbles ranging up to a
third of an inch are common. False hedded through-

out; some fossil wood fragments present................. 40
5. Sandstone, heavy-bedded........... .. ... ool 10
4, Talus slope. .. o e e e 20
3. Shale, carbonaceous... ... it 1
2. Shale, light colored above and variegated below........ ..., 20
1. Kinderhook limestone (top about ten feet above the water

level) o e 6

The Eldora sandstone has been used to a certain extent in the
foundations of numerous structures in and about Steamboat
Rock, Eldora and Xenia, but at the present time none of the
quarries are operated, save intermittently and then only on a
small scale. The stone is extremely variable in texture, struc-
ture, and state of induration, and these factors, taken with its
dark red-brown to yellow-hrown color, make it certain that it
never will be popular as a structural material. Vast quantities
are available and easily accessible, and when the stone is ecare-
fully selected it gives good service in the less imposing strue-
tures. Its use might be safely and profitably extended in back-
ing walls faced with more expensive materials.

TIOWA COUNTY.

Small Coal Measure outliers occur in Lowa county, the most
conspicuons member of which is the usunal variable sandstone.
Several decades ago these beds were developed quite extensively
by the several villages belonging to the Amana Society. Some of
the oldest and most important buildings in these communifies
were construeted of these variable sandstones. The Amana
store and the Amana church were built in 1862 and 1863 re-
spectively, using the local stone, and both are in good repair.
The store front was built of a red-brown sandstone obtained
from a quarry about one and a half miles north of town, while a
yellow-brown sandstone, =aid to have been obiained from a
quarry equally distant northwest of town, was used in the sides
and back walls. Other quarries were developed to the eastward



470 GEOLOGY OF TOWA QUARRY PRODUCTS.

and westward of these and used in the construetion of the older
buildings. .

‘While some stone has been produced and used of late years for
foundations and rough masonry purposes, no stone buildings
have been constructed of the loeal material during the past
quarter of a century. At the present time the old openings are
much obseured by talus slopex. The stone available is very simi-
lar to that exposed in other border counties belonging to the
same horizon. Itisa sandstone, highly variable in color, texture,
structure and state of induration. The prevailing colors are
shades of yellow and brown combined with red; yellowish and
reddish brown predominating. Texturally the stone is usually
fine to medium grained, but occasionally shows a conglomeratic
facies. Structurally the stone varies from a thinlv bedded sand-
stone, with bedding planes fairly well defined, o a massive and
imperfectly bedded deposit. False bedding is oftentimes very
evident. As a rule it is imperfectly indurated, but appears to
harden considerably on exposure. It varies from a very friable
to a fairly compact stone. The deeper colored stone is usunally
the more highly indurated. The durability is sufficiently at-
tested in the well-preserved buildings, where it has been exposed
to the elements for almost half a century. Asinthe case-of other
Coal Measure sandstones, its color is not pleasing and its other
properties are not sufficiently constant to commend it to the
public. In quarrying the stripping increases rapidly from the
natural outerops and the percentage of usable stone is small,
both of which factors contribute to the expense of production.
‘While this variable sandstone has served a useful purpose in the
early history of the communities, it has been displaced almost
wholly by stone from other points, notably Stone City, which
can be more cheaply quarried.

JASPER COUNTY.

All of the Paleozoic rocks exposed in Jasper county belong to
the Des Moines stage of the Upper (‘arboniferous series. They
cover the entire county, with the exception of a small triongular
area of Kinderhook in the extreme northeast corner, and consist
of interstratified shales, sandstones, coal and occasional thin beds
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of limestone. However, their character varies rapidly from place
to place. The shales are prevailingly sandy and grade laterally
into argillaceous sandstones. The sandstone layers are in places
calcareous and, especially in connection with certain coal seams,
pass into arenaceous limestones. Limestones of the darker col-
ored variety occur as lenses and concretionary masses in some
of the coal basins.

In Jasper county the rocks of the Des Moines stage are almost
universally covercd with drift. Kxposures are not nmmerous, as
a rule, but are found fairly well distributed over the southern
half of the county. Although the best sections are to be observed
along stream ways, natural outerops are not lacking over the
uplands away from the streams.

Sandstone from the coal-bearing strata has been quarried at
three known localities: section 34, Des Moines township; in a
railroad cut in section 30, Fairview; and two miles above Lyun-
ville, in the valley of North Skunk river. At the latter place only
is quarrying at present carried on in the county. The exact loca-
tion is the northeast quarter of the northeast quarter of section
34, Richland township. The quarry section at this point is as
follows:

FEET.
b. Weathered shale..... ... .. .. i b)
4. White sandstone, soft, grading downwards into pink, brown
AN Te. . . o e e 5%
3. Plastic, white clay........ .. .
2. Sandstone, red to brown, compact; containing many small
cavities lined with plastic clay, or containing pulvernlent,
red ocher. Micaceous, with fossil lepidodendrons......... 15
1. Carbonaceous shale....... ... .o i 1.

The total thickness of salable stone is in number 2, fifteen feet.
It is evident that considerable stripping of the overlying shales
is required. The quarry is worked by William Northcutt. Three
hundred perches per vear is the output. The stone is durable,
and supplies the local demand for cellar and foundation walls.

RED ROCK SANDSTONE.

This formation is included in the Des Moines stage of the
Upper Carboniferous, but it may be differentiated from the
Coal Measures proper because of its uniformity, and the some-
what unique relation which it appears to bear to the other mem-
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bers of the series. In Jasper county it occupies a parrow
elongated area coinciding in direction and corresponding ir
width with the territory covered by it in Marion county. The
general trend is northeast-southwest, and in width it averages
two and one-half to three miles, tapeving to the northward.

Outerops of this rock are to he seen at various points near
Reasnor, on both sides of the Skunk river; along Buck creek; on
Elk ereek near Murphy; along North Skunk river in the viecinity
of Kellogg; and on Rock creek in sections 9, 16 and 17 of Rock
Creek township. '

Quarrving has been done at several points in the county in the
belt of Red Rock sandstone, which affords the only extensive
deposits of building stone in the county.

In section 17, Rock Creek township, the old Morgan quarry,
on the land of G. M. Henuning, was opened over forty vears ago.
A face twelve feet in height is expoxed, consisting of a heavy hed
of brown stone sepavated by two feet of shattered rock from a
four foot stratum of compact, reddish-brown sandstone. Similar
strata have been worked hoth above and below this quarrv in the
vallev of Roeck creek and its branches.

One mile east of Kellogg the brown sandstone has been quar-
ried quite extensively in the past by the Chicago, Rock Tsland
and Pacifiec Railroad Company. Fifteen feet of the sandstone
are open to view. Large plans appear to have been made heve
for the development of these qouarries, but no work has heen done
for vears.

On the hill slope a =hort distance north of the town of Reasnor,
fourteen feet of the sandstone may he observed in a small
quarry; the prevailing color is bhrown, approaching a red in
places. The sand grains are at tines so coarse and irregular in
size as to give the rock a finely conglomeratic texture. Many
of the largest grains ave of a jaspery mature, and some, ap-
proaching a pebble in size, appear to be fragments of an earlier
sandstone. Cross-bedding is not unecommon. The hase of this
exposure is about sixty feet above the flood plain. In detail,
this section is as follows:
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FEET.
7. Loess, becoming fine sand on the hill-top..................... 4
6. Buff sandstone, micaceous............ ... .. iiii i +
5. Brown sandstone, cross-bedded.. 2
4. Heavy-bedded sandstone, conOlomexatlc . 23
3. Laminated, red and gray sandstone, cross- bedded 1
2. Heavy bed of brown sandstone, containing ferruomous some-
times hollow nodules......... ... ... . i . 4
1. Like No. 2, to base of quarry.................. ....c..ccee.. 3

In the northwest quarter of section 21, Buena Vista township,
on Elk creek, there is exposed in two small quarries a maximum
thickness of twenty-two feet of the sandstone. It exhibits the
same characters as in former sections as to bedding and color.
Some of the red is to be seen but the brown variety prevails. In
the Lanphear quarry the jaspery, quartzitic bands are quite pro-
nounced, as are also the spheroidal nodules. The latter fre-
quently consist of concentric, ferruginous shells between which
sandstone is intercalated. The greatest thickness of beds is
found in the old Dooley quarry, where ithe ferruginous bands
appear as firm crusts of siliceous liinonite, separating the major
beds of the section. The rock is coarse in texture, friable, and
varies in color from gray to deep red. All the layers seem to
be thoroughly impregnated with iron oxide. '

One mile south of Reasnor, at ‘‘Stonyv Point,”” the brown
sandstone has been quarried in the past.

The moxt extensive quarrying operations in the county were
formerly carvied on at the old Kemper quarry in section 8,
Fairview township. The rock was quite widely known as the
Monroe red sandstone, although both red and brown stone were
taken out. John Reinhart took stone from here forly years ago,
and worked the quarry for twenty-five years. 1. G. Kemper
produced, in seven or eight vears of his possession, some cut
and dressed stone, and at one time employed as many as twenty
men. Considerable stone was shipped. The present owner,
A. Herwehe, has put out very little stone in the last two years,
although there is a fair demand locally.

Mr. B. L. Miller® has briefly deseribed this quarry exposure
as follows:

* Geology ol \'Iarlon countv, Ann. Rep. Jowa Geol. Surv., Vol. XI, p. 159, 1900.
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F1c. 39—Herwehe quarry in Red Rock Sandstone. Northwest gquarter of section 8, Fairview
township, Jasper county, cross-bedding is conspicuous throughout the section.

FEET.
R o 1
3. Weathered, brown sandstone.......... ... ... ., 9
2. Heavy beds, yellow-gray, variegated.......................... 10
1. Dark red sandstone, heavy bedded........ ................... 8

Two small gnarries are opened here and bhoth the brown and
the red stone have been taken out. Cross-bedding is very con-
spicnous in the upper part of the section. The change in color
is gradual from the top downwards, and appears to be dne to the
degree of leaching and hvdration which the rock has nundergone.
Chemical tests of the brown =andstone show a loss on ignition
of 3.8 per cent, and 16.27 per cent of iron and aluminum oxides.
The dark variety pulverizes to a deep red and ochevons powder,
and analvzes 31.5 per cent ¥Fe.0).. At one point in section 21
of Falrview township a weathered outerop of the ved stone
oceurs from which {be vesulting ocherous iron oxide has heen
taken for mineral paint. In places in hoth the red and hrown
sandstone, bands or nodules of a dense, flinty character oceur,
whiclt appear to be quartzitic in nature and origin.
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The following description of the sandstone points out its chief
characteristics:*

““It i1s a moderately coarse-grained stone, with some range of
color and texture and corresponds in general with the Red Rock
stone which has been more widely marketed . . . As will be
seen from the tests, it is an excellent stone and might be used to
advantage in all struetures <imilar to those in which brown stone
has been used so extensivelv in the east. Under the microscope
it seems to be made up of rather coarse and rounded grains of
quartz cemented by a matrix of red-brown, iron-stained mate-
rial which, judging from the analysis, is largely ferric oxides,
but contains also some aluminous material. The sand grains are
rarely in contact; the interstitial areas being usnally as large
as the cross-section of the individual grains.”’

The chemical analysis of this stone as given on page 412 of
Dr. Bain’s paper, is as follows:

QIO i eieii.o.o........84.35 per cent.
AL O o 82 e
FeO-1-Fe, O, .. oo oL DBY
HaO41088. . oo .43

The Red Rock sandstone constitutes the most important source
of building stone in the countyv. There are unlimited quantities
available and it merits a much wider use than it has at present.

LUCAS COUNTY.

The country rock of Lucas county belongs entirely to the Coal
Measures. The formation consists almost wholly of shales with
seams of coal and accompanying beds of fire clay. Occasional
thin bands of dark bluish limestone and mocderate thicknesses of
sandstone are found associated with the heavy beds of shale.

In Pleasant township, near the northeast corner of the county,
ten to fifteen feet of a coarse, grayish blue sandstone outerop
along Flint creek. Quarrying to any extent has not been done,
but the beds are available at a number of points along this
stream and its tributaries. On a branch of the Little White-
breast in the northeast quarter of section 32, English township,

*H. F. Bain: Ann. Rep. Iowa Geol. Surv., Vol. VIII, p. 398.
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a soft yellow sandstone occurs associated with bituminous shales
and has been quarried in vears past.

Upper Coal Measure beds may he seen on Liong Branch in the
northwest quarter of section 3 of English township, where lime-
stone quarries were formerly worked. The beds consist of about
four feet of light gray overlain with bhuff limestone, separated
in ledges by calcareous shaly partings. The stone is said to pro-
duce a high grade of quick-lime and has been used for this pur-
pose. Limestone has also been quarried and burned for lime
on the Little Whitebreast two miles northeast of Chariton.

On the whole, the building stone resources of Lucas county are
very limited, the valuable beds being in general so associated
with other sedimentary strata as to render their ntilization im-
possible.

MARION COUNTY.

Extensive beds of sandstone oceur in the Coal Measures of
Marion countyv. The most important deposits are found in the
vieinity of Red Rock along the Des Moines river. One-half mile
northwest of the town a large quarry has been opened, the main
face of which is thirty to forty rods in lengtli. There is a maxi-
mum thickness of 100 feet of heds here exposed. The stone was
channeled, by which method of quarrving blocks of almost any
desired dimensions were obtainable. The sandstone separates in
ledges five to six feet in thickness. Quarrying operations were
formerly earried on here on an extensive scale. A switch was
connected with the Wabash at Cordova and the produet was
shipped to points along this line from Des Moines to St. Louis.
The quarries have heen worked only intermittently during the
past ten years and ave now practically abandoned.

The sandstone appears to form an elongated lens about ten
miles in Jength and three miles wide. The longer diameter of
the leus extends in a northeast-=onthwest divection. Trom the
maximum thickness of over 100 feet attained by the beds, they
thin rapidly. The higher portions of the sandstone ridge have a
lieht overburden of loess, but this attains considerable thickness
on either flank. The vock iz massive and the heavy heds are
practically free from joint planes. The sandstone is imperfectly
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indurated, varying in hardness from exceedingly friable to al-
most quartzitic. The color is also variable, ranging from almost
white or pale yellow to deep shades of red and brown. In some
of the beds the coloring matter is irregularly distributed pro-
ducing a blotehy or mottled effect. The prevailing cements are
the oxides of iron and silica, although the upper beds are some-
what calcareous. While predominantly soft, the Red Rock stone
resists weathering well and may be rated as fairly durable.

MARSHALL COUNTY.

The Coal Measures in Marshall county consist chiefly of shales
with occasional beds of sandstone. A heavy bed of sandstone
appears in Timber Creek township, and has been developed to a
limited extent. Quarries have been opened on sections 8 and 9,
and stone suitable for the rougher grades of masonry has been
produced. The sandstone is reddish brown in color, and appar-
ently durable. It exhibits a conglomerate facies in part. Well
polished grains of sand and gravel are laid in a matrix of ferrie
oxide. Some of the iron oxide is found in the form of small
nodules which frequently are hollow and possess the concentric
structure peculiar to concretions. The impressions of trunks
and branches of trees which have retained their woody texture
in a remarkable degree, although their original organic sub-
stance has been entirely replaced by mineral matter, occur
throughout the beds. In some instances, a pulverulent ash sur-
rounded by a highly ferruginous shield is all that remains. One
case exhibited a central core of very hard material, almost
quartzitic, around which was a zone of wood fibre, and sur-
rounding all, a concentric, ferruginous shield. All of the stems
are in a recumbent position.

At the present time only the upper layers have been exploited.
The lower beds are more regular and afford a stone suitable for
building and trimming.

MUSCATINE COUNTY.

The Des Moines stage of the Coal Measures occurs in a narrow
outlier along the Mississippi river about five miles in width and
extending from Scott county to a point about three miles west
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of the city of Muscatine. The beds which represent the Des
Moines are largely mechanically deposited sediments, ranging
from coarse conglomerates to fine shales and fire clays, with un-
important seams of argillaceous limestone and coal. The sand-
stones constitute the most important beds and oceur in rather
thick lenses. They are variable in texture, coloration and state
of induration. On account of their inconstancy they are not as
highly prized for structural purposes as might otherwise be the
caze. They have been used quite extensively in the past for
foundations, retaining walls, and other structural purposes. At
the present time, but little sandstone is being quarried in the
county. The principal quarries are located on the West branch
of Pine creek in Montpelier township, on section 21 in the river
bluff in Sweetland township, and on Lowes river in section 32,
Bloomington township. The quarry stone atfains a thickness of
sixty feet in the first quarry, is in heavy beds up to four feet
in thickness, is rather fine grained, and is characterized by pecu-
liar, wavy, ferruginous bands, probably due to infiltration of
iron.

In the second quarry, the beds are a little coarser in texture,
but otherwise similar to those in the first, while those quarried
on l.owes river are less ferruginous and as a consequence,
lighter in color, with occasional darker layers.

POLK COUNTY.

The Coal Measures as developed in Polk county comprise
shales, argillaceous limestone, sandstone and occasional coal
seams. The argillaceous deposits greatly predominate. The
sandstones are usually imperfectly indurated, while the lime-
stones occur only in thin beds or as ‘‘Cap-rock,”” and neither
affords any considerable amount of material suitable for struc-
tural purposes. The sandstones have been quarried to some
extent but are not used in important structures. The sandstone
beds exposed at the foot of Capitol Hill have probably been
more extensively developed than any other i