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EARLY GEOLOGICAL WORK. 201 

INTRODUCTION. 

LOCATION AND AREA. 

Marshall is one of the middle tier of counties and lies 
between Tama and Storv counties on the east a nd west 

u 

respectively. The Iowa river makes a bold bend southward 
nearly to the center of the county, where it turns abruptly 
eastward, cleverly detaching the northeast quarter. As in 
the case of most of the inland counties of Iowa, Marshall 
comprises a rectang·ular area of approximately five hundred 
and seventy-six (576) square miles and considerably more 
than a third of a million acres. 

PREVIOUS GEOLOGICAL WORK. 

Considering the great value of the natural resources of 
Marshall county and the varied and abundant fauna entombed 
in the rocks, the literature concerning· the g·eology of the 
reg·ion is extremely meager. 

David Dale Owen* in his "Reconnaissance of the Carbon
iferous Rocks of Southern and Western Iowa,'' was the first 
geolog·ist to visit the county in an official capacity. He 
traversed the county in the vicinity of the I owa river, and 
incidentally called attention to the more salient geological 
features. J. D. Whitneyt in treating· of the g·eolog·y of Mar
shall and adjoining counties records the occurrence of coal 
in Bangor township, and briefly describes a section exposed 
on Timber creek near the old road leading· from Marietta 
to Indiantown, in which he remarks the close resemblance of 
the rocks to the lower Burlington limestone as exposed at its 
typical locality. 

More than a score of years later White+ described the 
exposures near Le Grand and definitely refers the formation 
to the Kinderhook stage of the Carboniferous system. Cer
tain quarry products are also described, and in the same 

• Geological Surv. Wlscoosln, Iowa and Minnesota, p. 101-102. 1852, 
t Geology of Iowa, vol. I, pp. 267-9. Albany, 1858. 
:!:Geology of Iowa, vol. I , pp. 197-198. Vol. II, pp. 260, 312-314 and 316. Des Moines, 1870. 

18 G. Rep, 
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• 
report Prof. Rt1sh I~mery* reports an analysis of '' Iowa 
marble,'' from the Le (}rand quarries. 

The crinoidal remains so abundant in certain la3Ters at 
Quarr}T and Le Grand have received the attention of the late 
Charles Wachsmutht and his co-laborer, Frank Springer, of 
Burlington, and others. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The topographic features of the county· are varied. In 
order better to understand the more general configuration, 
conceiYe a more or less regular surface ver)T gentl}T inclined 
to the southeast. Let there be a slig·ht depre ion in the 
position of the Io,va river, flanked on either side with parallel 
ridges, the ere t on one side bisecting "\rienna township 
diagonally·, while a line passing· throug·h tate Center, , ... an 
Cleve and Laurel marks approximatel}T the position of the 
other. pread over tl1e surface a material which responds 
readily to water action, but holds with equal :fidelity the 
vigorous carving· of the spring freshet and the mo t delicate 
tracery of the summer shower; gi,Ten these conditions, time 
and the erosive agents a1·e the only requisites to account for 
the general ph3Tsiog·raph)T o! the region. 

The principal water courses have wroug·bt out well-marked 
flood plains bordered b3• the u uall.r gently rising· t1plands, all 
of which attest topog·raphic maturit}T· The vertical interYal 
between the lowlands and the adjoining uplands varies from 
50 to 100 feet, but the altitude g·raduall}T increa es towards 
the divides ,vhich attain an elevation of more than 200 feet 
above the water level in the Iowa river. Plate v shows the 
cross-section of the g·eneral plain. The most vig·orous land 
forms occur in the marginal areas which intervene between 
the upland plain and the flood plains of the g·reater streams. 
These areas, with the flood plain, orig·inally supported a lux
uriant forest growth, but have in larg·e part been dismantled. 

"Ibid vol. If. p. 347. 
+ Gt'ologlcal Surv. Illlnols, vol. VII£, pp. 157-205, and pls. xv-xvii. 18!10. 
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TOPOG R .\PIII(' FEA TUilES. 

While the whole cot1nt:y is heaYil)T drift-laden, )·et tl1e ter
ritor:r readily· resol,Te itself into three distincti,Te topographic 
area which are coincident in a general way with the areas 
occupied b:r the Wisconsin, Iowan and Kansan drift ~heets, 
and will be designated b)T the terms, drift, drift-plain and 
c.lrift-loess t)Tpes respectively. The first type i::, represented 
by a wedg·e-sha1)ed area on the western margin of the count)·, 
whose apex is approximate!)· at the south,vest eorner while it~ 
base spans little more than three miles on the north line. 
The characteristic features of the region are the prevalence 
of depres ions, sloughs and "kettle hole " and eminences 
with kame and drt1mloid affinities. Drainage is imperfect and 
this. when taken in conjunction with the t1nique ~urface fea
tures, is indicative of topographic J·outh. 

Thf' second comprise an area of scarcely· more than fift)· 
square mile in the northeast corner of the county. .t\.lthough 
the Iowan till sheet probabl)· extended over a greater area in 
the count}· it was not competent to eontrol the eonfiguration 
of the region to the extreme limits of its attenuated margin. 
Away· from the larger streams this territor;· i characterized 
by a monotonous, plane urfac:e interrupted by occasional 
gentle swell::,, and as a rule it is moderatel:r ,vell drained, 
while oftentimes prairie sloughs are mueh in evidence. 'l"'his 
triang·ular area is a fragment of the great drift-plain which 
extends northward far into 11innesoia and comprises an area 
of more than seven thousand square mile in Io,va. 

The drift-loess type con titutes more than four-fifths of the 
surface of the count)·· The topographic features are purely 
erosional and the contours are strengthened b:r the loess top
dressing. The upland is dissected by a plexus of small streams 
which gives the surface a graceful, billowy aspect, ,Tery pleas
ing to the eye. Sharp v -shapecl valleys and convex hills are 
the rule in the broken areas and bear silent testimony to the 
instability of the surface configuration. The larg·er streams 
meander through broad valle}TS which are almost destitute of 
salient topographic features. The divides are better defined 

J 



20-:l GEOLOGY OF 1,!ARSHALL COUNTY. 

t han is u ual in this t}·pe of topography·. T he head branches 
of opposing· drainage systems often interlock, so sha rply is 
the territor3· contested. 

TABLE OF ELEYATIONS. 

T he following table of altitudes is compiled from the profiles 
of the different railroads ,vhich t ra,Terse the county . 

STATION . 

~ 
,-:, 
::: ..., .... = ....... 

AUTHORITY . 

-A-l-b1-. o-n-.-.-. -. -_ .-.-.-•. -.-.-.. -.-.-•. -.-.-_ .-.-_ .-.-. -•• -.---•• -.-.-.-.• -.-.-•. -.-.-.-.
1 
i-:-3-, I 1. C. Ry. 

Dillon................................... ...... . .... . 9i5 I. C. l{y. 
Divide, Io·wa and Cedar rivers ..•..••..•••..... . •• . •. 1054 C. G. W. R:v. 
Divide, Iowa. river and Linn creek................ .... 952 I. C. Ry. • 
Divide, Io·wa and Skunk rivers ........•.••.....••. . . 1116 C. & N'.·W. Ry. 
Dunbar...... ......... . ..... .. . . ....... . . . ....... .... 87 C., 1\.1. & St. P. Ry. 
Ferguson........... ....... ...... .... . ..... ...... . . . . 909 C., ?IL & St. P. Ry. 
Gilman .. •••• . . .. .. . . .. .... ..••...... ..••• .••.•••••• . 1090 I C. Ry. 
Gladbrook....... . . . ............................. ... . 95'1 C G W. Ry. 
Green 1\.Iountain ..••• • ••.•••.••••.•••• . ..•• • . ........ 1000 C. G. W. Rv. 
Haverhill ..... .••.......•••••..•••••••.•...•.•...•••. 1023 C .. :\I. <-'t st: P. I{.v. 
Iowa river, Chicago Great Western crossing......... 865 C. G. "\\ .... Ry. • 
Iowa rher, county line.. . ............... .... ........ 926 I. C. I{v. 
lowa ri\'er, Iowa, Central erossiug, south of .'\.lbiou .• •. 895 I. C. lly. 
La,moille ... •••......•............•.•. .....•..•....... 

1 

940 C .... ..._ X.· \\'. l{:v. 
Le (}rande •••....... .•••..•. •.......•••••..•....... 940 C. & :N'.·\V. I(i·. 
Linn creek, G·reat \\·estern crossing ::.outhwest of 

of ?llarshallto,vn .•.. _ ........ _ ..••••.••..•...••••. 
Linn creek, (ireat Western crossing east of Marishall· 

to\\·n ..••...•........•...............•.......•.•... 
Laurel .....••..•.•.•..••.•.....••.........•.. _ ... _ .. 
Liscomb ..•.••......................•••.........•.•. 
Duray .••....•...............•..................... 
1\.larshalltown _ ••.••..........•..•..... _ ............ . 
Ma1·shalltown _ .•...••............••.•...•.••..•...•. 
~Ialta .............•••. . ...............•.••..•.•••••• 
Melbourne ........••....•.......•......•....•••..•... 
1\.Ielbourne crossing, Chicago, Milwaukee & St. Paul \ 

rail way ..•..•....••.........•... _ ....•... _..... / 
Nicholson creek .......•.•••.......... __ •••... __ ...••• 
f>ickering __ .. _ •.. _ ....... _ •..•.••••••............. · 1 
Quarry .•...•....•••.......... - ...... - . - . -.•......... 
llhodes ............ ................. ................ . 
llockton --···--··········--···········-·-··-········· 
State Center ..........•...•.•...•..•..•... . .••.••••. 
State C'enter .Junction ..•.....•.•..............•..... 
'l'imber creek, Iowa Central crossing ............••.. . 
Tin1bcr creek, Chicago & North.\Ycstcrn crossing. __ 
·van Cleve .•••. · ··- ·· ..........•...•••.•.....•. . • •••. 

905 C. G. \Y. lly. 

75 C'. (;. \\T. R.v. 
1040 I. C. Ilv. • 
950 C'. G ,,T. R:v. 

5 C . ._.._. N.·W:Ry. 
890 I. C. Rv. 
900 C <.?. \V. l{y. 

1062 I. C. R:v. . 
10-15 c. G. \"\T. l{y. 
1060 C'. (J. \\ .... Ry. 
1033 C' .• ~1. .\: St~ P. Ry. 
896 c. G. \\T. Rv. 
987 C .• :\I. ._..._ st: P. ll.y. 

1025 I. C. Ry. 
5 C. & N>W. l{y. 

1015 C'., ?II. & St 1~. l{y. 
80 C. (;. W. lly. 

1073 C. & N.·W. lly. 
1051 C .• M. & St. P. lly. 

87-1 I. C. Ry. 
855 C & N.•\\T. Ry. 

1054 I. C'. Ily. 
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STREA.nIS OF nlARSHALL COUNTY. 205 

DRAINAGE. 

1'Iarshall count:r is well watered and for the most part is 
also well drained. The annual rainfall averages about thirty 
inches per annum, of which less than one-third is g·athered 
up into the streams and carried to the gulf. Five-sixths of 
the annual "run-off'' finds a convenient outlet through the 
Iowa and its tributaries, while small triangular areas in the 
southwest and northeast corners contribute their surplus 
waters to representatives of the kunk and Cedar river SJTS
tems respectivelJr. 

Iozoa rii•er system.-The Iowa river is the master stream in 
the system and in large measure establishes the grade for its 
numerous tributaries. It meanders through a broad alluvial 

Fro 25. Le Grand gorge. 

valley which averages from one to two miles in width. The 
river crosses the Kinderhook escarpment at two points; near 
its entrance into and exit from the connt3r. At the latter 
place the river flows throug·h a gorge scarcel}T a quarter of a 
mile in width. The present stream occupies a channel but 
little below the g·eneral level of the bottom land and exten
sive reaches of territory are subject to periodic inundation. 
Deserted channels are everywhere in evidence, and north
west of 11arshalltown sand flats are common features of the 
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flood plain. The Iowa river has long since passe(l its ado
lescent stage, has reached maturit:r and is now approaching 
old ag·e. The stream is not corrading its channel at any 
place. Excavations for bridge piers and abutments show 
that the country rock lies ten to fifteen feet oelow the pres
ent stream bed. At the Marshalltown waterworks there is 
an apparent exception to this. The river impinges strongl:r 
upon the south bank, and the country rock is close to the sur- · 
face in the bed of the stream. Excavations for the water 
galleries on the north flank of the flood plain re·veal the fact 
that the old rock bottom slopes away· from the present posi
tion of the channel. 

The Iowa drainage s:rstem i of the as}Tmmetric t;ype with 
the g·reater tributaries coming from south and west as are 
the Skunk and Des 1'1oines rivers in central Iowa. Rock, 
Burnett and Asher creeks are the principal tributaries 
received from the north; while Timber, Linn, l\l inerv·a and 
Honey creeks are the more important branches received from 
the south and west. All of these bay·e much the same gen
eral characters as does the g·reater stream. All are long· in 
proportion to their volume, and all are characterized by 
drainage basins which are relativel}T narrow in proportion to 
their length. 

The tributaries from the north are relativel}T of much less 
importance than those from the south. 'rhe.r have narrow 
flood plains or none at all, and have deposited but little 
alluvium save in their lower courses. Asher creek is the larg·
est and drains an area of about fift}r-four square miles. Each 
h~s cut throug·h the drift at certain points exposing the upper 
member of the Kinderhook beds. 

Timber creek, which enters the Iowa from the south near 
Quarry, collects the water from an area of 130 square miles. 
It comprises three principal branches which are named 
according to their g·eog·raphic positions-I orth, l\Iiddle and 
South Timber creeks. North Timber flows almost due east, 
and is muc·h the long·est member, while the south branch 

• 



DRAINAGE OF 1'1ARSHALL COUNTY. 207 

flows north and comprises the g·reatest drainage basin. All 
have narrow, but well marked flood plains, which follow well 
up far towards their sources. 

The drainage basin of Linn creek is the narrowest in 
proportion to leng·th of any in the county. The proportion 
of length to breadth is about six to one, and the valley com
prises an area of about seventy square miles. Its course is 
almost exactly parallel to the orth Timber creek, but it bas 
not prog·ressed as far in valley forming as the latter. The 
most rug·ged topography in the county is found in the territory 
traversed by Linn and the Timber creeks. 

Minerva creek has its source in Hardin and Story counties. 
It pursues a tortuous course in a southeasterly to easterly 
direction, and enters the Iowa a little north of west of the 
town of Albion. The head waters of this stream arise in the 
area of the Wisconsin drift, and drain more than two-thirds 
of the region covered by this till sheet in the county. The 
lower course of the 1:inerva has a flood plain which, consid
ering· the volume of the stream, is quite broad. I t bas 
numerous small branches; but where its tributaries leave the 
Wisconsin, the valleys are sharply constricted. In the upper 
reaches little or no alluvium bas been deposited, and there is 
a dearth of minor streamlets. 

Honey creek has done an immense amount of work in the 
way of valley cutting·, which as in the case of the Minerva, is 
out of all proportion to the size of the present stream. It has 
cut through the drift and exposes the coal measure shales and 
Lower Carboniferous limestone near Bangor. Mud creek, a 
prairie stream throug·h the g·reater part of its course, and 
without the usual accompaniment of alluvial bottom land, is 
the principal tributary of Honey creek-the two streams 
joining just as the:r enter the fl.oo<l plain of the Iowa . 

.... lqe of th e Jo1l'a systeni.- The Iowa system bears the impress 
of age; of advanced maturity. The original topography of the 
county did not depart far, perhaps, from that of a plain and 
the present configuration is due almost wholly to erosive 
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forces. The limiting· di,·ides a,·erag·e about two hundred feet 
higher than the Iowa flood plain. The down cutting alone 
would require thousands of )Tears, while the true enormity 
of the task and the ,·ast lapse of time can only be realized 
when it is con::,ic.lered that the river valley averages from one 
to two miles in width. 'ufficient data are not at hand <lefi
nitel)· to determine the age of th~ s)· tern: but, conside1·ing 
the broad ,.,alleys of the Io,va and its principal tributaries, 
and the fact that the Kansan drift, apparentl3· undisturbed, 
follo,v down the hillside at least to the level of the flood 
plain, much lower than the outcroppings of the countr:r rock 
as in the vicinity of Quarry·, Le Grand and Timber <:reeks. it 
may tentatively be stated that the s:rstem, in part at least, is 
pre-glacial. The profoundly glaciated surface expo ures at 
Le Grand, Timber creek and Linn creek, all located on the 
south flank of the present stream valleJ·s, ma:r also be admit
ted as e,·idence of preg·lacial depressions in the direction from 
which the ice came. It seems probable that the Iowa river, 
from Le Grand to the mot1tb of Honey creek at lf'ast, the 

• 

lower courses of Timber, ~Iinerva, Hone3· and perhaps Linn 
creeks have so1lg·ht out and partiall3· reopened their old 
channels. The minor streams and the upper cour e of the 
larg·er tributaries are <loubtles usually superimposed upon 
tl1e µ:lacial deposits and are inc.lepen<lent of preg·lacial con
fig·uration. In term::. of trea1n cle,·elopment the Iowa has 
passed its zenitl1 and old ag·e is ~lowl)· but urel}· coming· on 
unless stream a<.:tion be reinvig·orated b3· deformation and 
uplift of the reg·ion. The st1rface inec1ualitie ha,·e long 
since reached their maximum and the hills are slowly melting· 
a,,·a:r to fill the valleys. Tl1e melting· ·nows and summer 

• 
showers humble tl1e one that the,~ may contribute to the • • 

upbuilding· of the other. 1Ian him elf is a potent factor in 
this leveling· proeess. rl,he old settler can ,vell remember the 
time when the ,vaters of our streams were untarnished at 
the spring· freshets or summer floods saYe b·r the cry ta.l 

• • 

amber from our Yirg·in pra1r1es. At the present time after 



TEH.RACES. 200 

st1ch periods the stream flow liquid mud. The prairie g·rasses 
and fore t trees were conservators of 1noisture and firmly 
held the soil in place. The prot'esses of ag·riculture in sub
duing the prairies and dent1ding· tl1e fo1·est areas have 
increa ed the ''run-off" and rentlered the soil easil:r eroded. 
Culture ha· stimulated the small strea1nlets to a new c:rc-lc of 
cutting·, as is evidenced b:r g·ullied field~ and roadsides. ~ 'ome 
of these cutting·s are more than ten feet in depth. 

k.;:;;kunk ri1·er S!f,'./leJJ1.-A triang·ular area in the southwestern 
part of the count3T drains throug·h tributaries of the kunk 
river. The h:rpotenuse of the triangle is approximatel:r fol
lowed b:r the tate Center bra11ch of the Iowa Central railway 
and its area is about ninet}· square miles. The principal rep
resentatives of the S)·stem are Clear creek, North ~"kunk 
river and nipe creek. ....\.11 flow approximately· at right angles 
to the general slope of the county. Clear creek and the 
Skunk river are wooded streams, ,vhile the 'nipe is timber
less. Clear creek has more deeply incised the region through 
which it flows than its co-workers, but none of them have 
done much in the wa}T of valley forn1ation. The valle}T of 
'nipe creek is boggy in character and suggests the fitness of 

its name. 
The Cedar river S}rstem is feebly· represented in the north-

east corner of the count}T· The drainage from about two 
square miles takes this route to the '' father of ,v::tters. '' 

tream terraces are doubtfully representeu in 1Iar.shall 
count3·. Timber creek, on sections 8 and 17 in Le Grand 
township, is accompanied b:r a low shelf fifteen to twent)T 
feet above the flood plain in the streams. This bench can 
be identified at several other points in the ·1tarious branches 
of this stream and is the nearest approach to a terrace found 
in the region. 

1'1inerva creek, in Liberty· township, sections 22 and 27, is 
apparentl:y terraced. The bench is eig·ht to ten feet above 

r 
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the flood plain and is composed of \Visconsin drift. Here is 
the semblance of an old v~lley· partially· filled by the Wiscon
sin ice, and the present narrow flood plain re1)resents the cut
ting· since the retreat of the last ice sheet. 

STRATIGRAPHY. • 

General Relations of Strata . 

The geolog·ic history of 11arshall county is recorded in 
strata which belong to two distinct series separated b:r an 
enormous time break. 1\. feeble realization of the immensity 
of the interval which elapsed after the co1npletion of the first 
chapter and before the commen<·ement of the last, can only 
be gained when we catch occasional g·limp e of profoundly 
eroded areas and base-leYeled plains. 

The underlying stratified rocks belong to the Carboniferous 
syste1n. Ly·ing unconformably upon these is a thick mantle 
of Pleistocene deposits which effectually conceal the older 
rocks, save along some of the larg·er streams. The forma
tions pre ent are tabulated below. 

CLASSII<'ICATION OF ~' ORMATIONS. 

I 
GROUP. SYSTEM. SERIES. STAGE. SCB STAGE. 

Hecent. AlluYial. 

\Yisconsin. Fourth till. 

-
Iowan. Loess. 

Third till. 

Cenozoic. Pleistocene. Glacial. Buchanan. 

I{anl:lan. Second till. 

~\ftonian. 1-\lbion graY-
els. 

u b-A ftonian '? l•'irst till. 
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CLESSIFICA'fIO • OF FORl'I ATIONS Continued 

GROCP. SYSTEM. SERIES. STAllE. St:H STACE. 

Upper, or Pennsyl-
van inn. Des Moines. 

St. Louis . 

Paleozoic. Carboniferous. 
• \.ugusta. 

Lower, or 1Ii&issip-
pian. ~1arshallt'wn 

shales. 
Kinderhook. Le Grand 

beds. 
Hannibal 

~hales'! 

The Lower Carbonif~rous forms an unbroken platform upon 
which all of the later deposits rest. The coal meast1res par 
tially overlap this formation and comprise about one-half the 
area of the count;y. While the present surface slopes gently 
to the southeast, the underl:ring stratified rocks are inclined 
to the southwest or at rig·ht-angles to the g·eneral surface 
inclination. The average dip of the strata i about fifteen 
feet per mile in the eastern portion of the coun t:,·, but the 
beds become almost perfectly flat to the westward. 

The deeper strata ha,ve onl:,T been explored at one point,-
11arshalltown. The following is the equence of strata passed 
through in ::,inking the deep well near the cit;r water works. 
The record* is based on sample drillings ::iaved by· Dr. ,,.,. . ~ . 
1'IcBride of Marshalltown. 

TIIIOKNF.SS, 

13. Limestone, light gray in fine sand, with 
many angular fragments of limpid quart:t 
at 68 feet----- -- - ------------ ----------

12. Limestone, light yellow, compact, earthy 
luster, three samples __ ______ __ _________ 45 

11. Limestone, brown, crystalline, cherty, at 
115 _______ ______________________________ 30 

70 

115 

145 

• Prof. \V. R. Nort;on kindly loaned to the writer bis manuscript on the Marshallt;own well, 
a nd from It the r ecorded descr iptions and lnterpreta.tlons a.re taken almost verbatim . 

t 
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TBlCKNl!:88. DEPTH. 

JO. Shale, soft, light green, c,llcareous __ ____ . 175 320 
!). Limestone('!) no samples. ____________ ____ 145 465 

Limestone, hard. brown: gray and bro,vn 
cry:-talline, rapid efferYescence, samples 
at 465 and 560. _________________________ 1.;5 620 

i. Dolomite, yellow, gypseous and cherty. ___ 55 6,5 

6. Limestone, magnesian, brown, samples at 
675, 690 and 700, cherty at 6, 5 .. _____ ____ 9,j 770 

5. Dolomite, cherty and gypseous: drillings 
consist mostly of "hite and translucent 

chert ... - -------------- ---------- - ------ 30 800 
4. Chert, white and translucent: samples at 

00 _ . __ .. ______ . _______ . ___ • ____ •. ____ . _ 7 5 ('?) 7 5 

3. Limestone, rapid eflervescen~: drillings 
consu;t almost wholly of chert with some 
gyp:Sum, samples at 875 and 900 ---- · ___ 15 915 

2. Dolomite, white in powder, "·ith some 
chert and gypsum __________ _______ __ ____ 10 925 

1. Shale, blue and green-gray, non-calcareous 
in samples, 925 to bottom of boring at. 95 1,020 

NO, 

11, 12, 13. 
10. 

' 9. 
2 7. 

1. 

St:'1DI \ RY. 
TBICK.NESS hEPT R 

FO RMATIO~. -FE&T, - FER'I 

)Iississippian (I{inderhook limestone) 145 145 
l{inderhook {Shales) --------------· 175 320 
D<>vonian __ _______ ·-------- - -------· 300 620 

Silurian------ - ·-------------------· 305 92.5 
1-Iaquoketa penetrated ______________ 95 1,020 

The sub-crystalline gray· limestone and the buff mag·nesian 
lime tone which attain such prominence in the exposures 
near Le Grand can be recog·nized as ... os. 13 and 10 respect
ively in the above section; but no trace of the equall}~ promi
nent oolite and blue sandstone is to be found in the drill
ing·s. The whole assemblage of limestones above the g·reen 
shale undoubtedly belong· to the l(inderhook, while the taxo
nomic relations of the shale itself are not so clear. For the 
present, perhaps, it is best to follow Professor orton and pro
,risionall)~ treat the formation as belong·ing to the I{iuder
hook, althoug·h lattet deYelopments ma:r show it to be in part 
Devonian. 1'1r. ( 1. . Hutson, well driller, reports 2GO feet of 
shale penetrated in sinking· a ,vell at the g·lucose works in the 
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south part of town. This heav:y bed of shale does not outcrop 
any place in the count3-, nor, o far as known, any place in 
central I owa, but its stratigraphic position seems to be the 
same as the thick shales encountered in the deep wells at 
Ottumwa and Sigourney* and the blue shale which outcrops 
at the base of the bluffs along· the 1'.lississippi river at Bur
ing·ton. t 

The section ends in the 1'.laquoketa shales which forms a 
well defined terrain throughout central Iowa, which may be 
taken as a standard of reference to determine the g·eneral dip 
of the deeper strata for this region. At Ackley and Cedar 
Rapids+ this formation is reached at about 400 and 300 feet 
respectively above sea level. At Marshalltown the top of the 
shale is fifty feet below tide, while at Ames the shale rises 
more than 100 feet above sea level. 

S tandard S ections. 

The best exposures are found in the ,ricinit}~ of Quarry and 
Le Grand along the Iowa river. The Le Grand Quarry Co. in 
the development of their propert3- have laid open to inspec
tion sections which agg·regate nearl:r two miles in length and 
nearly one hundred feet in ver tical thickness. Other sections 
of less importance may be obser ved where the smaller streams 
cross the Kinderhook escarpment, as~ for example, on Timber, 
Linn and Honey creeks, and near the towns of Albion and 
Bangor. 

T he following· sequence of beds may be obser,red at the 
East quarr ies near Le Grand. 

SECTION I. 
FEET. 

18. Loess, interstratified sands and silts below__ 16 
17. Bowlder clay oxidized a deep brown and con-

taining bowlders much decayed _________ 5-10 
16. Limebtone, sub-crystalline, pebbly____ __ __ __ 3 
15. Oolite, fine-grained, with many brecciated 

grains ___ ______ _______ __ __________ ___ ____ 4 

"'G eology of Iowa, vol. III , pp. 203-205, pl. xviii, 1!!93. 
t Geology of Iowa, vol. I, pp. 192-193, 1870. 
:; Geology of Iowa, Vol. III, pp. 189-192 and 195-197. 1893. 

I.NCH EB. 

} 
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F EET, 

14. Limestone, gray, slightly oolitic__ _______ __ _ 2 

13. Limestone, gray above, and yellow below - - - 2 
12. Limestone, buff, magnesian, rather heavily 

bedded, bisected by chert band about four 
feet from the base_______________________ 9 

11. Limestone, mixed gray, blue and buff, 
• 

INCHES. 

6 

breaks very irregularly(" Brindle" of the 
quarrymen)---- --- ·----------------- ---- 3 6 

10. Chert--------- ----- -------- ------ - --------- 4 
9. Limestone, soft, yellow. in thin layers and 

arenaceous; earthy in places__________ ___ 2 6 
8. Chert __ . ____ •. ______ • - ____ - _ -· - - - - - - _ ---- -- 4 

7. Limestone, blue, variegated to yello,v-bro,vn 6 

6. Chert-------------------------------------- 3 
5. Fossil-breccia ,vith lenses of crystal calcite_ 1 
4. Limestone, buff, magnesian, fine even tex-

ture and massive; cherty, concretions 
scattered promiscuously throughout. One 
quitepersistent band of chert about four 
feet from the base.------ ---------------- 12 

3. Limestone, blue, variegated to brown, hard, 
conchoidal fracture, and in heavy layers _ 3 6 

2. Oolite, in layers, 14, 12, 8, 9, 6, 36, 26, 24 and 
42 inches in thickness ___ ____ ___ ____ ____ _ 15 

l. Sandstone, fine-grained, blue, calciferous, in 
part shaly (exposed) ___ _________________ _ 10 

No. 1 in the above section is exposed in the quarry north 
of the river and appears at no other point in the county. The 
dip is about four deg·rees to the southwest, and this, with the 
slope of the stream, soon carries the beds below the surface. 
Near Indiantown, in Tama county·, the base of the oolite lies 
more than twenty feet above the water level, while at the 
west quarry both oolite and sandstone have passed below the 
bed of the river, and No. 16 has a· thickness of about twelve 
feet. The upper layers at Le Grand probably form the base 
of the section at Marshalltown. At the latter place the fol
lowing series, which consist principally· of shales, may be seen 
near the Woodbury flouring mills . 

• 

• 
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SECTION II. 
FUT, 

7. Loess. sandy __ . . ___ . ______ . __ __ . __ . ___ .. _____________ _ 2 

6. Clays, and sands ,v-ith some bowlder~, variegated; highly 
oxidized in streaks----------- -------- - ------- -- -- - - 6 

5. Calcareous. pebbly material containing large chert con
cretions: the originu1 limestone structure is nltnost 
obliterated ________________ _________________________ 4 

4. Shale, ash-blue, graduating downward into nrenaceou!:l 

beds--------- - -- --- ------------ --- ------------- - --- 6 
3. Limestone, arenaceous, impure ___ _____________________ 2 
2. Shale, dark blue, slightly sandy and concrctionnry anrl 

slack::; rapidly on exposure: many of the frag1nenh3 
spotted with white ftocculent 111aterhll _______ ___ ____ 4 

1. Limestone, bro,vn. sub-crystalline, ba:se ___________ ___ _ 

215 

All of the beds are more or less irregular and are cut out 
eastward. A continuation of the abO'-"e exposure, in the form 
of a low ridge, runs south\ve twarcl from the mill. departing 
somewhat from the ri, .. er, and perhaps outlining the po::,ition of 
an old escarpment. The ridge continue for nearl)· a mile, 
graduall;y wanes and passes under the drift bluff i1L the 'ol
diers · home. 

F10. 26. The upper Le Grand beds as exposed at Rockton. , 
19 G. Rep. 
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~\t Roel{ton the upper portion of seetion 1 is duplicated 

almost perfet'tl)~. 
F EET, 

6. Locss and soil--------------------------------------- 1 3 
5. Till, yellow tiowan) ______________________________ __ __ 2--! 

S1':L"l'ION llI. ROCl{TO~. 

-!. Till, reddish-hrown, :-01netiines blue below Kansan)_ 0-3 
:t Litnestone, hrow11, :-;uh-crystalline. rubbl,Y----------- 3-5 
2. Limestone, oolitil', hl'a,·y bcclclecl.____________ _______ 5 
1. Limestone. gray-brown, beds thinner ancl slightly 

argillaceons . _______ • ________________________ -_ _ _ 2 

T,vo drift sheets are represented here. X umerous granitic: 

F10. 27. The Le Grand beds as exposed on Tim her creek at the I. o. Ry. crossing. The loess 
m"inta.los a. vertical scarp, while tbe Ku.ostin till slopes. 

bowlders are present in tl1e base of the Iowan in places. 
Numbers 1, 2 and 3 in the above section ma·y be refer red to 

~ 

Nos. 14, 15 and 16 re::,pcctiYely i11 seetion 1. 
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.1:\.t the point where the Iowa Central railway crosses Tim
ber creek a slig·htly different facies of the Kinderhook beds 
may be observed. 

SECI ION IV. T IM BER CREEK. 
FEET. 

8. Loess, sandy, below _____ _____________________________ 10 

7. Bowlder clay (Kansan) ____ __ _ ------------------------ 6 
6. Limestone, brown, sub-crystalline, thinly bedd~d, and 

rubbly above, heavier below______________________ 8 
5. Limestone, yello,v, brittle, with occasior.al small 

caYerns decorated with concretionary calcite._ ____ l½ 
4. Limestone, blue, hard, brittle__________ ___ ____ _______ 2 

3. Oolite in three layers, 8, 22 and 6 inches roopecti'vely _ 3 
2. Lim~tone, gray-brown, with layers of blue, sub-crys-

talline limes ton~ inter bedded______________________ 6 
1. Limestone, gray-blue, close textured, soft ,vhen first 

exposed, wootbered portion, ye llow; layers vary 
from 6 to 18 inches, ver y evenly bedded, magnesian 12 

The oolite in the Timber creek section is undoubtedly the 
equivalent of the oolite exposed at Rockton and the "upper 
oolite" of section 1, numbers 1- 6, in the above section find 
their counterparts in 12-16 in the Le Grand section, with the 
possible exception of number 5, which was not r ecognized 
farther north. The differences in physical properties and 
coloration are larg·ely, if not wholly, due to the differences in 
weathering. The Timber creek beds are better protected 
than those at Le Grand. The prevailing colors of the 
unweathered product are shades of blue and gray, while tones 
of yellow and buff are brought about through the action of 
weathering agencies. The hardness of the Timber creek 
stone increases on exposure. 

SEC'rION V . 

(Tp. 81 N., R. XVIII W., S ec. e, Sw. qr., Se.¼.) 
FEET. 

3. Loess __________ - - • - _ - ___ - ___ _______ ______ ___________ . 1-3 

2. Till, oxidized throughout a d~p brown _____ _____ _____ 2-5 

1. Sandstone, reddish· brown in heavy beds, certain lay-
e rs show oblique bedding, exposed ________ ________ 12 

The sandstone exhibits a cong·lomerat ic facies in part. 
Well polished g·rains of sand and gravel are held in a matrix 

• 

} 
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of ferric oxide. Some of the iron oxide is often in the form 
of small nodules which frequentl}T are hollow and possess the 
concentric structure peculiar to concretions. Throughout 
the beds are the impressions of the trunks and branches of 
trees which have retained their wood)~ structure in a remark
able degree, althoug·h their original organic substance bas 
been entirely replaced by mineral matter . In some instances 
a pulverulent ash surrounded b:r a highl}T ferruginated shield 
are the only remains. In one case, a central core of "rerJ' 

P10. 28. Oarbonlterous sandstone In Timber Creek township, Sec. S, Sw. qr., Se. l\, 

hard material, almost quartzitic, was noted; aro11nd this a 
zone of wood fiber, and surroundi11g· all the concentrie; ferrug·
inous sl1ield. _£-\11 of the stems were in a recumbent position. 
No fa,unal remainl=> could be found. 

Geological F ormations. 

CARBONIFEROUS SYSTEM. 

With a few unimportant exceptions, the stratified rocks in 
the western l1alf of the count3r are entirely· concealed b}r the 
Pleistocene deposits. Rocks of the Lower Carboniferous ag·e 

11 
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ha Ye been exposed northwest of Liscomb near the Iowa river, 
and also east of Bang·or on Hone)T creek. Coal measure out
croppings appear on Honey creek and along· the Iowa river 
between Bang·or and Albion. 

l\IISSISSIPPIAN SERIES. 

Owen, in his description of the Carboniferous rocks of the 
Iowa river definitely referred the rocks exposed near Le 
Grand to the ubcarboniferous. H e sa)TS in part: '' It was 
not, however, until reaching the northwest corner of Tama 
county that rocks of the ubcarboniferous era were seen 
unequivocally in place. Here, on the left bank of the Iowa, 
* * * both oolitic and encrinital beds of Carboniferous 
limestone protrude; and where the river crosses the corner of 
Marshall county the characteristic fossil, Pentre,nite:-.: JJyri
fornzis was found, along with Tel'ebratula plano-:sulcata, ~ 1Jiri
f er striatu8 and Produrtu.· .·e,niretic:ulaht,•." He also calls atten
tion to the change in the surface config·uration, the beginning 
of a more vig·orous topography, and the increased g·rowth of 
timber, both of which, perhaps, are more or less independent 
of the country rock, but mark the transition of the drift 
plain into the loess-drift topography. 

J . D. Whitney describes a section on Timber creek and dis
poses of the exposures near Indiantown and Le Grand as fol
lows: "About one-half mile northwest of the town [Indian
town] a thin bedded, brittle limestone with a pinkish tinge is 
seen cropping out along the summits of the low ridges, 
* * * succeeded, in a descending order, by thin layers of 
white crystalline limestone filled with frag·ments of crinoidal 
columns. These layers contain intercalated masses of chert, 
and some of the beds are oolitic in structure, the whole 
assemblage closely resembling the outcrop of the Burlington 
member of the Carboniferous limestone as seen at that place. 
* * * In some loose masses of oolitic limestones ·:+ * ·* 

there were found specimens of Spirifer ( ?) ----, and an 
A vicula resembling ... J. rnarionen.s is Shumard.' ' 

• Geology of Iowa, Pt. 1, pp. 267-8. 1858. 

• 
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White, in his discussion of the ''Carboniferous System,"* 
describes the section at In<liantown, which is practically the 
same as the exposures at Le Grand, as consisting of. 

FEBT. 

a. Soft irregularly bedded magnesian limestone passing 
up into purer and more regularly bedded limestone 40 

2. Light gray, oolitic limestone in heavy layers. -. ______ 15 
1. Yellowish, shaly, fine-grained sandstone _______ _______ 20 

Continuing he sa:rs: "The characteristic fossils of the Kin
derhook formation prevail throughout the whole series of 
beds found at Indiantown, even including the whole forty feet 
of No. 3. Although the upper part of No. 3 presents the 
lithological appearance of some parts of the Burlington lime
stone, yet its distinctive paleontological characters are want
ing or feebly shown. The whole is therefore referred to the 
epoch of the Kinderhook beds, especially since the line of 
demarkation between the rocks of this epoch and those of the 
Burlington limestone is nowhere definite.'' 

Wachsmuth and Springer, tin their chapter on the crinoids 
and blastoids from Le Grand, Iowa, accept White's reference 
of os. 1 and 2 in the above section, but observe that the 
upper part of o. 3, of the Le Grand and Indiantown sections 
is, in their opinion, very· probabl;r the representative in part 
of the Lower Burling·ton limestone. A specimen of .Actinocl'i
nu. pl'obosciclialis which is one of the most characteristic 
species of the Lower Burlington, js mentioned as having been 
found in the upper la:yers; and these authors sugg·est that the 
upward limit of the Kinderhook is coincident with upper 
limits of the magnesian li1nestone. 

To summarize briefly, Owen and WhitneJ' considered the 
Le Grand beds to be the equivalents of the encrinital forma
tions,-the Lower Burling·ton limestone at Burling·ton, the 
correlation being based almost wholly on lithological resem
blances. White definitel:r assigns the assemblage to the 
Kinderhook as defined by leek and Worthen, basing his opin-

* Geology Iowa, vol. I, pp. 195-7, 1870. 
t Geol. Hur. Ill,nols, ,ol. VIII, pp. 155-208, 1800. 



KINDERHOOK OUTLIER. 221 

ion on paleontologic evidence; while vVachsmuth and Springer, 
in,their study of the echinodermatous remains in the beds, 
confirm Whi.te's reference, in the main, but sug·gest the prob
ability of certain of the upper la:yers belonging· to the Lower 

Burlington. 
The present investigation affords no reason to dissent from 

Professor White's reference. Professor Calvin has kindly 
identified a series of fossils collected at Le Grand, Timber 
creek and Rockton, some of which were taken from the 
extreme uppermost strata, and he finds them to possess dis
tinctively Kinderhook characters. 

KINDERHOOK. 

The Kinderhook beds in Marshall county attain a maximum 
thickness of nearly 150 feet.* The entire sequence may be 

F10. 29. Kinderhook outlier. Marshall-Tama. line on the Iowa river. 

observed by visiting two sections. The greater portion of 
the section is exposed at Le Grand, while the uppermost beds 
may be seen at Marshalltown. 

T HE LE GRAND BEDS. 

The Le Grand beds comprise a total thickness of about 135 
feet, as evjdenced by the deep wells in Marshalltown which 
penetrate these deposits. Scarcely 100 feet of strata are 

· The above esti1oate does not include the 175 feet of shale exhibited in the Marshalltown 
deep well, which ls doubtfully referred to the Kinderhook 

• 

' 
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exposed at the L e Grand when all of the outcrops are com
bined. Although the L e Grand beds constitute a strati-

F10. 30. Le Grand beds as exposed at southwest quarry, Le Grand. (]) Qijll te, (2) Obert bei I. 
(3) Orlnold zone, (-i) Ice-planed surface of the brown and gray subcry stalllne lime8tone. 

g·raphic unit, for convenience of discussion they may· be ub
divided litholog·ically· into four fairly· well worked terrains, 
as follows: 

Fll:ET. 

4. Brown and gray su bcrystallioe limestone _. _ _ _ _ _ _ _ _ _ _ _ 30 
3. Buff magnesian limestone, cherty belo"· _____ _________ 35 

2. Gray-white oolite ------ - - - --------------------------- 15 
1. .Argillaceous, blue sandstone------ ------------------- 20 

The lowest member consists of a very soft, fine-g·rained 
bluish white sandstone, slightly' arg·illaceous abo·ve and heavy 
bedded below. The sandstone is exposed only at the north-
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east quarry within the limits of the county·. At Indiantown, 
about two miles east of Le Grand, the sandstone is very fri
able and takes on a yellowish tone due to weathering·. Casts 
of fossils were observed. 

The oolitic member is in very heavy la:y-ers and is evenly 
bedded. It is of a gray-white color and is only exposed in 
the two east quarries at Le Grand. This terrain is fossilifer
ous throughout. The principal forms recognized were: 

Entolium oitculus Shumard. 
Strapa,·ollus latu. Hall. 
Productus sp. ( ?) and fish spines and plates. 
The third member comprises about thirty-five feet of homo

geneous, :fine-grained, buff, mag·nesian limestone, which, 
lithologicall:r and faunally, may be subdivided into three 

zones. 
F EET. 

3. H eavy bedded magnesian limestone; barren zone ____ _ 12 
2. Arenaceous marly layers; Encrinital zone ____ . _ _ _ _ _ _ _ 4 

{ 
Barren zone, 12 feet l 

1. Chert beds Chonetes zone, 8 feet f ----------- ·- ---- 20 

The chert beds consist of irregularly bedded magnesian 
limestone, much divided b:y quite persistent chert bands and 
cherty concretions scattered promiscuously throughout the 
deposit. Thi$ division is almost devoid of organic r emains, 
save in the chert bands and associated layers near the base, 
which are ,closely set with Chonetes. Productus arcuatus 
Hall, was found along with the Chonetes. The chert beds 
are separated from the oolite by a variegated, heavily bedded, 
subcrystalline brown and blue limestone, whose most char
acteristic organic remains are fish spines. A larg·e spine of 
Ctenacanthus, similar to C. jul'cicarinatus of ewberry, was 
found in this layer. 

The middle layers are thinly bedded and of a marly arena
ceous character, forming a fit receptacle for the abundant 
crinoidal fauna which they contain. More than nine-tenths of 
the E chinodermatous remains fol1nd at this locality were con
fined to these sbaly, marly layers, which have an ag·g·regate 

j -
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thickness of less than four feet, a nd may :fit tingly· be desig
nated the '' Encl'inital zone.'' 

Wachsmuth and Springer ,* the eminent author ities on t he 
Paleozoic f >elmatozoa, have described the following species 
of crinoids and blastoids from the Le Grand bed 

... 1thinocrin11s or11otiss,n11s ,v. ( .. 'p . 
.£1th inor•rin If:-< norlobrocli iatu. · ,v. & Sp. 
Ath inocri11u.s ar11ol(li W. & 'p. 
Jleqi.·toc,·inu,• nobili:-1 W. <.\: p . 
..1.lfeqi8torrinu. JJar1•u.s W. & "p. 
Batocrinus 111ar·briclei W. & 'p. 
JJOl'!JCl'inus i111111aturllS W. & ~ 'p. 
Dorycri1111s racliatus W. & p. 
Dor,1;c1·i11us par1•iba. i:-; W. <.\: p. 
Rhocloc,·i11us kirbyi W. <.\: p. 
Rhoclo<'ri,ut.s 11anu.8 1Ieek & Worthen . 
Rliotlof'ri11u 11•ater:-;ian11s '\\r. & p. 
J>laty,·rinu. Sf/lllnzetri,·us "\V. (\: Sp. 
J>/atyf'1•inu8 JJlanuN Owen <-~ 'hummard? 
IJichor·rinu.-. inornat11s \V. <-\: 'p. 
Gra11hior·ri11us lonqicir,·,:ftr ,,r. (\: ~ p. 
hyr·aph ior'rin11.· eleqantulu::; W. <-T p . 
J ('{(p/t io,·ri11118 qlobo8U,' ,·r. (~ p. 
Ta.L·ocrin11.s jletcheri Worthen. 
Ta,ro,·rinus illter111e(lius ,,r. ('{, Sp. 
01·01;hocrin11. r·o11ir·11.s ,,r. <-\: 'p. 
()l'Oj)ltOt'/'llll/8 fur~11J'or11t8 ,v·. <-V. p. 
In descr ibing· the mode of occurrence an<l. former habitat 

and state of preservation of this mo~t interesting assemblage 
of organisms, the aboYe author· wr ite as follows : "It 
appears that the Le Grand crinoids were deposited in ,·ery 
quiet ,vaters, and in man)T cases were imbedded just as the)T 
<lied. 'l1 hey oc:c.-ur in nests and colonies, and g·enera and 
species are commingled indiscriminatel:r. I t is, t herefore, a 
curious fac>t that while the specimens of some specie ar e of 

• Oeologlcu.1 Burv. Illlnols, vol. VCII, pp. 157-205. 1890. 



LE GRAND BEDS. 225 

pure calcareous composition and of a light color, those of 
others, under precisely similar conditions, lying side by side 
with them, sometimes even with stems and arms intertwined, 
are harder and of a ver:y dark brownish-gray color. * * ,-+ 

The stems are short, * * * and is worthy of note that in 
all our perfect specimens from Le Grand * * * taper to 
a fine point, giving off rootlets in all directions, and there is 
in no instance any indication of an attachment by the column 
to a solid substance * * *. Taking everything into con
sideration, it seems to us the numerous small rootlets, spread
ing in all directions lead to the conclusion that thosecrinoids, 
with but few exceptions, either lived upon a soft, oozy bot-. 
tom, in which they were rooted like plants, or that the rootlets 
served as an anchor by which the animal attached itself to 

foreig·n bodies.'' 
The brachiopodous fauna is represented as follows in this 

zone: 
Spirifer uiplicatus Hall. 
Ortliothetes cl'enistria Phillips. 
Rhynchonella sp (?). 
Spirifer sp (?). 
The upper layers of the magnesian limestone consist of 

heavy beds two to four feet in thickness and rather evenly· 
bedded. A chert band bisects the division near its middle, 
but otherwise it is quite free from siliceous matter. Fossils 

are rare. 
The magnesian limestone is exposed in its entirety in the 

two east quarries at Le Grand. At the west quarry the upper 
two divisions only are exposed. At the Timber creek quarry 
the top of the upper division is but little above water and this 
division alone has been explored. These are the only locali
ties where this formation appears in the county. 

The uppermost Le Grand beds comprise a composite series 
consisting in the main of gray or brown, subcrystalline lime
stone, and gray oOlite. This 1oolitic layer is near the base 
and is composed of four feet of typical oolite resting on two 

, 
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feet and a half of shell breccia with an oolitic facies. The 
limestone above the oolite is hard, thinly· bedded and rubbly 
in character. Occasionally chert bands are present, but they 
are less abundant than in the magnesian la:rers. The whole 
assemblage is highly fossiliferous throug·hout, the chief forms 
being: 

p i l'ifer sub,·otundus Hall. 
Spirifer extenuatus (?) Hall. 
p irifer biplicat u,s Hall. 

Orthothetes crenistria Phillips. 
Rhynchonella, sp ('?). 
Terebratula, sp ('?) . 
Fish remains and crinoid stems are often present in abund

ance, but .Actinoc1·inu8 proboscidial is Hall, is the only crinoid 
calyx described from these beds. 

The upper division is present wherever the Le Grand beds 
have been recognized within the limits of the county. It 
plays an important role in the Kinderhook escarpment, whose 
position is approximately marked out b:y a line passing 
through the L e Grand, Rockton, Corrick and Liscomb 
quarries. The valleys of the streams which have cut into 
the countr3r rock are constricted where they cross this line. 
This is best seen in the valley of the Iowa itself. (See Pleis
tocene map.) The most extreme westward outcrops may be 
noted on the Iowa river north of the Soldiers' Home, on North 
Timber creek, and on South Timber creek near Ferguson. At 
the last three places only the thin bedded, brown, subcrystal
line limestone may be seen. 

1\iARSHALLTOWN S HALES. 

About :fifteen feet of argillo-calcareous beds are exposed 
near the Marshalltown Flouring Mills. They consist of ash
blue to deep blue shales interbedded with arg-illaceous lime
stones. Chert nodules are present in the upper calcareous 
layers. After dilig·ent search no trace of organic remains 
could be found. In the absence of distinctive characters these 
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beds may be referred conditionally to the Kinderhook. Con
cretions similar to those mentioned above are found along the 
river westward to the great bend, but not in place. 

AUGUSTA. 

Although I-Iall considers the Le Grand beds to be the 
equivalent of the Lower Burlington and Wachsmuth and 
Springer have sug·gested the probable equivalency of the 
brown subcr:rstalline layers at Le Grand with the same forma
tion, yet the matter now stands pretty much as it did more 
than a quarter of a century ag·o, when White failed to find 
sufficient reason for the differentiation of the Lower Carbon
iferous in Marshall county. With the data in hand at the pres
ent time the Aug·usta cannot be recognized definitely within 
the confines of the county. 

SAINT LOUIS. 

In Bang·or township in the w. qr., w. t of 'ec. 16, a 
heavily bedded, close-textured limestone is quarried in the 
bottom of Honey· creek. The rock is of a dark, ash-g·ray 
color and contains some small, cherty concretions. Iron 
p:yriies occur in bands and sheets in certain la}Ters. The rock 
breaks with an uneven or hackley fracture, and some blocks 
g·i,Te a metallic chink when struck with a hammer. o fossils 
could be found. Lithologically, these beds have a very close 
resemblance to the lithographic facies of the Saint Louis 
limestone as exhibited at the quarries north of .;:\mes on the 
"l{t1nk riy·er, and at Webster C'ity on the Boone river. The 

,trea is mapped as Kinderhook, but probably should be 
referred to the 'aint Louis. Coal measures overlie these beds 
at this point. 

DES 1\101 TES STA.GE:. 

'l"he coal measures (Des 11oines) overlap the Lower Carbon
iferous formation in an irregular manner and occupy nearl:y· 
one-httlf the superficial area of the county. The general 
trend of the overlapping· edge of the formation is east of 

I 
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south, extending from the northeast corner of Bangor town
ship to the southwest corner of Green Castle township. '11here 
are reentrant ang'les where the principal streams make their 
exit from the measures, with the exception of Middle Timber 
creek; there being an extension at this point. .A prolonga
tion of the coal measures extends westward into Iowa and 
Liscomb townships an~ may have been at one time continuous 
with the outlier in \ Tienna and Ta:ylor townships, which marks 
the extreme eastward limit of the Des Moines in the count}r· 
Outcroppings of the coal measures are few and unimportant, 
so perfect is their concealment b}r the g·lacial debris. At 
certain points along· the Iowa river northwest of .Albion on 
Honey creek, a thin coal seam along with carbonaceous shale 
may be noted. In Timber Creek township a heavily· bedded, 
red sandstone appears along a tributary of Linn creek, near 
the Chicag·o Great Wes tern rail way on sections 8 and 9. 
Outcrops of the same beds may be observed near the water 
level on the Middle Timber in sections 26 and 34. A way from 
the marg·in there are no expos,lres of the Des 11oines in the 
reg·ion. T he deeper wells in the vicinity of State Center 
undoubtedly penetrate the coal measures, which consist 
largely of shales. In sinking· a well for E manuel Hepner, 
T p. 85, ., R. XVII W. , Sec. 30, Se. qr., e. ¼, the following· 
sequence of strata was reported. 

FEET. IN ORES. 
L oess and drift. __ _____________ ____________ _ ----120 

Sandy, sbelly rock, greenish yellow_______ ___ ___ 2 
Coal______ ____ ____ ____________ __________________ 6-8 
Red sandstone, soft ______ _______ ________ ____ ____ 16 

Argillaceous limestone, very bard__ ____________ _ 1 
Argillaceous shale, light, ash-color __ ____ ________ 13 
Coal, carbonaceous shale and fire clay __________ 6 
Hard, gray lime:tone (penetrated) __ ____ ________ 10 

Other wells in the vicinity are reported to exhibit a similar 
sequence. The Hepner well seems to be near the center of 
the outlier and hence the maximum thickness of the measures 
in this region may be taken as approximately· forty feet. The 
Des Moines is doubtless much thicker in the western portion 
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of the county, but a,t present no well authenticated records 

are at hand. 
Here, as elsewhere in Iowa, the Des Moines stag·e of the 

Upper Carboniferous consists essentially of shales and sand
stones, with occasional la~yers of arg·illaceous limestones an<l 
seams of coal, all of which are interbedded in an intricate 
manner. The shales predominate in Marshall county· and 
·vary structurally from massive structureless cla),.S throug·h 
cla}Te:r shales to fissile shales; texturally form the purest 
shales throug·h arenaceous shales to arg·illaceous sandstones. 
Colors are equally variable from the gr ay-white fire clays to 
the jet-black carbonaceous shales. 

The prevailing sandstones are in shades of red, but in other 
reg·ions, where better exposed, they are found to be equally 
as variable in physical properties as are the shales. 

So far as at present known the arg·illaceous limestones and 
coal seams are sparingly developed in this territory. 

PLEISTOCENE. 

With a few unimportant exceptions where the larg·er 
streams have succeeded in cutting throug·h and exposing· the 
older formations, the Pleistocene deposits form a continuous 
mantle over the entire county. They are composed essen
tially of bowlder clays, sands, gravels and silts, often inter
)Jedded a nd intermingled in a most complex manner. Bowl
ders are not uncommon attendants to this most heterogeneous 
assemblag·e. The averag·e thickness of the glacial debris on 
the uplands in this region, is upwards of 100 feet, and the 
present surface features are sculptured almost wholly in this 
material. At certain points in the county much greater depths 
are attained. In Eden Tp. on the northwest quar ter of 
section 8, 190 feet was reported; Jefferson Tp. , Sw. qr. 
of Sec. 22, 220 feet; 11arietta T p., Sw. qr. of Sec. 25, 212 feet ; 
Liscomb Tp., w. qr., Sec. 22, 260 feet; Taylor Tp., Se. qr. , 
of Sec. 1, 300 feet, and on the Sw. qr., 400 feet of drift was 
penetrated. I n the latter township there seems to be a rock-

I 
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bound g·org·e trending northeast-southwest, bisecting sections 
1 and 11, and more than a half mile in width. The southern 
wall of the gorge is apparently very abrupt, while the north 
wall rises gradually. The rock rises to seventy or eig·hty 
feet of the surface within half a mile southeast of the line of 
the gorge. Northward the rock is reached 190 and 180 feet 
below the surface on the Sw. and Nw. qrs. of section 2, 
respectively. The inequality of the slopes of this buried 
channel is analogous to that of the great majority of the Iowa 
streams of the present day. The south flank is almost uni
versally the more abrupt. * 

Althoug·h there are occasional hints of preglacial channels 
and depressions, none can be mapped definitely, and the gen
eral testimon:r of the drift wells is that the preglacial topog
raphy was milder than that of the present time. The type of 
topog·raphic maturity. the pure plain, is sugg·ested. 

Marshall county has been subjected to at least three and 
perhaps four distinct ice invasions, separated by intervals 
of vigorous erosion and surface corrugation, or surface silt
ing. The firs t two ice sheets were followed by gravel trains, 
while the last two were succeeded by intervals of surface 
silting· and alluvium forming, respect ively. The sequence of 
events ma:y be described briefly in chronological order, and 
the corresponding deposits arrang·ed s tratig·raphically as fol
lows. 

8. Deglaciation and erosion _____ Recent (Alluvium in part.) 
7. Glaciation (w·estern Illilr g in 

of county) ___ _______________ "\Visconsin till. 

6. Deglaciation and surface silt-
ing ______________ .. _. ______ Loess. 

5. Glaciation (nor th east corner) . I owan till. 
4. Deglacia.tion and vigorous ero-

sion . . ______ __ • ___ . ___ . ____ . Buchanan gra-vels. 
3. Glaciation (general) _______ __ _ Kansan till. 
2. Deglaciation anderosion ____ __ Aftonian gravels. 
1. Glaciation .. ___ . . . ____ ________ Sub-Aftonian till . 

* Th e writer ls indebted to Mr. H arry Weatherby tor t he records In Taylor township. The 
d ata Is based on drillers' notes or derived trom a per sonal Interviews with the respec1 Ive 
la nd-owners. Such evidence mui.t be t aken with a. gra in of allowance. The Kinderhook 
shales Ile scarcely 100 !let below the general rock surface and migh t easily be mistaken tor 
drif t clays. 

• 



IOWA GEOLOGICAL SURVEY. PLATE VI. 

DRIFT SECTION AT ALBION. 



SECTION A.T ALBION ~!ILL. 231 

SUB-AFTONIAN. 

o till sheet below the Kansan has certainl;r been identified 
in this reg·ion. At the Albion mill, about ten miles northwest 
of ~Iarshalltown, the following sequence of deposits may be 
observed, the basal members of which are pre-Kansan, and 
may be the equivalent of the sub-... Utonian. 

ALBION S ECTION". 
ll'EJ:T, 

6. Loess, stratified sand and silt below_______________ 20 
5. Yellow till, apparantly wanting in places and often 

represented by characteristic bo,vlders only. 
(Io,van) ____________ ___ _____ ___ __________ _______ 0-1! 

4. Gravel, bo" lders four or fl.ye inches in diameter 
present, granitic members oftRn much decayed; 
limestone pebbles common: bowlders of I{ansan 
adorned with pebbles noted. (Buchanan) ____ _ _ 2 

3. Till, upper portion oxidized a deep reddi:.h brown, 
the lower portion unoxidized and gray-blue in 
color; jointed structures prominent throughout. 
(Kansan)____________ _____ ____ _________________ _ 5 

2. Sand and gravel, stratified, coaroer below: oxidized 
in streaks and bands approximately parallel to 
bedding plane::.. (Aftonian)______ ___________ ___ 10 

l. Blue till* (Sub-Aftonian) __ _ _ _ _ __ ____ __ _ _ _ _ _ _ __ _ _ __ 10 

At the well put down in section 7, in Warren township, for 
Wm. 1'.l. Wallace, the drillers' record is as follows: 

Yellow clay (loess, Iowan and oxidized portion of Kan-
!'£ET. 

san) ______ ____________ _________ _________________ _____ 30 
Blue clay (Kansan)_ _____ __ ____ _______ ___________________ 40 
Sand and gravel (Aftonian';')_ _____ _______ _________ __ _____ 30 
Blue clay (Sub-Aftonian '?) _ _ _ _ _ __ _ _ _ _ __ __ _ _ _ _ _ _ __ _ __ _ ____ 50 

The above records at least suggest the presence of the pre
Kansan till sheet, but additional data are necessary before 
more explicit statements can be made concerning· its charac
teristics and distribution. 

AFTONIAN. 

At the base of the Albion section ten feet of s tratified sand 
and gravels may be observed. These beds were laid down , 

.,. Not exposed, but R. W. Sheets reports ten feet ot bowlder clay penetrated ln slnlrtng the 
abutments !or the bridge. 

20 G. Rep. 
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in large part, through the agency of running water. 11any of 
the pebbles and small bowlders bear polished, striated or 
facetted surfaces, 3ret the granitic members are oftentimes in 
an advanced stage of decay. The relation of this deposit to 
the Kansan is unquestionable, because till of the Kansan age 
rests immediately upon these beds. Gravels similarly related 
to the Kansan have been reported from various parts of the 
county, and the maximum thickness attained is about thirty 

• 

feet. 
The presence of a well marked terrane consisting of sands 

and of gravels. many of the pebble::, and small bowlders of 
which bear the unmistakable imprints of glaciation, almost 
necessitate a pre(!xistant glacier and its universal product, the 
till sheet. ...1 priori, this fact in itself would be sufficient rea
son for suspecting the presence of pre-I{ansan glaciation (sub
Aftonian drift sheet). 

KANSAN. 

The Kansan ice covered the entire area under consider~tion 
and extended far southwestward into 1Iissouri and Kansas, 
receiving its name from the latter state. As a till producer 
this great ice sheet is without a rival, and the elements of the 
present topographic features are boldl:y ot1tlined in the till of 
this sheet. 

The Kansan drift is composed essentially of bowlder clays 
containing· pockets of sand and g·ravel and occasional bowl
ders of moderate size. Tl1e coloration is almost wholly due 
to the state of oxidation, and the formation ma,3" be di,,.ided 
arbitrarily into an upper oxidized portion an<l a lower unoxi
dized portion. The oxidized zone varies in color from a 
bright 3,.ello\v to a deep reddish brown, " rhile the unoxidized 
portion assumes some shade of blue, and constitutes the blue 
clay, hard pan, etc., of drillers. The degree of leaching to 
which these beds have been subjected Yaries greatl:r, and 
approximately keeps pace with the process of oxidation. In 
the cuts along the Chic.:ago Great "\Ve::;tern railwa:r on sections 

-
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8 and 17, in Timber Creek township, these facts are beauti
fully illustrated. The maximum thickness of Kansan till 
exposed here is about fifteen feet, covered with 3 to 10 feet of 
loess, the latter being the thickest upon the hill flanks. Near 
the line of contact the till is a deep red-brown in color and 
tboroug·hly leached. Passing· downward, the color becomes 
lighter and the leaching less perfect. The lower five feet of 
the partially oxidized zone is of a faded yellow color, and 
lime concretions similar to those found in the loess which 
mark the incipitent stages of leaching are very abundant. 

The pebbles and bowlders consist chiefly of granites, g·reen
stones and gneisses. In the eastern half of the county frag
ments of limpid quartz and cherty limestones are very com
mon, while quartzites occur infrequently. Many of the 
bowlders are fractured and striated. The granites and 
gneisses often crumble on exposure. Fragments of conifer
ous wood are not uncommon inclusions in the lower portion 
of the formation. 

The Kansan till covers the whole county save where it has 
been removed by erosive agencies. The thickness of the 
sheet varies from a few feet, where it caps the outliers of the 
Kinderhook to more than one hundred feet in the uplands of 
the soµth and west, with an average thickness of little less 
than the latter figure. The oxidized portion is usually rather 
more than ten feet thick. 

BUCHANAN. 

The retreat of the Kansan ice was closely followed by a 
season of vig·orous erosion and a working over of the newly 
deposited drift. This was a time of g ravel accumulation. 
Well rounded bow lders of Kansan till are found in these 
g·ravel beds and may be taken as evidence of the still frigid 
climate, for it is reasonable to presume that fragments of 
clay would not permit attrition and transportation unless 
frozen. At Albion these gravels attain a thickness of about 
two feet and are typically developed. They are very much 

f 



234 GEOLOGY OF l\IARSHALL COUNTY. 

coarser at this point than those referred. to the Aftonian. 
The gra·vels near Gifford are probabl:y of the same age, but 
are finer textured and distinctly stratified. During· the 
remainder, and by far the g·reater portion of the inter-glacial 
interval, the surface was profoundly eroded, oxidized and 

lea,ched. 
IOWAN. 

The Iowan ice traversed the northeast part of Marshall 
county and left evidence of its visit in the form of a thin 
sheet of till, and a goodly sprinkling of bowlders, some of 

F IG. 31. Iowan bowlder, red granite, situated two and a. halt mllEs north or Marshalltown. 

which are of enormous size. Unlike the Kansan, the Iowan 
contributed but little bowlder clay. Exposures of I owan till 
may be observed at the Albion mills,Rockton, the cuts along the 
wag·on roads in the northwest corner of section 2, Tp. 89 N., R. 
XVIII W., and various places between sections 5 and 6, Tp. 
84 ., R. XVIIW. This drift sheet never attains more than a 
few feet in thickness, and over perhaps the greater portion 
of the area, the bowlders, many of which occur well up the 
hill flanks, are the only witnesses of its prei:ence. The Iowan 
till is light to bright )Tell ow in color and is imperfectly oxidized 
and leached. It is sandier and lacks the toug·h, plastic char-

• 
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acter of the Kansan. The bow lders, both g·reat and small, 
are prevailing·ly g·ranites, and are much fresher than those 
common to the older drifts. ' 

The I owan ice ,vas undoubtedly thin in this region, and the 
extreme advance of the attenuated edg·e is probably approx
imately outlined by the Iowa ri,Ter, but no bowlders were 
observed on the flood plain below Albion. 

LOESS. I 

T he loess js a homogeneous, siliceous silt vai'}ring from 
light buff to a brownish buff in color. It in some m~asure 
resembles the drift after the coarser and finer materials have 
been removed. The constituent particles vary in size from 

F10. 32. Strat,lfied loess, in clay pit o! Sieg and Size, west of Marshalltown on the Iowa 
Central railway. 

the finest silt to fine sands and usually present shar p ang·les. 
Lime concretions, lo.sspU!f)pen and lo8smanchen, are often pres
ent in g·reat numbers. Structurally, the deposit is uniformily 
massive, although in many exposures stratification lines are 
plainly visible. Typical loess possesses the peculiar physical 
property by virtue of which it tends to maintain a vertical 
scarp, regardless of its apparently incoherent character, and it 

r 
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thereby greatly sharpens the contour lines of the regions thus 

clothed. 
With the exception of the territory covered by the Wiscon-

sin till and a small area near the northeast corner, the loess 
mantles the entire county·, irrespective of altitude, save 
where i-emove<l b:r the streams. It is thickest in the vicinity 
of the probable marg·in of the Iowan ice, that is along the 
Iowa river, where it attain~ a maximum ,rertical measurement 
of upwards of twenty feet. In this region the deposit al way·s 
grades downward imperceptibly into stratified sands. The 
loess i.s relativel:y both thicker and sandier near the greater 
waterways than upon the uplands. On many of the hills near 
the Iowa and, in a less deg·ree, its greater tributaries, the 
upper silt has been remo,.,ed and the sub-loessial sands com
prise the present surface. This is notably· t rue of the hills 
south of Albion and in 11arshalltown and ·vicinit:y. The Chi
cago Great Wes tern, crossing the divide between Linn and 
Timber creeks, la:rs bare some interesting facts concerning 
the distribution of the loess. While all of the hills are wholly 
loess mantled, the deposit g·raduall:r thickens from the summit 
to the slopes and is larg·el}T dissected out in the ,Talleys. 

T he quarries near Le Grand expose from 15 to 20 feet of 
loess which is slightly sanely above, loess and sand interstrat
ifie<l in the middle, and almost pure sand at the base of the 
section. Loess concretions and fossils were not noted. At 
the clay pits west of Marshalltown, the loess is beautifully 
stratified throughout and becomes more siliceous below. 
Lime concretions occur spar ingl:y, but no fossils were found . 
T he above section ma:r be considered t:rpical for the imme
diate vicinity of the I owa river. Two miles west of 11arshall
town a road cut exhibits the following· section. 

F &ET. 

Typical loess, slightly arenaceous below ----- - ---- · ___ 6 to 8 
Interstratificd sand and loess, exposed ___ __ __________ 4 

Fossils are ,tbundant in the upper portion and persist in • 
diminished numbers where lines of stratification are appar
ent. The principal species identified* are listed below. 

• Protessor Shimek klndly ldentlfled the tossll~ round In the loess. 

. 1w J 

...•. c,, ·• ·-~· " •. a"·•• • ,c . . ,._ ,..,,,. •••••••"·• ., .... ,,.,.,., ·• • .. •• . ,. .. ',.., . " " .. .. . I 

' 



• 

ORIGIN OF THE LOESS. 

Succinea aval'a Say, very abundant. 
ucoinea obliqua (Say). 

Zonites shi,nekii Pilsbry. 
Fatula striatella Anthony. 
Yallonia pulcliella Mueller. 
Zonites ful vus Draper. 
Pu.pa musco1·uni Linnaeus. 
Pupa alticola Ing·ersol. 
Pupa pentadon Say. 
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One-half mile south of Bangor, :fifteen feet of loess are 
exposed. The lower portion is filled with root casts, the 
largest of which measure an inch and a half in diameter. 
The matrix consists of interstratified, light colored sand and 
silt, the result of the removal of the iron constituents and 
the concretionary casts. Numerous concretions and fossils 
occur in the upper portion, the most common fossils observed 
being: 

Succinea avara Say, very abundant. 
Pupa p entadon Say. 
Pupa rnusco1·um Linnaeus. 
Helicocliscus liaeatus Say. 
About one and one-half miles north of State Center the 

above section is almost perfectly duplicated in all particulars. 
Fossils were noted in the clay pits at Rhodes and Melbourne 
and other points, but whenever observed, Succinea ava1·a Say 
constituted more than one-half the specimens. 

Origin of the loess.-Even since the publication of von 
Richthofen's "China," with the description of the Chinese 
loess, and the formation of the "Eolian Hypothesis" by that 
distinguished geologist and writer, the orig·in of this most 
anomalous deposit has been a fruitful subject for hypotheses 
both in this country and in Europe. It is not intended in the 
present discussion to espouse any particular theory, but 
rather to record the more salient features of the Marshall 
county loess and sugg·est their probable significance. 

• 

I 
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The stratified sub-loessial sands and interstratifiecl sand 
and silt render plausible a subaqueous orig·in. But whether 
these conditions were brought about by a general depression 
of the surface ancl consequent ponding of the streams, or by 
drainage obstructed throug·h the existence of an ice dam, the 
facts at hand do not warrant a conclusion. The general dis
tribution of the loess, the absence of structural characters 
peculiar to waterlaid materials, the presence of land mol
lusks, some of which are now native even to arid regions, 
certainly lend credence to an reolian hypothesis. The angu
larity of the constituent particles has also been considered 
favorable to wind as the transporting agent. The validity of 
this inference is not well founded. It is an established fact 
that while the coarser sand grains are usuall3T rounded through 
mutual attrition and impingement ag·ainst obstructions, the 
cushioning action of the water adequately protects the finer 
sands and silts so that they maintain their angularity thoug·h 
transported great distances. 

WISCONSIN". 

The Wisconsin ice was represented in Iowa b3? a g·reat 
tong·ue-shapecl lobe, whose apex reached Des 1Ioines, and 
which by a flank movement invaded the \Yestern border of 
11arshall county·. The acc0mpan)Ting till sheet is second only 
to that of the Kansan. The upper portion of the Wisconsin 
till is slig·htl3T oxidized to a faint, dull :rellow color and is 
succeeded downward b}T a blue bowlder cla3T less massive 
than that of the Kansan. Samples of both the oxidized and 
unoxidized portion effervesce freely when treated with cold, 
dilute h3Tdrochloric acid. Lime balls are ,,.er3T abundant in 
many places. Bowlders are much more numerous in this 
region than in an3T of the older drift sheets, but are of smaller 
size than those of the Iowan age. The predominating· ty·pes 
are gray and red granites, with less abundant quartzites and 
gneisses. Ba~ic rocks are comparatively· rare. The bowlders 
present a striking·ly different aspect from those peculiar to 

. ·. ! 
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the subjacent Kansan, being as fresh as when they were 
broken from the parent ledg·e. 

ALTA?v!ONT !>10RAINE . 

The limits of the Wisconsin lobe are marked in many places 
by a hummocky aspect of the surface with'' kettle holes" and 
ponds liberall:r interspersed. This is the place where the 
melting· g·lacier dumped its load of rock debris, which had been 
gathered during its journey from the far north and is techni
cally known as the terminal moraine. In Marshall county 

Fro. 33. :rypical Wisconsin drltt topography showing shallow "kettle-boles " Between 
State ueoter and St. Anthony. 

the terminal moraine is but feebly developed. West of State 
Center is the nearest approach to a moraine in the region. 
Althoug·h distinctively morainic characters are but mildly 
expressed, the decided chang·e in general surface con:fig·ura
tion in passing from the older to the newer drift, facilitates 
the easy establishment of the boundary of the Wisconsin lobe. 

GLACIAL SCORINGS 

The salient portions of the Kinderhook at Le Grand and 
T imber Creek, and the coal measure sandstone on section 8, 
T p. 83 N. , R . XVIII W., have been deeply planed and striated 
by the great ice sheets which traversed these regions. The 

• 

• 
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surface in all cases faces north, and all of the points are sit
uated on the south bank of the Iowa river and the tributaries 
mentioned. o examples of rock scoring could be found on 
the opposite side of the flood plain. This ma3r be considered 
additional evidence as to the preglacial character of the prin
cipal waterways. The northern slopes are protected by an 
accuml1lation of talus, while the southern flanks have been 
scraped clean of the rock debris and profoundly· planed owing 
to a change in the gradient. The scorings antl finer strire 
were hermetically sealed by a layer of impervious blue clay 
and their state of preservation approaches perfection. At 
Le Grand the strire trend south, 24 east; at Timber Creek they 
trend south, 25 east; at Sec. 8, Tp. 83 t ., R . X\rIIIW., south, 

20--> east. 
ALLU\'IUl\1. 

The alluvium is an important deposit in 1arshall county. 
All of the principal streams on the older drift sheets flow 
through alluvial bottoms, while the Iowa river traverses a 
belt of this deposit which averages more than a mile in width. 
Most of the deposits which are mapped as alluvium are not 
wholly riverlaid material, but rather a mixture of loess and 
fluviatile deposits. Many· of the streams have been alluvium 
making· since the retreat of the Kansan ice. .... ortheast of 
1'1arshalltown on the broad bottomland of the Iowa, the finer 
debris bas been removed in large part and extensive sand 

flats result. 
Geological S tructure. 

The Kinderhook beds constitute a conformable series but 
are overlain unconformably by· the Des 11oines series. After 
the deposition of the Lower Carboniferous rocks, the g·eneral 
upward movement of the continent brought the whole of 

-Marshall county above the level of the g·reat 1editerranean 
sea to the southwest. Then followed an extended interval 
of denudation. The youthful surface was set upon by the 
erosive agents and dissected b3r streams until the physi
ography of the region was as strongly characterized as is the 

- , 
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1n·es0nt configul'ation. 'l1his "·as fol
lo,ve<l by a season of depression until 

the vall<->ys ,vere '->Ubmergecl, arvl finall}· 
pe1·haps, the ,,·hole surfac • of the 
c.:ount., ,, a'::, n •ar or belo,v sea le,·el and 

• 

rc<'eiv(•cl contributions of sands, silt:-, 

an<l c-la~·s, " 'ith some Yeg·etab]e debris, 
,vhich ,vere lain c.low11 unconformably 
upon the ol<ler rocks. 'l'he deposit · 
,vere eompac·ted into san(lstones, shales 

and eoa] sea1ns, and constitute the coal 
1neasure series. The irregularit)· of 
the outline of the present (\1rbonifer
ous c.leposi is is due to the irregularities 
of the prelixh-rling· surfac-e. 'l1 hi ' period 

of clcpo::-.i tion ,vas closed by reelevation 
the surfat:e ,vhieh ,vas profoundly·eroclec.l 

through an in1mensc interYal of time; 
through, perhaps, the ,vhole 11esozoic 
ancl the gr "ater portion of the Cenozoic 

f'ras. 'J'hc J>lcistocene deposits lie 
unc·onfol'n1abl_\· upon all of the I)aleo
zoi · roek:-, and each drift, sheet. r ests 

uncon formahl.,· upon it ' predecessor . 
. \lihough the surfaee ma)· haYe oscil
lated up ancl do,vn many times, the 
n1<1vpm nt ,vas eontin ,utal and the 
sira ta arc (•onsequently apprnxiu1aiely 
para 11 --1. 

ECON O MIC PROD U CT S. 

Building Stone. 

_\:s h:1 heen ::-.aid, the stratified rock~ 

h --long "holly tot he J>alco1.oic.· ra; and 
t hl' \ [ 1-..,--.i~::.ippian and l >enn:--.yl,·anian 

s •1·1 "':-, und rli"' about 'qual area!::> in th 
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county. The former consists es3entially of limestones. The 
principal outcrops where quarry operations have been carried 
on are in the vicinity of Quarry and Le Grand, along the Kin
derkook escarpment, and and on Timber creek. The Penn
sylvanian series consists chiefly of shales, and a dull red sand
stone 1s the only stone worthy of mention in this connec
tion. 

KINDERHOOK. 

The most valuable quarr:r products in the county are derived 
from the basal member of the Mississippian series. In the 
southeastern portion of the state there are extensive outcrops 
of rocks of Kinderhook age, which consist chiefly of shales. 
In central Iowa, and in Marshall county in particular, the 
Kinderhook beds take on a calcareous facies and afford some 
of the best building stone to be found in the state. These 
beds are the more valuable because of their availability. 
The principal outcrops are located near the main lines of the 
Chicago & Northwestern and Iowa Central railways. 'I'he 
overlying g·lacial deposits are comparatively thin and may be 
removed at a minimum expense. The principal layers sought 
are the oolite and mag·nesian limestone, but the entire series 
is utilized. · 

LE GRAND QUARRY COMPANY. 

The pioneer in the quarry industry, as well as the larg·est 
company operating in the county at the present time, is the 
Le Grand Quarry Co. with their central office in Mar
shalltown. The company owns and operates quarries at 
Quarry, Rockton and Timber Creek. 

Qua1·ry.-Thr-ee quarries are connected with the C. & N. -
W. Ry. by branch lines at this point. Active operations were 
begun as early as 1860, when a limited quantity of building 
stone and lime was produced. Two :rears later the railway 
tracks were extended into the quarries, and the compan;r has 
maintained a steady g·rowth since. The manufacture of lime 
was discontinued some years ag·o. 

• 



BUILDING STONES. 

The quarr:r plant is pro,-ided throughout with the most 
approved machinery. The equipment consists of steam 
cru l1er, gang· mill , steam drills, derriek::-., lathes and planers; 
and quarr3Ting and stone working· j carried on most expedi
ti.ousl:y and according to modern methods. The Le (;rand 
beds in their entirety ha\Te bee11 exploited to some extent, 
thoug·h the position of the blue sandstone renders it almost 
unavailable at pre -ent. ( ee Le Grand section.) The oolite 
and upper mag~esian limestone lay·ers afford the most \Talu
able products, although the chert beds and rubbl)T limestone, 
along with the debri consequent to quarry operations, are 
worked up into riprap, concrete, ballast, etc., and constitute 
an important source of revenue to the <:ompan)T· 

The chief building· stones put upon the market are known 
commercially· as oolite limestone, Io,va marble, Iowa caen 

• 

stone and blue lime tone. 
The basal blue sand -tone has not been suffit!iently explored 

and tested to such an extent as to allow its merits as a build
ing tone to be ~tated definitely. mall quantities of the 
stone have been removed from the east c1uarries, and c•ertain 
blocks are now being· teste<l as pa ,Ters in the streets of 11ar
shalltown with some promise of satisfactorj' results. 

There are two g·rades of oolitic limestones. The lo,ver 
la)Ter measures three and one-half feet in thickness and is 
coarse grained. The upper twelve feet is finer textured and 
consists of layers of the following thicknesses, respectively, 
from below upwards: 2-1, 26, 36, 6, 9, 8, 12 an<l 14 inches. 
The oolite is quarried only at the two east qt1arries, the clip 
of the beds and the slope of the river carrying the la:yers 
below the bed of the stream before the west quarry is reached. 
Formerly, the coarse, heavy basal layer wa::; used for con
structional purposes, but of recent years experience has 
demonstrated that it suffers disintegration when exposed 
for a season to atmospheric conditions. The fine-grained 
layers are close, even-textured and stand the test of time well. 
This is not only shown in artificial structures where the 
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blocks have maintained their angularity against sunshine and 
storm for upwards of a quarter of a century, but better still 
in the natural exposures where these layers stand out in bold 
relief. T he oulite is composed of small, rounded, concretion
ary calcareous grains imbedded in a semi-crystalline matrix 
of cementing material of the same composition. Man3r of the 
concretions contain small angular siliceous grains. The unal
tered rock is of a gray-blue color, while the weathered por
tion assumes a yellowish hue. Certain of the layers are 
highly fossiliferous and as the rock takes a high polish the 
beautiful effects are much enhanced, and this variety is known 
commercially as fossilite marble. Such slabs need to be col
lected with some care, for small grains of iron py·rites are 
often present and produce black stains when subject to 
moisture. 

The upper portion of the magnesian limestone furnishes 
both the Iowa ''marble" and the Iowa "caen stone," the 
former containing a hig·her percentage of :i\i1gC0

3
• The 

Iowa marble occurs in heavy beds from two to three and 
a half feet in thickness. The slightly weathered portions are 
plain, light buff in color, while the weathered layers are of a 
a deeper color and beautifully veined with iron oxide. The 
stone receives a high polish, but like other limestones does 
not retain it when exposed to atmospheric agencies. It is 
very desirable for panelling and all parts of inlaid work when 
kept dry, aside from its qualifications as a first class building 
stone. 

The caen s tone is similar in color to the marble, but is 
softer, more tenacious and of lower specific g·ravity. It is 
especially adapted for car vings and molding·. 

A ledg·e of blue limestone lies between the chert beds and 
the oolite and also immediatel3r above the chert beds. This 
limestone is very hard, compact and somewhat irreg·ularly· 
bedded, which renders quarr3ring· and working rather difficult. 
The stone is used to some extent as a coursing· stone and is 
very durable, but its untractable character renders its pro
duction expensive and it is mainly used as ballast. 

• 



TI:'.\fBEI{ CREE!{ QUAH Il1.'. 

,.l'hc hro,yu subcr 3·stalline limestone with its interstr atifie<l 
oolitic layers a1l'orcls some c-oursing stone ancl would be con 
sidered desirable for foun<lations in regions \vl1ere building 
::-;tone i:-. scarc.:e, but by· fa,r the greater quantit)T is transpor te<l 

to the crusher . 
/ lock/on. Ac.:tive quarry operations have not been carried 

on at this point for several )years. The be<ls worked t:om
prisC' the brown subcr 3ystalline limestone with 1.,he inter
hccldecl oolitic layers and the upper la3·ers of the magnesian 

limestone. 'l' 11 e 
<·harat:teristies of 
th0 heels exposed 
ht>rc are similar 
to their e<1n1va
lcnt:::, at <JuarrY . 

• 

,.l'he upper oolile 
i:-; p •rhap:-. hea,,,ier 
bedded and more 
important than at 
the la:::,t men tione<.l 

pht<·e. 
'J'i,n/J{ ,. r ·ret !·.-

<iua1·1·, Co. ha..., 
• 

heen d0Yeloping· 
rapidly th0ir quar
ry int 'rests at this . 
point (lurinµ; 1.,hl' 
past fe,v year~. .\ 
..... 1de track is laid 
111 1'1·0111 the Io,Ya 
('ent1·al rail,YaY 

• 

,tnd the plan L is 

"' -.11 "'quipped ,Yilh 
111<Hle1·n 111avhin

-
,,. 

r10 . ,IS The Ll' Grand beds a~ e:tpos,•d on Timber creek at the 
lowtl Uentra railway cro-,slng. The ,ectlon Is, lo p1lrt, 
a Ion~ tht• line ot l natural tlssure and lllu~trates the differ• 
, •n tlal \\eo.thortoi: ot the hods. 1. Bluo llme,ton1·: 3, upper 
ol)llte: J, bro,, o llod i;tray "ubcry ... trdllne llmest-0ne. 

l'l'y. 1'h ... bed~ op --ra tPd are the ~ame a· those at <iua.rry from 
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the mag·nesian limestone upwards. As has been mentioned, 
the mag·nesian limestone differs in color from its homolog·ue 
at Quarry and Rockton. 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 unal
tered Le Grand beds is a g·ray-blue, which is chang·ed to tones 
of buff and yellow through weathering ag·encies. Here, as in 

I < 

' 

F10. 86. Obaracterlstic fractures o! Le Grand building stone. Upper row, otH1te; lower row, 
magneslao limestone. 

other places, the mag·nesian layers succumb less readily to 
disintegrating forces than the associated beds. 

The upper oolite and brown subcrystalline limestone are of 
more importance here than at the exposures along· the Iowa 

• river. 
The Le Grand Quarry Co. employ on an averag·e 200 men 

during the working season, and the daily output is about 
a train load. 
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TESTS OF THE LE GRAND STONE. ,'f 

The principal varieties of the Le Grand stone were sub
jected 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. 

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 analysis to determine the relative amounts of 
desirable and deleterious constituents present. 

In previous investigations on building stones, rectangular 
blocks of various sizes and shapes have been employed. The 
consensus of opinion of the highest authorities on the subject 
at the present time favor the two-inch cube as possessing the 
most convenient dimensions and giving the most satisfactory 
results. In the present investigation the two-inch cube was 
adopted. Great care was exercised in their preparation in order 
to guard against the production of incipient.fractures through 
the impact of tools, and thereby lessening the strength. The 
blocks were sawed out approximately with the diamond saw, 
and then reduced to the proper dimensions by grinding. The 
results are tabulated in the subjoined tables. 

* The mechanical tests were made lo large pa.rt by Messrs. G. W. Zorn and J. W. ElUott 
under the persona.I supervision o! Pro!. A. Marston, to the Dept. o! Oiv11 Engineering of the 
Iowa. Agricultural College. The chemical analyses were made tor the survey by Prof. G. E, 
Patrick. 

21 G. Rep. 
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TABLE I. 
MECHANICAL* TESTS. 

~ BREAKING LOAD PER 
0 LOAD IN LBS. SQUARE INCH . 

Q) 
..... 
~ ,D 

::s (I) I 
I 

0 s (I) 
(I) 

.KIND OF STONE. . .... ,D ,0 REMARKS. - -,;:; 0 b.o b.o 
..:, (I) Cl • (I) 

:§a 
(I) 

..d 0 :.:::c 
,.. ,.. 

b.o ~ <'6 ::s ::s 
..... - (I) 

...... ci3 ...... ...... ell :-;:l 
(I) 

,.. c,3 b.o ..... <'6 b.o 
:::, ,.. p. ell i:i. ca 

P:1 rn < en l'.a:4 r;n l'.a:4 

-
tOolite, fine grained, northeast quarry_ 2.03 1.98xl.99 3.94 ---- ---- 46,680 .. ---- 11,600 Failure accomp'n'd by much shattering. 

4 do heavy bedded ___ _____ ______ __ _ 2 02 2.00x2.00 4.00 47,500 53,800 11,875 13,460 do 

5 do " " ---------- ------- 1.97 2.00xl.98 3.96 54,000 59,300 13,636 14,900 do 

6 do thinly bedded __ ________ ____ __ 1.96 1.96xl 96 3 84 39,400 39,400 10,260 10,260 do 

22 Oolite, light, southeast quarry _______ 2.06 2.00x2 04 4.08 42,000 52,000 10,280 12,740 do 

23 do------------- - ------------------· 1.97 2.00x2.00 4.00 67,"00 67,000 14,250 14,250 do 

43 do heavy bedded . _____ - _________ _ 2.00 2 00x2.00 4.00 38,000 53,1)()0 9,500 13,250 do 

tiowa marble, plain, west quarry ______ 1.98 1.98xl.97 3.90 47,120 12,080 
All samples of the Iowa marble broke in 

-------- -------· such a way as to show much elast icity. 

16 do------------- -------------------- 2.00 2.02x2.04 4 12 60,600 63,300 14,686 16,120 
tiowa marble, colored __ __ ____ ______ _ 2.00 2.02x2.0l 4.06 -------- 37,060 -------- 9,128 . 

27 Blue limestone, northeast quarry ____ 2 00 2.02x2.02 4.08 ------ -- ·------- -------- -------- 63,000 I bs. applied, no effect. 

24 do------ - ---- ---------------------- 1.99 2 00x2.02 4.04 -------- ·----- -- ·------· ·------· 63,000 lbs. applied, no effect. 

11 Fossiliferous limestone, northeast qr. 2.00 2 00x2.00 4.00 42,000 -------· 10,600 -------- Sustained 65,800 lbs. without further 
rupture. 

12 do--------------------------------· 2.00 2.00x2.00 4 00 63,300 ·------- 1,582 - - - - - -- . Beyond capacity of machine to crush. 

15 do ___ _______ ______ southeast quarry 1.99 2.00x2 00 4.00 43,700 ·------- 10,925 _ _ __ _ _ _ _ Susta~ned 65,800 lbs. without further 

26 do----- -------------------- -------- 2 00 2.00x2.02 4.04 68,300 66,400 
rup ure. 

14,430 16,435 
28 do ________________ west quarry __ ___ 1.97 2.00xl.98 3.96 38,700 38,700 9,773 9,773 
33 Blue limestone, Timber Creek _______ 1.98 I.98x2.00 3.96 28,000 34,500 7,070 8,712 
34 do-------- ------ -------- ------ ----· 2.00 1.98x2.00 3.96 29,000 33,200 7,320 8,383 

• An Olsl'n testing machine was used in making these tests. The specimens were placed between two steel plates, the upper being fixed, while the lower was 
free to oscillate in a hemispherical protuberance, :,Yhicb fitte9 accuratel y in a well lubricated socket, thus distributing the pressure equally when the parallelism of 
the cube faces was Imperfect. The load was a.Pphed at a u01form rate. 

+Tests made under the direction of Prof. G. W. Bissell, Dept. of Mechanical Enirineering, I. A. C. 
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TABLE II. 
.. 

FREEZING TESTS.* 

~ BREAKING LOAD PER .9 
.9 LOAD IN LBS. SQUARE INCH. ~ 

~ ~ -------------, ~ 
,J:J Q) I I bD 
:;j Q) Q) .... 

KIND OF STONE c.> .§ .J:J .D ~ ..3 REMARKS. 
• - ro ,...A 

S.: 0 b.o • b.o • d Q) 
Ql ~ G> i::l Ql d Q) .;:. CJ 

.J:J ~ft ~ ~ := d ~ ;3 d S , ft i., 
S ....., - ,.....;,:e ,.....; ,.....;,:e ,_ u•Q) 

• ..,. I-, Q) c,:!b,o • ..,. <:eb,o .,... Ulp. 
:;j Q) :;j s... p. ce p. ce o 

z 1---------------1 P:t oo ~ 00 ~ -
00
--:---~--1--H--1-------------

20 Oolite,fine grained, northeast quarry 2.06 2.00x2 08 4 16 65,700 56,400 13,390 13,558 0.0014 Loud report. 
21 do ________________________________ 2.08 2.00x2.08 4 16 26,000 _______ 6,250 14,280 0.0013 S~/ ~~;! ~&~~oo lbs. Very slight spall 

38 Oolite,finegrained,southeastquarry 1.99 1 97x2.00 394 50,000 60,000 12,690 15,230 ------- Loudreportandcubemuchshattered. 
44 do_. ____ ._. __ ... _____ .. ___ _____ ___ 2.00 2 OOxl. 96 3.92 34,000 65,700 8,673 14-,210 .. - - - - · do 
46 do ________________________________ 2 02 1 97x1 .97 3.88 60,000 56,600 12,890 14,560 . . .•. . . do 
19 Iowa marble, west quarry .... _. ___ . 1. 96 2 02x2.02 4 08 50,000 56,500 12,255 13,850 0. 0007 Broke with a loud report. 
17 do·--·-···----- -- - - --- - --- - - - - - --- j 1.92 2.00x2.00 4 00 42,600 52,700 10,650 13,175 0.0008 do 
18 do ___ ___ ___ ___ ____ ____ __ ____ ______ 2.00 2 04x2 02 4.12 38,000 51,700 9,225 12,550 0 0009 do 
14 Blue limestone, northeast quarry._ . 2 00 1. 98x 1 97 3 90 - - - - - . . - - - - • . . . - - - - - 15,360t - . - - - - . 59,400 I bs. applied without effect. 
a Fossiliferouslimestone, northeastqr. 2.00 2.00x2.02 4.08 ------ ------ -----·- 14,560t . . - --- · 59,4oolbs.appliedwithout effect . 
2 do ------------------- - - ------ - - - · 1.98 l .97x2.00 3.94 65,600 -- -- - · - 14,035 14,900t ------ - 59,400 lbs. susta ined. 

29 Fossiliferouslimestone,westquarry . 1.98 2.04x202 4 12 35,900 40,000 8,715 9,710 _______ Weakreport. 
30 do ____________ ___ _____ _______ ___ __ 1.97 1.99x l.96 3.91 30,500 35,000 7,800 8,950 _______ do 
32 Blue limestone, Timber Creek .. .... 2 00 2 04x2.0l 4 10 28,000 36,300 6,830 8,850 ------ · Slight report.; 46 do . _____ ___ ___ ___ ____ ___ ____ ___ __ 1.96 l.98xl 96 3 88 32,700 32,700 _______ 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, ~ ovided wi th wire bottoms. The trays after be ng securely _packed were placed in the refrigerator and 
kept at a temperature of from n° to 19° F. for forty-eight hours. Then they were removed from the refrigerator and subjected to a temperature of 70° F. for twenty-four 
hours. This process was repeated six times. The specimens were afterwards s ubjected to refrigerat ion and thawing ten times; but the conditions were less constant than 
in the first six. In the latter series the minimum temperatures ranged from 21° to 32° F . 

tThe a bove table shows that the blocks suffered no apprecia ble loss in weight or strength during the invest igat ion. It is highly probable that lower temperatures 
would have given very different results. 

; In spite of the apparen t weakness, low specific gravity and rather high percentage of absorption, the quarry face along natural fissures s hows this stone to be one 
of the most durable quarried in the county. (See figure ;3<>.) 
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TABLE III. 
ABSOH.PTION .A;--.D SP1'CI1''IC GR.\.\ IT\' TESTS. 

- - - - ..__ ------ -· --- - -
\YATER AUSORBED .AF'TER ~ 

LOSS OJ.' QC' ARRY .... 
J)l;\IERSIO!\ ,EXPRESSED .0 

~ _\TER THROUGH IN PERCE~TA<iES, 
:.,., ::, .... () 

DRYING \VT. I~ GS. 0\'ER DRY \\'EIGHTS. 
.... 
:,. M • 
d Q) T 

NA;\fE OF STONE - -- M o.,..O 
I °fl t:.r, -;.. . 'll M 

~ ..,c I ~ t. ,r., . 
' 

. T. M = .d .... 
~ M • M ::, ,a ..0 - ' 0 ::, ::, ::, ::, ::, 0 ..... b.c .... :::: 

l 
.d () I:] I - 0 0 0 

I 
0 0 .d Q) - .d .d .d .d .d --1' .., 

--1' ..;, 0.. 
~ 0 ..... ~ ..... c,:, Cl .... rn 

20 1 Oolite, fine grained, nortbt:a~t quarry .•••. ' 350901350.70 350.58 0 .. % 1.59 2.66 •) ~5 ., I 
QJ 1•i1 1T.1 21 do ____ . __________ ____ • ___ . _____________ . 348 H l :H ~- 79 34b ti:J 1.56 3 26 3.95 4.05 ::i,·.o ,D -J8 Oolitc, ::;outh quarry ________________ ____ __ 3:35 03 334.!-19 334.97 1.20 1.50 2 50 2.61 <IS-

•::> i.. r-
44 

do ____________ ___ _____ ____ ______ ________ 333 90 
33:t 79 333.63 0. i 1 1 8!) 2.11 2.20 ~~ 0 

46 
do __ __ __________________________________ 

326.90 :-326.30 325.63 1 60 J.96 2.55 2.64 < c-i co .... 
19 Iowa marble, west quarry ________________ 323. )0 :121. 70 3•)•) 47 2 33 3.02 3.60 3.87 2.54 153.2 ' It.I .... 

17 
do ______________________________________ 

:i09.40 309 00 308.01 1.81 2.43 3.31 3 57 -----· ------
)8 

do ___________________________________ ___ 
320 90 319.20 318.20 2.31 3.06 3.97 4.37

1 

___________ I 

)0 Blue limestone, northeast quarry_._._____ 348. 70 348.21 348.19 0.48 0.86 1.86 2.02 2. 77 173. 0 
3 Fossiliferou::; limestone, northeast quarry .. :344.00 :l43. 78 343.62 o. 72 1.01 1.72 l. 79 2.60 162.5 
2 

do ___________________ __ _________________ 353.86 
353 40 353.20 0.22 0 50 0. 70 0.77 1------ _____ _I 

30 Fossiliferous limestone, \,;est quarry ____ •. 311.00 310.90 310.87 0.06 0.84 1.65 l.79 , _____ -----· 
29 do ______ _____ ______ .____________________ 340. 91 340.46 340.38 0 22 0 84 1.64 t~~ 1°2~:lO 1-j44,o 32 Blue limestone, Timber Creck __________ __ l 320.76 320.36 320.00 2 03 3.01 3 17 
45 

do ___________________________________ ___ 285 74 
285.36 285.15 4.00 4.67 5.41 f>.65 ·------·------
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BlJILDING STONE. 

TABLE IV. 

CHEMICA.L A.X AL ·ysES OF LE GR.AND STONE. 

CONSTIT UENTS. 

Hygroscopic water (loss at 100° C. ) __ j 
Combined water (expelled by igni-1 

tion) _______ ..... -------------
Silica and insoluble ___ ______ __ _____ 

Carbonic acid, CO2 • - -- - • - - - -- • - --- -

Alumina, Al2 0 3 --- ------- --- ------

Iron, Fe2 0 3 ------------ ----- - -----
ron, Fe O __ . ____ .. ____ . _. _ - - - _ - .. - . I 

L ime, Ca O -- ------- - ------------- -Magnesia, Mg Q _______________ ___ __ 

• Ianganese oxide (Cale. as ~In O ) - . 
Phosphoric acid. ___________________ 
1 

Totals-----------------------

'O 
Cl> ,., -..... 
d 
;., C,) 
t1;::: 
O,o 
Cl O ..... , 

..::.. 

0.03 

0.13 I 0 .,., 
• I I 

-13.62 
0.05 

Xone 
0.09 

55.05 
0 28 

·------
... -------
100.02 

I s::I <l) <l) 

e <l) -..0 ta . ..... ;., - C) 
~ C':l 

c:; S.9 o i::: s::I 
::, .8 <"3 0 d~ 

~ ~ > -- r. I .... i:i.. 
0 0 

~ ,_. H 

-
0 09 0 06 0.04 

0.21 0.15 
I 

0.19 
0.96 1.2-1 0.80 

43.30 43.79 44.85 
O.Oi 0.18 0.14 

Xone 0.15 0.15 
0.27 0.09 0.19 

54.85 50.56 45.42 
0. 2 3.i0 8.21 
0.08 -- ---- - ------ -

----- -- Trace Trace 
-

100.11 I 99 92 99.99 

PROBABLE COMBINATIONS. 

Water ______ - __ - - ------. - -- - - ----- - 0.16 0.30 0.21 0.23 
Calcium carbonate, Ca Co3 ______ ___ 9 30 97.95 90 28 81.11 
~1agnesium carbonate, 11g Co3 _____ 0.59 0.38 7. 77 17.24 

0.95 1.37 1.71 142 

<l) -.a :.. r:i 
d ll a ;., 

0 ca-
:,. 0 
.... <J 
0 .... 
0 06 

I 

0.12 
0.89 

4-1.76 
0.15 
o.at 
0.10 

45.:l9 
8 28 

-------
--------
, 100.06 

0.18 
81.05 
17.39 

1.38 

251 

'O 
C,) <l) 

u:: § ...... ~ 
~ rr. 
cd (l) 

.., El 
~:.::i 
lf] 

0.04 

0.12 
1.22 

43.85 
0.1-1 
0.26 
0.09 

50.42 
3.96 

Trace 
------ -
100.10 

0.16 
90.04 
80 

l.72 Silica and silicates ______ - } 
Alumina, iron, oxide, etc. - - - - - - - -

100.00 I 100.O0 I 100.00 I 100.00 Totals. ---- -- ---- ---------- 100.00 100.00 

CORRICK QC ARRY . 

(TP. 84 N., R. X\TII W., SEC. 7, NW. QR. :Nw. ¼.) 

This quarr:r is operated intermittently to supply the local 
demand. The layers worked correspond to the upper oolite 
at Quarry and are only used for foundation ,vork and rough 
masonry· in the immediate vicinit}T· ome quarr:ring has been 
done on section 36, Tw. qr. , e. ¼, of the same township and 
range. About eight feet of rubbly limestone rests upon the 
upper oolitic la;yers. T he section her e exposed bears a very 
close similarity to the beds exposed at Rockton. 

The upper layers of the Le Grand beds have been worked to 
some extent at different times on South Timber creek near 
Ferguson, on Little Asher creek, Tp. 85 T., R. XVIII W., 
Sec. 24, and northwest of Liscomb on the Iowa river. In all 
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cases the stone was for local consumption, and then only for 
the roug·hest grades of masonry. 

SAINT LOUIS LI:rvfESTONE. 

CHAPIN QU A.RRY. 

James Spear operates a quarry on land owned by 0 . B . 
Chapin of Union. The stone produced is a close textured, 
ash-gray limestone, which exhibits a hackly fracture and con
tains small siliceous concretions, with little iron pyrites in 
streaks and patches. The quarry is operated only to supply 
the local demand, but the product is apparently a durable 
stone. 

DES MOINES. 

T he coal measures in Marshall consist chiefly of shales. A 
heaV}" bedded sandstone appears in Timber Creek township, 
and has been developed t o a limited extent. Quarries have 
been opened on sections 8 and 9, and a considerable quantity 
of stone suitable for the roughest grade of masonr3- has been 
quarried. T he sandstone is dark, reddish brown in color, and 
apparently durable. At present only the upper layers have 
been explored. The lower layers are more evenly bedded 
and give promise of a stone suitable for building and trimming . 

Clay Industries . 

The Paleozoic strata afford little material which is avail
able for the manufacture of clay products. The Hannibal 
shales of the Kinderhook are too deeply covered to be utilized 
in this region, while the argillaceous layers exposed at 
Marshalltown are of doubtful utility. The latter deposits 
were tested experimentally a few years ago. A sample of the 
yellow-gray a rgillaceous marl was made into brick. The 
color of the burned article was not very different from 
that of the raw material, and when subjected to the heat 
given brick for paving streets, no shr inking nor altering of 
shape was perceptible, and to all appearance there was an 
entire absence of fusion . On the other hand the pa·vers were 
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completely vitrified on certain of the faces. It was hoped 
that the experiment would pro·ve the manufactt1re of paving 
brick possible, but the burned article was left porous and too 
soft for such a purpose. The manufacture of superior fire 
brick is demonstrated as a possibilit)~, but the limited extent 
of the deposit renders its profitable utilization doubtful. The 
coal measure shales are almost wholl)T concealed by the glacial 
debris, and no deposits of economic importance are known 
within the confines of the county. 

In striking contrast to the limited suppl:r of raw material 
accessible in the Carboniferous series, the Pleistocene deposits 
are wholl)~ inexhaustible. As has been said the Pleistocene 
covers the entire county and at nearl)T every point in suc·h 
quantity and character as to enable a brick factory to be 
founded thereon. The material utilized at the present time 
belongs wholly to the loessial type. 

The loess of 11arshall county is ordinarily of the common 
variety. It has a maximum thickness of not less than twenty 
or twenty-five feet. Certain area are exceptionally sili
ceous, and when dry· appear as beds of loose sand. The clays 
are suitable for the manufacture of drain tile, for making 
common brick by any method, and for making stock and orna
mental brick b:r the dry-press method. T he products always 
have an excellent color and when properly burned their poros
ity is not so great as to be objectionable. At present clay 
manufactories are in operation at not less than six localities. 

11ARSHALLTOWN. 

An.son C'ornpany Brick <.fi Tile TV01·k8.- This is one of the 
largest plants of the county. It is situated in the southern 
part of the city, where operations were begun nearly :fifteen 
years ago. It has grown from a small hand yard to a factory 
with a large output of both common brick and drain tile. A 
Penfield, No. 15 D with the corrugated crusher, has been used 
for several seasons. The crusher is required only for the 
dry clay. Closed sheds are used for drying the product, and 

• 
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three large clamp kilns for burning. T his latter process 
takes up nearly two weeks. Common brick and tile from 3's 
to 8's constitute the output. Some loss is experienced 
through checking which takes place upon the evaporation of 
the uncombined water. 

ieg c.6 i.ze operate two yards, one about two and the other 
about one mile west of Marshalltown, near the Iowa Central 
track. The one on the south side began operation about 
forty years ago. The material at each :yard is typical loess in 
a bank from six to twenty-five feet deep; clayey in upper 
part but more arg·illaceous below. Certain sections of the 
the formation in the vicinity are too sandy for brick making 
purposes. At the south pit the fine sands and silts are beau
tifull:r interstratified. An Eagle soft-mud machine is in use at 
each plant. T he brick are dried on pallets in roofed sheds, 
and no checking· occurs if the proper mixture of materials is 
secured. Three clamp kilns with a total capacity of 200,000 
brick are employed for burning. This process takes up only 
eight days. I n addition to these two plants the firm has also 
a hand yard which is operated in case of an unusual demand. 

Tlie G. II. Koli J· brick and tile yard is just east of the city 
limits on the lowland. The raw material, consisting· of rather 
strong modified loess, is treated by a Brewer machine. The 
newly moulded ware is placed in a closed dry-shed, and little 
or no checking occurs. Only a sing·le clamp kiln is in use. 

1\1ELBOURNE. 

Tlie TVztlke Factory is located at the crossing· of the railroads. 
T here are seven feet of yellow, overl:ying one-third as much 
gray, short loess, while a two inch band of ochre separates 
the two colors. The total thickness of the formation is 
twelve feet, and under it is blue drift clay. The raw material 
is drawn up to and run throug·h the pug·-mill, then through 
an auger of the Decatur Leader manufacture and moulded b3r a 
machine of the same make. Closed sheds heated with exhaust 
steam enable dry·ing· of the product to be carried on quite 

-
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successfully. Three down-draft kilns serve to hold t he tile, 
and the brick are burned in cased kilns. The character 0£ 
both kinds of the output is very creditable. 

RHODES. 

A. IIarrnon now operates a brick plant for the production 
of brick and drain tile along· the rig·ht of way of the Chicago, 
Milwaukee & St. Paul railway. Loess to a depth of ten feet 
is taken and treated by a "Plymouth" machine. The lower 
portion of the section utilized is of a bluish color, followed by 
ocherous layers and :finally g·rading upward into typical loess. 
Fossils are abundant throughout, but loess concretions are 
absent, although limey patches may be observed near the 
base. The color of the well burned prod11ct is a cherry red. 
Considerable loss is sustained throug·h checking. The burn
ing capacity is limited to two small round kilns. 

BRO11LEY. 

Just south of the station at this point is the plant of the 
Bromley Brick and Tile works. An H. Brewer machine is in 
operation. The clay is run through the mill, afterwards 
placed in sheds tightly closed until the mud becomes "set;" 
otherwise much loss is occasioned through checking·. The 
kiln capacity is 43,000 three-inch tile. Burning can be accom
plished in four days. The loess comes from the top of the 
gradual slope about a half mile south of the railroad. At the 
bank the top soil is removed and the clay is used to a depth 
of six feet, below which it becames too sandy. Lower on the 
slope the character of the formation is decidedly different 
and is almost entirely sand. 

GILMAN. 

Tlie Gilman Brick ancl Tile lT'orks is a new plant situated in 
the extreme southeast corner of Marshall county and has a 
large territory adjacent to furnish a market for the products. 
The raw material is nothing· more than modified prairie loess 
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taken to a depth of several feet. It is strong and the mois
ture is freed with some difficulty, necessitating artificial heat. 
A two story shed has been erected, and before long the equip
ment of the plant will be quite adequate for a large business. 

Small plants have been operated intermittently in the 
vicinit)T of State Center and Quari]T· Hand made brick is the 
sole product. 

Lime . 

.t\bout a quarter of a centur3- ago lime-burning was carried 
on to a limited extent. The oolitic beds were chiefly used for 
this purpose and the manufactured product was of acceptable 
qualit;r. As transportation facilities improved, lime produced 
from the older P.aleozoic rocks sharpened the competition to 
such an extent that the manufacture of lime in 1larshall 
county was abandoned. 

B uilding Sand. 

The sand flats along the Iowa river between Iarshalltown 
and .t\..lbion, and the sand bars in the principal streams, fur
nish an inexhaustible supply of good building· sand. The sub
loessial ands are widely distributed over the county and often 
attain a considerable thickness. At larshalltown there are 
five to ten feet of siliceous material at the base of the loess. 
'l.1he southwestern half of the county is deeply· co,rered with 
loess and drift, but it is meagerly· supplied wit};i the more 
arenaceous deposits . 

. Jfoul{/ing san{l ·.-The sub-loessial layers afford an abun
dance of material suitable for moulder's use. 

Road Materials. 

()utliers of the Kinderhook in the eastern portion of the 
count;y furnish an abundance of road materials. The larg·er 
stream channels afford large quanties of sand and g·ravel suit
able for road work. In the western half of the count3- mater
ials for the improvement of the roads are almost entirely 
wanting. 
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Coal. 

Marshall is one of the marginal counties of the Iowa coal 
:field. The coal measures occupy one-half of the district, 
underlying t he western and southwestern portion especially. 
The coal pockets also doubtless occur in different parts of 
the area. The records from a number of wells in southwest
ern Vienna and northeastern T aylor townships record the 
presence of coal measure strata in that r egion which constitute 
the easternmost outlier of the Des Moines in the county. 
Four miles southwest of Marshalltown a coal measure sand
stone outcrops along the Chicag·o Great Western railway. In 
both of these localities coal in economic quantities is not known 
to be present. 

The principal locality where coal has been mined in Marshall 
county is on t he Iowa river at a place called Mormon Ridge, 
three miles northwest from Albion. (Tp. 88 N. , R. XI W. , 
Sec. 34, Sw. qr. Se. ¼ .) A shaft fifty feet deep was sunk a 
few years ago and was known as the Mormon Ridge mine. 
The coal was three feet in thickness. The sequence of layers 
is as follows: 

INCREB, 

6. Sand ______ ____ ______ ______ ___ ___ . 20 

5. Clay, light colored ______ ________ ___ 3 

4. Shale, dark colored, fissile ________ 2 
3. Coal ________ ____ ___ ____ ___ _________ 3 

2. Fire clay___________ ___ ___ _________ 4 
1. Sandstone, exposed. ___ __ ______ ____ 1 

F 10 . 37. Ooa.l at Mormon Ridge mine near Albion. 

At one time fourteen men were employed. The shaft was 
operated but a brief period for the reason that only three feet 
of shale intervened in the roof between the coal and a thick 
stratum of water-bearing· sand. The water gave so much 
trouble that the mine was abandoned after being operated 

• 
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about a year. Not more than 100 tons of coal were taken out. 
A few years later another company leased the propert:r and 
attempted to work the coal, but owing to the defective pumps 
made little progress. This mine has been abandoned. 

On the nor th side of Mormon Ridge, on the northwest quar
ter of the same section, James Hali-x• states that a limited 
amount of coal had been removed previous to his visit in 1857, 
although the shaft was abandoned at that time. Evidence of 
former prospect holes ma:r still be seen around the base of the 
hill, but no exact data concerning the coal measures could be 
obtained. 

In a drill hole put down one mile northwest of the Mormon 
shaft, on the farm of W. 0 . Ruddick (Tp. 85, N., R . XIX W., 
Sec. 28, Sw. qr., Sw. ¼), a bed of black shale with some coal 
was encountered at a depth of 118 feet. The seam was 
reported to be several feet in t hickness and immediately 
underlain by a thin layer of fire clay. 

Some years ag·o a shaft was sunk on the farm now owned 
by Americus Dakin on Minerva creek, five miles west of Ban
gor (Tp. 89, N., R. XX W., Sec. 9, Se. qr., Se. ¼). Coal was 
found here, but to what extent is not definit ely known. 

At the present time Marshall is not a coal producing county. 
Future prospecting will doubtless reveal isolated pockets of 
coal of economic importance, but with the data at hand, it is 
hardly reasonable to expect that coal will be produced in com
mercial quantities within the limits of the county. 

Soils. 

Ma.rshall is pre~minently an agricultural couRty and the 
soils greatly outrank in economic importance all of the other 
geolog·ical formations put together. The soils readily fall 
into four fair ly well defined types. T he drift, which is com
posed of glacial debris; the loess, composed of silt and very 
fine sand; the drift-loess, a combination of the first t wo, and 
the alluvium, an admixture of sand and silt in varying· pro
portions. The origin of the soil types has been discussed 

"Geology of Iowa., Vol. I, p. 269, 185S. 
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already under the various di,risions of the Pleistocene. The 
drift soil is coeA'iensive with the Wisconsin drift sheet. This 
soil contains a high percentag·e of cla}r an<l in man~v places the 
processes of agriculture are handicapped by the large number 
of small to medium sized bowlders. This type is hig·hly pro
ducti,re when well drained, but cold and heavy when not 
properly ventilated. 

The typical loess soil is confined to the immediate proximitJY 
of the larger drainage lines. This type prevails in Linn, Tim
ber Creek and western Le Grand townships. It is subject to 
excessive wash during rainy seasons, and, unless very san<lJ,., 
it bakes when drying. In producti,,.eness this soil t},.pe ranks 
lowest. 

T he drift-loess soil comprises by far the greatest area in 
nl arshall county. It is a happy combination of the soils and 
fine sands of the loess with the glacial debris of the Iowan 
and Kansan drift sheets. The drift-loe s is an open, porous 
soil allowing the easy penetration of the most delicate root
lets, yet firm enough to support the most Yigorous forage 
plants. It is easily tilled and is a conservator of moisture. 
It is to this ty·pe that ~Iarshall owes her prestige as an agri
cultural county. 

The alluvium flanks the principal streams, and when not too 
sandy it compares fa,,.orably in productiveness with the drift 
and drift-loess types. When unprotected by levees large 
tracts of these lands are subject to periodic inundations. 

W ater Supply . 

The larger water courses furnish an ample ,vater supply to 
the areas through which they flow. The smaller streams are 
usually dry through a considerable portion of the summer and 
autumn months. Shallow wells from 40 to 150 feet in depth 
have proved adec1uate for domestic purposes until the recent 
extended dry period, when it was found necessary, in many 
cases, to go deeper. At present most of the "stock wells,, 
draw their water supply from the g·lacial sands and g·ravels 
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near the base of the drift or from the sandy layers of the 
Kinderhook. The older water-bearing horizons of the Pale
ozoic have not been explored in the region, but the Saint 
Peter and Saint Croix sandstones may be reached at about 
1,300 and 1,800 feet, respectively. At Ames and Boone, the 
Saint P eter sandstone affords about 10,000 gallons per day, 
while the Saint Croix yields about 200,000 gallons. 

West of Rhodes, just out of the corporation, is an artesian 
well which yields about 2,000 gallons per hour. The water is 
slightly mineral and is not utilized at present, save as a way
side watering place. The well is about sixty feet in depth 
and appears to be wholly in the drift. · 

The Marshalltown water works draw water from the gravel 
beds of the Iowa river. The water :filters through the river 
sand and is collected into numerous galleries from which it is 
pumped. The supply is barely adequate for ordinary pur
poses, while in cases of fire the Iowa river must be drawn on. 
As several other large cities in the state obtain their water 
supply in much the same manner as outlined above, it is 
deemed :fitting to append some of the results obtained from a 
sanitary study of the water. It is a well known fact that the 
spread of contagious diseases is of ten contingent on the source 
of our potable waters and "sewage contamination" is an 
altogether too common a phrase in our board of health reports 
treating of epidemics. 

BACTERTALOGICAL STUDY OF THE MARSHALLTOWN WATER SUPPLY. 

Prof. L. H . Pammel kindly furnished the following a bstract 
of results. The work was done in a large part under his per
sonal supervision. 

Mr. G. L. Steelsmith* made an examination of the Mar
shalltown water supply during the summer and fall of 1896. 
Dr. Walter H. Haines, of Chicago, had previously made an 
examination, the results of which are as follows. 

Q]l)RllS PER C 0, 

No. 1. Across the river from water works ____ _____ ______ 25 
No. 2. Bunce well ----- - --- - -- - --- - -------- - - - --------- 190 
No 3. River ,vater ____ ______________ __ _____ __ ___ -----· 2,240 

-----* Mar shalltown Evening Times-Republican, April ZS, 1896. 
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The statement is here made that the maximum number 
according to Koch of Berlin, and the Franklands of London, 
is 100 germs per C. C. The maximum number has, however, 
sometimes been placed at 1,000, and some authors place the 
number at 3,000. An absolute fixed standard cannot be made, 
except that 1,000 germs per C. C. is more nearly the maximum 
in a large number of our river waters. The quanity of organ
isms is dependent upon the quantity of organic matter present. 
The important point in connection with a bacterialogical 
analysis is the quality rather than the quantity. A single 
organism of Bacillu-s coli -cornmunis or B. typh,i -abdominalis 
is sufficient t<1 indicate sewage contamination. 

Mr. Steelsmith's determinations are as follows. 

OJCBM.8 PER 0, C 

No. 1. June 7th, water from river above mill dam _____ 2,170 
No. 2. June 7th , water from hydrant, Dr Meghill's office-1,800 
No. 3. June 7th, water from pumping station _____ _____ l,200 
No. 4. June 7th,water from sixteen hydrants, average __ l ,900 
No. 5. Sept. 9th, water from six hydrants, averag e . ___ 2,040 

• 

So far as the number from streams is concerned, the above 
would not be considered excessive or necessarily injurious, 
since water taken from the Croton reservoir, New York, con
tained 5,000 to 15,000 germs per C. C. ; water from the Spree, 
which furnishes Berlin with water, contains , according to 
Frankel, 6,140 germs per C. C.; but this number increased to 
over 245,000 below the city. Water from the Mississippi at 
La Crosse, Wisconsin, during the spring months contained 
3,000 germs per C. C. In all streams there are extraordinary 
fluctuations so far as quantity is concerned. These fluctuations 
are due to the amount of soil carried from the surrounding 
country. The great number found in the Iowa river las t sum
mer must be associated with the frequent rains. Numerous 
investigators have shown that during the autumn and winter, 
germs are far less num erous than during the spring and sum
mer months, and yet t he former seasons are the periods of 
most frequent occurence of ty phoid fever. 

• 
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Of the germs found in the h:ydrant water of 1'.Iarshalltown, 
but one was regarded as suspicious. It agreed quite closely 
with the morphological and physiological characters given 
for Bacillus coli-com1nunis and proved to be pathog·enic for 
rabbits. The relation of this organism to sewag·e contamina
tion can no long·er be questioned, as this Bacillus is an inhab
itant of the human intestines and it is only natural that it 
should find its way to the river. 

The results of this investigation go to show that the water 
which has filtered through the river sands is safe and whole
some, but that the water drawn from the river direct may be 
at the peril of the public health. 

W ater P ow e r. 

The Iowa river furnishes an abundance of water power, the 
average gradient being about three feet per mile and the flow 
fairly constant. Flouring mills are jn active operation at 
Albion, Marshalltown and Le Grand respectively. .t\ head of 
six feet is obtained at Albjon and six and one-half feet at each 
of the other two localities. All of the mills can be run on full 
time and at full capacity save during· periods of very hig·h or 
very low water. From fifty to eighty horse power is avail
able at each point. The flow of water in the smaller streams 
is too small and inconstant to merit attention in this connec
tion. Mills of small capacity on Timber creek were formerly 
operated intermittently. None are active at the present time. 
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INTRODUCTION. 

1,fadison count:r lies in the south central part of Io"•a in 
the third tier of col1nties north of :i\lissouri. North of it is 
Dallas count}·, ,vhile to the east is Warren: to the south, 

larke an<l Union, and to the west, .Adair. In form it is an 
approximate square and includes sixteen c:ong·ressional town
ships: townsl1ips 7-!- 77 north and rang·e::; X~'"-\'I- XXIX ,vest. 
O,ving· to errors in the orig·iual sur,·e)· the area is onl:r 5u6. -1 
sq uare miles instead of the c11::;tomar3· 576. 

(}eolog·ic:-1113· the count)· is of e~pecial interest beca,use of 
the faet that the Bethan:r lilne::,tone, forming· the base of tl1e 
1Iissouria.n formation, extends across it. An opportunit:r i::, 
thus affor<led for a. stlHly· of the relations bet,veen the produc
tive and tl1e non-pl'Odl1c:tive portions of the coal measures. 
1Vinter:::;et, the point ,1t ,vl1ic:h the Bethan:r limestone was :first 
studied in detail in Iowa, is the count3• seat aud is• located 
near the center of tl1e county on the border bet,veen the 
11issou1·iau and Des 1Ioiues stag·es of the Carboniferous. 

111 the cour::,e of hjs work in Iowa White spent some time 
in 11a<li:::;ou county studying· particularl3r the limestone. 1-Iis 
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observations were published in part in 18687(• and more fully 
in 1870. t The position and thickness of the limestone were 
determined, and its most characteristic fossils were noted. 
It does not seem that previot1s to this the limestone itself had 
ever been studied; though the hig·her beds of the 11:issourian 
as exposed along· the }.fissouri river had been referred by 
Owen to the Sub-carboniferous, and by Geinitz, 1\Iarcou and 
others, in part to the same formation and in part to the Per
mian . 11ore recently there has been considerable discussion 
in reg·ard to the proper di vision of the coal measures and the 
correlation of the limestone found at Winterset with the 
Bethany limestone of 11:issouri and the Erie limestone of 
Kansas. For these reasons it has seemed desirable to make 
a detailed studJ' of the outcrops which were taken by· White as 
the type for the formation. It was hoped that data mig·ht be 
collected which would be of service in these broader correla
tions. 

The work was begun some 3~ears since and in a preliminar}~ 
paper+ a section was g·i ven connecting· the Winterset lime
stone with the Ford sandstone, the relations of which to the 
underlying strata had been determined by Keyes.~ In the 
report upon the coal deposits of the state II a few notes were 
also g·iven on the coal beds of the county·. 

In the present work the authors have had the assistance 
both in the :field and the office of Professor Calvin, and to 
him is due particularl:y the determination of the fossils. 
Notes on the building· stones of the county collected in 1894 
by Mr. Arthur C. Spencer ha,~e been freely used. While 
indebted to many people within the county for numerous acts 
of kindness, we are especially indebted to Mr. Paul Price, of 
Winterset, for assistance in collecting fossils. Acknowledg·
ments are also especially due to Mr. J. A. Wilkins, of the 

*First and Second Annual Reports ot State Geologist, pp. 70-78. Des Moines, 1868. 
+Geol. Iowa, vol. I , 2H-250, 305-316. Des Moines, 1870. 
+Tilton: Geological Section along Middle River in Oentra.l Iowa. Iowa Geol. Surv., vol. 

III, pp. 136-H6. 189r. 
§Bui. Geol. Soc., Am., vol. ICC, pp. 217-292. 1891. Also, Iowa Geo!. Burv., Tol. I , pp. 94,107; 

vol. II. 
II ow a Geol. Surv., vol. II, pp. 304-306. 1894. 

40 G. Rep. 
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s 1n1e city, for the excellent blue print from ~.vhi(:h the acc:om
pan~·ing· 1nap ,vas dra,Yn. 'l'he ,vork as orig·inall.'· planned 
\Ya::-. not to be ('01npleted until the fall of 1897 but it became 
nec:essar.'· to finish it muc:.11 ~ooner, and in the ah::-.enc:e of the 
senior author the ,vo1·l{ ,vas c:ompleted b~· his assoc·iate. To 
this e hang·e in plan ma:y be c..:ha1·g·ed any· minor omissions or 
Ltc:k: of detail ,vhic:h may be noted . 

• 

PHYSIOGRAPHY . 

TOPO(;RAPHY. 

:'!la<lison eount.'~ lie.., on the ea tern flank of the great cliYi<le 
bet\veen the ~lissi::-.sippi and tl1e ~lissouri. rl'be di,·i<le itself 
l'uns throu~rh ,\dail·. the next eount:r to the west. The area 
11nder clisc·u::-.~ion forn1s a portion of a 1nueh dissected upland 
plain, sloping· to the northeast about ten feet per mile. In 
the southeast the hig·h divides bet\Yeen the riYers rise from 
!l.>0 to H7,> 4\. 'J'. 1•:arlham, "\'Vinterset and Truro. all located 
on the upland and approxi111atel}· in line, are 1 .1 lG. l, 127 and 
1. 078 .A. '11. respecti·vel.'·· 8till further west, Stuart and Lori
mer. in a line parallel to that passing· th1·oug·h :v:arlham and 
\\'inter:::.et, are respe<:tiYel:r 1,216 ancl 1,2:~o abo,·e tide. Be~·ond 
thi-=, tl1e surfac:e maintains its slope to between 1,-l00 and 1,.500 
feet at .\dab·. 'l1l1i:s g·eneral plane, ,vhich the diYides touc:h, is 
very mucl1 <·ut b)· erosion. 4\t BeYing-ton, ~Iiddle river has cut 
do\Yn to s:-t3 .._\. T. .\t Lida, near the ea:::.t <·ounty line, Tortl1 

• 

1·i ver ha:::. rca(• lied 840 • \. T. • \ t . \ ftou .T unction, a short dis-
tance south of ~Iac.li:::.on eounty, Grand ri,·er has cut 210 feet 

• 
belo,v the upland, or to about 1,0-l0 4\. T. The:::.e three ri,·ers 
drain the g·reater portion of the eount.'·, and the depth to 
'" hicl1 they have cut has 111ade it pos:::,ible for their man.'T trib
utarif'::-. and minor feeders to <:ut to <;orresponding· leYels. 

rl1 he lancl for111s seen ,vitl1in the ('nunt;r are exclusi, el3· ero-
8ion for1n:::.. ':Phe later i<:e sheets did not extend i11to this area. 
and the length of tin1e sinl'.e the l{c1nsan drift ,Yas deposited 
l1as been so g·rcat as to allo,Y the strea1ns entirel.'· to destro:r 
any p(•c·uliar drift topog·raphy· ,vhic h tl1e c:ouuty may once ha.Ye 
bat1. 
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While tl1e topog·raphic forms have all been de\.,.eloped by 
erosion acting· on a probabl:r even plane, the differences in the 
character of the underl}'ing· rocks have been so g·reat as to 
produce two distinl't topog·raphic a1·eas. These correspond 
quite closel3' to the areas shown on the accompan3'ing· g·eolog·ic 
map as underlain respectiv·els· b3 ... the ~Iissourian and Des 
:Nioines formations. The former terrain, so far as this co1.u1ty 
is concerned, is made up principall3' of limestone. As will be 
seen later there are important shale beds present, but it is 
the limestone which controls the topog·raphy and g·i ves it its 
distinctiYe character. The Des 11oines terrain is as us1.1al 
made up mainl3.,. of ar~rillaceous and arenaceous shales, soft 

Fro 'i2. Yiew down Middle rl ver vallev frl)m a point about one mile east of Buffalo. The 
llme:,tone is in the hills on either !Jide. 

sandstones, thin coal seams and easil3.,. eroded beds. There 
are onl3' a few limestones, and those present are so thin as not 
to affect the topog·raph;y· to any marked extent. 

As will be seen b3r the map, North river and Middle river 
ha\·e cut through the i\tiissourian and exposed the Des 11oines 
mo1·e than half way across the count:y. The minor streams, 
Bulg·er, Cedar and Jones creeks, produced results of like char
acter, but of less extent. The valley· of Clanton creek is 
essentiall:r like the otl1ers in or1g·1n and character. These 
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Yalleys in the limestone countr)T are as mucl1 as 200 feet deep 
and in places a mile and a half to nearl:r tvro miles wide. They· 
haYe been eut b:r hea<l,vater erosion, and mainly by t1ndermin
ing· of the -various limestone ledg·es. If one travels toward the 
source of one of these strea,ms, or ':,Orne one of its tributaries, 
he will pass along a Hat bottomed, canyon-like ,·alle~·, llntil 
the point ,vhere the river crosse the limestone is reached. 
The different ledg·e of the latter are crossed b~T the strea1n in 
a series of abrupt fall , or rapids. .A bo,·e the latter the ri,·er 
beeomes a mere prairie stream, with a sl1allow valley haYing 
gentl~· sloping· si<les. In the case of the major streams the 
falls l1a,·e been aln1ost entirel:r cut a,,·ay so that the crossing· 
of the lime::,tone is marked onl~· b:r sl1allow rapids. rl,he 
shortness of the lateral tributaries below the prairie portion 
and before the strea1ns reach tl1e reg·ion where the)· are unin
fluenced b·r the limestone is worth,· of notice. 'ome of the 

• • 

sm~ 11 streams running· south from Winterset to ~Iiddle ri,·er 
mal{e the whole cles<.!ent of nearl,· 200 feet in a mile or le ' S . 

• 

,.l,he divides between the major streamways are c·haracter
istieally fiat topped. Over much of this central and western 
portion of the county the drift is usually· thin, and the streams 
o,·er tl1e t1pl;1nd portion ha,·e developed onl:r the faintest 
relief. 'rhe limestone has sharplJ· limited the amount of ero
sion that c-ould take place o,·er the upland. and while the tilne 
has been long so long indeed that tl1e ,,hole countr.r has 
bee11 in,·aded and reduced to slope b3· feeble streams of li.!.rht 
grade- the relief i~ so little that the predominant effect is one 
of flatness. ..:\s 011e looks off o,·er the col1utry he sees onl Y a • • 

broad eve11 plain, and the semblance of a plain is pre er,·ed up 
almost to the brink of the wide, trol1gh-shaped valle3·s whic.:h 
tell of the immense tillle tl1roug·h which the ri,rer have been 
ctt worl{. 

In the eastern portion of the count3· but little of the old 
plain is left. 'rhe impression ,Yhich a g·lance at the topog·ra
phy gives is rather one of hills and valleys. The main 
streams have a network of tributaries which reach out and 
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cut into almost every foot o f intervening· t erritor,y. The relief 
is usually· 120 to 160 feet, so that la rge areas of le\'el land a re 
rare. T he reg·ion east of Clanton creek forms a table land at 
about 1,050 to 1,07.5 ... .\.. T ., and has been but little invaded by 
streams. It is held up by· the t1nderlying· limestone. 

T hroughout most of the eastern region the action of 1.be 
streams has been unhinder ed. T he loess, drift and coal meas
ures have approximatel:r the same degree of hardness, and 

FIG. 73. View down the valley of Oedar creek in l.:nion township (section 22), showing bill 
slopes of the D~3 M.olaes Corm'l.tloa. 

the profiles form continuous curves. These are usuall} ... parab
oloid in character with the upper arm relatively· long and show
ing· a g·entler slope. T he lowel' portion of the c11rve is in most 
cases merged into a long· gentle concave cur, ... e, which in turn 
passes into the almost straight slope of the river bottom land. 
In some instances the lower concave portion is absent, and 
the parabola meets the flat surface of the bottom land quite 

\ 
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abruptl}·, as if there had been reeent filling in of the valle}· hy· 
material noL derived feom the sides. The ,·alleys are broad 

< 

anll ha, e ,vell de\·elopell tioocl plains. Tl1e stream:::. al'e not 
deepening· their channel:::,. and the major erosion in the county 
is in the western divh,ion. ...\t place..., along the ,·alleys there 
a1·e the u:::;ual slough::-., n1arking· the half-filled <:ut-offs left b3· 
the n1eanclering· ri,·cr. In g·cneral the streams flow along· the 
sol1thern sides of their ,·alle3·s, ,vhi<:b is according·ly steep as 
compared ,vitl1 the long-. g·entle slope to the north. 

TABLE OF ELE\ A'IIONS. 

The following· elevations of points within the county or near 
its border::; have been taken in part from ({annett's Dictionar.\· 
of ... \ltitu<le . an<l in part from the profiles of the various rail
,vay lines. 

STATION. 

C) 
~ 
;::! ..., .... ..., -< 

AUTHORITY. 

--1----
Barney---------------- --- -----------------· ______ _ 
Bevington- ·--- -------- ---------------------------· 
<'lanton creek, north of Jlanley --------- ------ ------· 
Clanton creek, west of Barney _______________________ _ 
Earl ham __________ - ____ ___ _________________ . ____ . __ _ 
Ua n ley ____________________________________________ _ 

Lorirner _____________ ------------·--·-·-·---·---· 
~Iiddle ri\'er at Patter:-:on __________________________ _ 
Peru (gast) ____ . _________ . ------ ------------ ____ ---· 
Stuart_-------------------·----------------·---·----
St. <'ha1·les ___________ ---· -------- ------------ _____ ·-
Truro. _____ . ____ . ____ . - . - -- - - - - - - -- - - . - - - - . -. -- . - -
Wintcr~et . _____________ _________ -·-·--· ----·----

1053 C. Gt. ,V-. 
19 C., R. I. .. \:. 1>. 
7 c. Gt. ,,·. 

1066 C. Gt. W. 
1116 C. , l{ I & P. 

.:> C Gt. \Y. 
1230 C.Gt \\'. 

54 l'., ll I. .. \: P. 
948 l'. Gt \Y. 

1~16 ( ' . H. I. & P. 
1066 I{ .. \: \Y. 
107 IZ . .._\:. \\·. 
11:!1 ( .. !{. I. .. \:. P. __________ .;. ________ _ 

DI{Al~AGE. 

'l1he major portion of the drainag·e of this ~ount3T finds its 
\Y,\Y throug·h the Des !\Ioines to the nlississippi riYer. ....\ 
smaller portion pas:::,es throug·h (;rand riYer south to the ~lis
souri and thenee to the 1Iississippi. The larg·er streams of 
the count3· are Xorth and ~lid<lle ri,·ers, and ('lanton creek. a 
tributar.r of ~Iiddle riYer, ,vhich joinl:- tl1e larg·er stream in 
,varren count)T· North of the orth river drainag·e ba in i a 
small area, ineluding· about ten sqtlare 1niles, which sends its 
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waters throug·h Bulg·er creek to the Raccoon ri,rer. South
east of Clanton creek and be:rond the Truro- "t. Charles 
upland, is the basin of South river, including· in this county· 
thirteen and five-tenths square miles. The (;.rand ri·ver basin 
lies jn the so1lthwestern portion of the count:r and incl1lcles 
twenty-eig·ht square miles. Of the remainder of the county 
North ri,Ter and its branches drain 2-16.5 and 11idclle river and 
Clanton creek 268.-! square miles. 

_... orth river, i\Iiddle river and Clanton creek orig·inate as 
prairie streams above the limestone and flowing down o·ver 

F10. 74. View across the valley of Clanton creek toward Hanley. 

the latter passes o,rer the Des 11oines formation in the broad 
valle:ys with gentl;y sloping· sides, already described. Bulg·er, 
Cedar and Jones creeks are essentiall:y similar. Grand river 
flows parallel to the edge of the limestones and, throug·ho1lt 
the count:r and for many miles after leaving· its borders, flo,vs 
over the drift. With the exception of Grand river the larger 
streams and many of the minor ones are flowing· g·enerally· in 
preglacial valle:ys. T he valley of 1:Iidclle river below the 
"Backbone·, (sections 16- 15, Lincoln township), North river, 
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C
1

edar creek, Steel es branch, .Jones creek, Clayton creek, 
Ha3- branch and 8outh river all have in their valleys undis
turbed drift and loes:::; which determine their preg·lacial ag·e. 
'I'he:r <lo not, however, al \Va3-:::, exactl.v follow the older courses. 
( 'lanto11 c-reek is in a preg·lacial valle:r from Hanle.Y to Bar
ne)-, but it ma:y be doubted whether its upper portion occ-u
pies the main part of the olcl channel. In sections 27 and 35 
of ,ralnut to,vnship there is a g·1·eat thicknes of drift which 
is st1g·g·esti·ve of a filled in valle)-. 

Iiddle ri,-er has had an interesting histor:y. T he present 
stream had its sot1rce in the southwestern portion of Guthrie 
count:r- In its upper course in Guthrie and ..:\ <lair counties it 
runs over the drift. In ~Jadison county· down to the localit.v 
known as the Devil's Backbone it runs generall:r on the drift, 
but occa:::,ionallv cuts into the limestone in such a manner as • 

to indicate a dl'ift-fillecl valle:r 01113- partiall}- cleared. From 
section 21 of Lincoln to\vn:::;hip a preglacial valle3-, now filled 
\vith I{ansan drift, extends in a ,,inding· southwesterl3· direc
tion from the mouth of 1',letc:ber bl'anch across section 31, 
thence crossing· ,vestward throug·h sections 3 and 10 of Grand 
l~ivel' to,vnsbip, l'unning· south of :;\Iacksburg· throug·h sec
tions l ,-;, 21 and ~o . ..,_ '1.1hi olcl ,·alle3· is comparable in size to 
tl1e present Yalle:r of :;\Jiclclle river and seems, in fact, to ha,-e 
been its forn1e1· exten:::,ion, or at lea:::, t the ,Talle3- of an important 
tributar:r. In preg·lacial ti111e::, ~Iiddle ri,Ter acc.:ording·ly· 
c.ll'ained an area to the southwest "'hich is no,v- served bv 
c:raud riYer. 

• 

Upland meanders a:::, defined b)T ~Iarbut+ are excellentl:r 
exhibited on ~Ii<ldle river. ~Phe he ·t example is the Devil's 
Backbone alread}r mentioned. The ri,Ter here makes a long· 
bend to the nortlr,vard and baek to 1vithin a fe,Y hundred feet 
of the starting· point. Both abo,-e and below this point the 
Yalle:r is ma,rked as usual by steep bluffs on the south and 
long·cr, g·entler slopes at the north. ...\..t the Backbone this is 
reversed. The outside of the broad crescentic c.:urve is 

~Tilton. Proc. Iowa, Acad. Sci., vol. I V, p .. 'il. H!li. 
t~Ihi OUl i Geo!. Su rv , vol. '-• p. 93. te!lll. 
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marke<l b)· abrupt roek)· bluffs. The tong·ue of land around 
which tl1e l'iver 1·un:::; :::.lopes gentl) to the north. It i::, com
posed entirel}· of rock, as i:'-) well ::,ho,vn hy the numerous 
exposure::,, ::,o that the appearan<.!e c·annot be due to filling· in. 
In all e::,::,ential pal'tic-ular::, 1t ag·rees ,vith the 1neanclP1's 
describe<.l b~· 1Ial'but and is similar to thP 1-Ceo::,auqua bend 

illu:::.trated b,· l;or<lon . . 
The mean{ler 111u::,t have bee11 de\·eloped i11 -~i/11, as ha::, been 

urged for ::,imilar meander::, in ~li~~ouri by \\'1nslo,Y. t I t 1s 

not to be interpreted as due to 1nheritan<.!e, as propose<l by 
Davi::,,t ::,in<:e tl1e t,vo ro<.!k)- sides ha,re suel1 markedl.v ine<1nal 
slopes: ::,lope ,vhieh in thi::, instance are the e:xac.:t rever<.;e of 
the normal ::,lope~ throug·hout tl1e rcg·ion. ...\ slig:ht ob::,truc
tion or inequality orig·inally thro,ving the -::,trcam to one side 
set in u1otion the l'hain of proc:e~::,es b:r wh1eh the 1·iv<>r ,vas 
thrown farther and farther to the north at the same time that it 
eut ::,tep by step into the li1nestone. I!)· eon~tant uudermining· 
the north ,vall was kept -=,teep. ,vhile b:v th("' <·onstant .... hifting· 
of the strean1 the <:,outh ,vaJl \\ U'.:> pl'PbCl'\·ed fro1n ~1milar 
action. It <.;een1s to ha, e been thi:::, action, uontinued for a long· 
time. ,vhich produced the broad eurve and the J{ackhone. 
('lanton (•reek. ,vhere it c.:ro::,~es the limestone between I~ar
ney anc.l J>eru, sho\v:s upland n1ea,nc.le1·~ quite as perfect els any 

on ~Iicldle river. 
The general character of the prcglal'ial surfal'e of the 

eounty ma)· be inferre<l from the present topog·ra,ph~·. 'l'he 
drift 1s throughout 1nost of the a1·ca rclati,·ely thin. ..\t many 
point::; it i':::i almost absent. 'l'l1e hig·h, Hat-topped divide::, and 
the broad, )·et canyon-like valley~. ,vere pre~ent then as no,v. 
The relief ,va:::; probabl:r so111e,vhat g·reater. and in part of tl1e 
count}· ma}' have been a~ much as :-300 fe0t. 'l'he eastern por
tion was tl1en marked by le:::.s abrllpt slopes, as it i':::i no,v, and 
the southwe':itern portion seems to have been l'llt to a g·eneral 
altitude somewhat lo,ve1· than that of th0 eastern eclg·e of the 

limestone. 
fowa C:.eol. Surv, vol. l\', plate \ · 1r. 1~~5. 

• -;clence vol. \:XII I. pp :n 32. lb!JJ. 
',c!euce, "ol XXLI pp. z;,; 27!1. 18~3 



;'502 

The tiJne when the ::-,trea1ns of the reg·ion orig·inated cannot 
be sharpl.r fixed. The youngest indurated rocks in the count3T 
belong· to the rviissourian. 'l1hP (tretaceous ma3T forme1·l}T 
have eovered a portion of thc- area, though there is no clire<·t 
e, idencc- on tt1e :::,uhjc,ct. . \bove the limestones of the :.\Iis
~ouria11 there are onl3· the residual cla3·s and the drift 
depo::-,its. .\s has been ::,een the l'eg·ion sho\vs eviclenc·e of a 
for111erplain into wl1ich the stream:::; ha,·e cut. It seems prob
able, ho,vever, that this plain could not ha,Te been a base 
level; at least, that it ,vas not a base level which hacl required 
a long· ti1ne for its development. There is some slight e~:i
dence in the thinning· of the various limestone member& of 
the 1Iissourian to\,Tard the northeast that the original shore 
line of the 1lissouriau seas passed through the count3· and 
that the shore deposits, ·ver:y little eroded, are still preser,Ted. 
If this be true, it follows that the countr3T stood relati,·el3· 
lo\\', or was, at least, preserved from g·reat erosion from the 
time ,vhen the limestone rose above the sea to the cutting of 
the present valleys. This h:rpothesis is to be received with 
caution since it controverts supposed chang·es in altitude 
adduced from study of the surrounding· counties, and is itself 
improbable in that it po:::,tulates a freedom from chang·e for a 

lonµ;el' period of time than has been u:::,ual in the earth's his
tor:r . 

• 

'\"rhenever the streams orig·inated, the)· ha,·e in the n1ain 
helcl their eot1rses ever since. 'rhe:r belong· to the resur
rected type characteristic- of the I(ansan clrift .. :,. ~Ian}.,. minor 
ehang·e:::, took place in the cour:se of the g·lacial period and 
in re<:ent time a considerable amount of cutting· has been 
done. The most st.riking· fac·t in relation to the drainag·e is 
its ag·e and uompletencss, and ,vhile the recoYer.r of a once 
<-'Ompletel.r drained ai·ea b).,. a series of rP:surrectecl streams 
\vould be relativel:r rapid, these facts can only be interpreted 
a~ indicative of a ver3.,. long· period of ti1ne since the ice left 
the reg·ion. 

•Rain: Iowa Geo! Surv., VI, 458 460. 1897. 



AB'->EXl'E OF l RI•:T .. \( EOUS. 

STR A T IGRAPH Y. 

General Relations of Strata. 

The strata exposed in ~Iadison c:ounty belong· to t,Yo g·roups 
widel3· :::,eparate<.1 in character, orig·in and ag·e. The uncler
l;ring indurated rot'k:s belong· to the Carhonifl~rollS: the o,·er
l3TJ.ng unconsolidated beds belon~: to the Pleistocene. J~et,veen 
the two i:::, a g·reat nneonformity indicati ,·e of a long tin1e 
inter, ... al. Possibl3· in the clrift-co,·ered :::,ot1th,Yestern portion 
of the area, outliers of the Cretaceous oeeur betwee11 the 
Carboniferol1:::, and the Plei:::,tocene. -X o sueh bed:::,, howe,·er, 
hav·e been seen in the field or reported from drill holes 
Fragments from the C.'retaceous conglomerate seen in Guthrie 
count)T oce;·ur commonl:Y in the drift of ~Iadison, but at pres
ent there is no sufficient eYi<lenee for belieYing· that the beds 
occur 1·11 situ within the li1nits of the count·r. }'rom the close 

~ 

of the Carboniferous, perhaps from the earl}· part of the 
1J pper Carboniferous, to the oncoming of tl1e g·reat g:laciers 
of the Pleistocene, 11adison county seems to ha,·e been the 
scene of erosion rather than deposition: and } ... et. as has been 
suggested, the amount of erosion accomplished in that inter
val, while great as compared ,vith that no,v being· earried on, 
is small as compared with the length of the ti1ne. 

The beds of the Carboniferous include rocks which make up 
two series of strata. The lower series is composed of sand
stones, shales, coal seams and a fe,,· thin limestones. It is 
the Des 11oines formation and incltHles the heel:::, which \Vhite 
referred to the middle and lower coal mea':>ures. The upper 
series is the ~Iissourian and is represented here by· the Beth
any limestone \Vith the intercalated shales. [t answers to 
the Upper C1oal ~Ieasures of White. J3oth the J)es 11oines anc.1 
the 11issourian belong to the l'pper ( 1arboniferous serjes 
defined b)· Branner as the Pen11sylvanian and c11rrentl3· known 
as the coal measures. 

The r~leistocene beds include the modern alluvium, the 
loess and the Kansan <l1·ift sheet. .\n earlier drift sheet is 
perha1)s present but bas not been differentiated. 

• 
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The taxonomic rank of the various formations 1s shown in 
the following· table. 

GROUP. 

('enozoic. 

Pal<>ozoic. 

SYSTJ<;l\I. SERIES. STAGE. 

-
. l{ecent. 

-
Pleistocene. Iowan. 

Glacial. 

Kansan. 

Missourian. 
Upper Carbon-

Carboniferous. iferous. 
(coal measures) 

Des ?lloines 

Geological F ormations. 

CARBONIFEROUS . 

08S ?IIOINES FOl{?llATION. 

SUB-STAGE. 

Alluvium . 

Loess. 

Drift. 

Bethany lime-
stone. 

• 

The strata referred to the Des 1Joines are the oldest beds 
ot1teropping· in tl1e c:ounty. The:r underlie the eastern por
tion of the count3· and are cut into b3· the river valleys. 
Onl.'· the upper portions of the Des 1Ioines formation outcrop 
within the eounty; the earlier beds of this stag·e lie belo,v the 
level of the ,·alle.'·~ of erosion. 'l'l1e lowe t beds known in the 
<..'Ounty a.re probabl3· :-350 feet above the Saint Loujs limestone, 
,vhich lies just beneath the produ<..'ti,·e coal measures. Sec
tions along· Rac:coon riYer b:r IZeye , and along· ~liddle river 
by· tbe senior author, indit·ate the eharacter of the lo,ver beds. 

The Des .11oines formatio11 is eharacteristically a complex 
of shales of man:r kinds, sandstones, <.:oal seams, and thin lime
stones. In its lower portion the1·e is a marked lack of per
sistenee of individual beds. The rapid and complete litho
log·ic changes which the strata underg·o have so far made 
it impossible to trace individual beds for any· g·reat distance. 
To a, certain extent this is true of the upper portion of the Des 
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:Wl oines formation as shown in Madison county, but in general 
the characteristics of individual beds persist over wide areas. 
In Guthrie and Dallas counties 11r. Leonard and the junior 
author recog·nize a well defined series which extencls under a 
portion of 1fadison county. Farther south, however, the char
acter of the formation chang·es somewhat so that it is onl}T pos
sible to make the most g·eneral correlations between the Del:) 
11oines beds of sol1theastern 1ladison and those farther north. 

The best exposl1res of the Des 11oines so far noted within 
the count}T ma}T be fol1nd in Sol1th township along· a stream 
running· down to Clanton creek not far from Hanle:r (sections 
35, 3-1 and 27). Starting· from the Frag·mental limestone, 
which is reg·ardecl as the base of the Bethany· and exposed 
not far from the Des ~loines & Kansas City· railroad, the fol-

lowing section is exposed. 
FEET. 

22 Shales, drab, argillaceous, ,vith abundant 
Derbya. crassa, Cbonet es, probably Cbo-
netes parvus Shum., at the top. _________ 12 

21. Shales. red. argillaeeous --- -----·-- ·------ 3 
20. Limestone. fragmental, earthy, with bits of 

fo~sil~-------- ___ __ ___________________ _ 

19. Shale, blue to green. argillaceous,"grading 

into red belo\V. ------------------- ---- 3 
18. Shales, blue to green, sandy, with nodulat· 

segregations of limestone _____ ---- -----· 12 

INCHES, 

li. Shales, blue, calcareous ______ ------------- 12 
16. Limestone. compact----------------------- 2 
15. Limestone, fragmental, loose. with young 

Conetes mtsoloba. . --- ---- -------------- 10 
14. Limestone, fragmental, but firmly cemented, 

reddish color. with Spirifer cameratus and 
Productus costatus ---------- ___ ------ 1 

13. Shales, green, argillaceous ____ ________ _ 29 

12. Limestone, blue to black, in t,vo ledges, with 
Spirifer ca.meratus, Rbynchonella and Pro-

ductus --· ------··---·---------------- 1 
11. Shale, carbonaceous . ____ - - .. - - - -- _ - _ - . - - -- - 2 
10. Shale, clayey, dra.b .------------------- --- . 1 

9. Shale, yello,v, sandy, \Vith marked horizontal 
beddiogplanes ___________ ------------- 4 

8. Shales, black to drab, carbonaceous _____ - __ 6 



FEEr. INCHES. 
i. Limestone, nodular, sanely, with Productus 

cora, Chonetes m(soloba and Athyris sub-
ti/1 ta . ____ ... ____ .•....• _ . __ • _ _ _ _ _ _ .... _ 1 4 

6. Shale, gray. sandy. ·-··-------··-····· . . 3 
5. Limestone, ~imilar to number 7··---····--·· 10 
4. Shale, clayey, drab to blue ....... ·--·--·-·- 10 

3. Shale, carbonaceous --·---·-··-···· . .. l 
2. Limc:stone, thin bedded, leaf-like in texture, 

with Productus muricatus, Chonetes mu;
oloba, Derbya crassa and Productus CfJS-

tatus -····-·············--····--···-···-
1. Clay.green-····-··· · ··-········--·----···· 3 

3 

The lower portion of this section. numbers I to 7, is seen 
best on the east side of C1 lanton CL'eek near Hanle3· (Tp. 75 N., 
R . XX"\71 W., Hee. 22), numbers I to 4 being· seen onl3T at this 
place. 

Belo,;v the limei:,tone ledg·es quarried north of St. Charles 
and belong·ing· to the Bethany limestone, beds corresponding to 
numbers 14-- 17 of the abo,-e section are exposed at the proper 
horizon. The limestone (nl1mbers 14- 16) ca1·l'ies ]>l'o(11u•tu:-1 

11u1r/cr1tu.-.: and frag·ments of fish teeth. 
8till farther norLh on the road leading· into St. Charles from 

the north (South to,vnship, section 11) the following· beds are 
exposed in a g·ull~-. The section starts 100 feet belo,v the 
upland. 

Hl. Shale, gray, clayey below, to micaceous 
FEl!.T. 

sandy above_·-···----···-----·····-·-·· 30 
18. Limestone, compact, earthy brown, "'ith 

Spirifer pla11o•co11vexus ("? and Spirifer 

cam•ratus ·---------·--·-···----·····-- 1 
17. Shale, gray, argillaceous ·-·-· · ·---- ·-----

INCH Ed. 

16. Shale. 0lack, carbonaceous ___ ..... ______ . 6 

15. l'oal, impure ____ ·--· __ -·--·-------··--··-- 5 
1-4. Shale, gray to buft, argillaceous ...... ··- 4 

13. Coal. impure ... ····----·······-· ······-· 3 
12. Shales, gray, argillaceous ___ ··-··--····-· _ 3 
11. Clay, yello"', ocherous, with Productus cora 4 
10. Limestone, impure, earthy, with l'roductus 

• 

muricatus ··---··· ····----····-· ··---· 6 
9. Shales, argillaceous, green below, red 

abo,e.-----·-····-·------····-- .... __ 3 
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FRET. INCHES. 

8. Limestone, dense, non-fossiliferou:,; _ _ _ _ _ _ _ _ 3 
7. Shales, gray to drab, clayey __________ ·---_ 1 
6. Shales, black, carbonaceous, \\ ith Produc-

tus muricatus _________ ·--------------- I 

5. Li1nestone, fragmental ------------- ------- •) 
-!. Shale, gray, clayey ___ . _______ . __ . __ . _ _ _ _ _ _ ~ 

3. Limestone, similar to number 5____________ I 6 
2. Shale. gray, clayey ________________________ 2 

]. Lilne,-,tone. eoft, yellow, earthy____________ \ 

This section may be correlated, though not closel;r, with the 
Hanle}T section. Xumber 18 in the prese11t section probabl)T 
represents nt1mbe1· 12 of that: numbers 1.3 and 11, numbers 13 
and 8; number::, 10 an<l. 7, nurnbers 8 anll .3; nt1mber!-> U and ~ 
and n1unbers 5 an<l. 2 ma)T be con:::iidered as equivalents. The 
comparison sho\YS ,Yell tl1e per::,istence and the ,Ta,riatio11 in 

the beds of this portion of the Des ~loines. 
8011th of Patter::,on the exposure along· a ra:,,.ine (Tp. 71i X., 

R . :XX\,.I W., ~ee;. :J~. X\,. qr., Se. l)yiel<ls tl1e follo,,ing·se<:-

tion: 

1-!. 
I 3. 
]~. 

11 
10. 
9. 
8. 
~ 

I • 

6. 
~ 

(). 

4. 
3. 
•) .... 

FEET. 

Shale black .. ----------~__________________ 2 

lTnexposed ____________ -------------------- 21 
Shale. blue, clayey a.boYe. gL·ay. ::.andy below 16 
Limestone, dense, drah, fossiliferous______ I 
:Shale, blue. clayey_ .. ____ ___________ ____ _ 3 

Sandstone. gray ______ ----- -------------·· 5 
Shale, clayey, hluc and gray. ______________ ~7 
Sandstone, gray, nodular __________________ 1 

Shale. :;andy, drab .. ------- ·-· ·----------· 27 
Limestone, arenaceous, gray. fossiliferous_ 9 

Shale, black.---·------ ... ---- -------- --- · 2 
Shale, gray, clayey (only partly exposed 1 _. 30 
Coal . _ _ _ . _. . - _ ... _ - _. ___ - ______ . _ _ _ _ _ _ 6 

1. Shale, red (only partly .exposed) ___________ 32 

The base of this section is on a level \vith 1iclc1le river. 
T he imperfe<;t exposure of some of the beds makes its cor
relation <l.iffict1lt, but it see1n:; probable that number 1 repre
sents number;:; I -1-lG of the I-Ianle.r section . 

.. -\side from these sections along· Clanton creek and its trib
utaries there are oc:cusional outc:rops of Des 1Ioines strata 
throug·hout the eastern portion of the county. 
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Torth of Tjleville is a section which will be discussed later. 
In Lee and .J e:fferson townships the strata are quite generally 
concealed beneath the drift. Tl1e:r seem to consi::;t largely of 
cla3·e:r and sandy· shale with some sandstone. ...\.bout four 
mile l:)OUth,vest of Boonville (Tp. 77 N., R. xx,--rrr w., 1ec. 
11 l a two-foot la3·er of sandstone appears in the hillside 1015 
feet below the upland. Sixt)· feet above it is a stratum of 
gra3· san<l:r limestone, about two feet thick and weathering 
into thin la:rers. Similar beds ma}· be seen farther down 
Badger creek in section 12 of J e:fferson and sections 20 and 
15 of Lee township8. The limestone is thoug·ht to be identical 
with that seen along· the Raccoon 1·i'-Ter and numbered 13 in 
the following section obtained b}· ~Ir. Leonard in Dallas 
count3· (Tp. 78 )J., R. X" \·Ir,, .... , Sec. 20

1 
w. qr., ~w. -¼;): 

FEET. INCHES. 

15. Drift·-------------------·---·------------- 6+ 
14. Sandstone, soft, gray, "'ith flakes of yellow 

mica ______ ·----------- -------- --- - ----
13. Shales. sandy. g1•ay _______________________ 15 

J 2. Lime,-tone, sandy. fo:;siliferous ________ . _ _ _ l 2 
11 Shales, carbonaceous, coaly belo,v _ _ _ _ _ _ _ _ _ 1 4 
10. Shales, gray_________ ____________ __________ 4 

V. Sandstone, heaYily bedded with Lepidoden-

drons ---------------------------------- 4 
Shale, sandy abo,•e ___________ ___________ __ 6 

7. Coal_______________________________________ 6 

6. Shales, clayey, Yariegated ______________ __ _ 20 
5. Shales, bituminous__________________ ______ 2 
4. Limestone, frag1nentary _ _ _ _ __ _ _ _ _ _ _ _ _ __ __ _ 5 
3. Shales, blue to gray ______ ______________ ___ 6 
2. Shales, carbonaceous __ ______________ ______ 2 
I. Shales, blue, clayey, exposed ______________ 5 

Number 7 of this section is <.!onsidered b.r :\Ir. Leonard to be 
the iarsball coal, and the Yariot1s members of the section 
have been recognized along· the Raccoon as far west as Guth
rie county. In 11adison count:r the lime tone and coal are 
present in Crawford township, sections 17 and 18, and are 
probably represented in some of the coal horizons noted along 
Clanton creek . The exact correlation, however, of the 

• 
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Dalla· <.:ount3T and the Clanton creek expo:::,urescannot be 1uacle 
out, and it is doubtful ,v-hetl1er the t"·o se<:Lion:::. are to be 
considered a~ equiYalent in other than a general ,va~·. 

The bec.1s found in ~Iaclison <.:ount, ,v-hil'h are refe1·t'ed to 
• 

the ~Iil:):::,ourian belong· entirelj· to the lo,ver 1nen1he1·. the 
B ethan)· lime:::,tone. 'l'hey afford an ahnn...,L l'<>Inplete section 
of that membe1-. e;e1·tain of the hig·he1· bPd:::; founcl on (}rand 
riYer in Union <:ounty alone being· lal'kinµ·. 'Phc l{ethan)·, a<:> 
-.een l1ere, in<:lutles fou1· boclie..., of lit11esto11(' sepa1·ate<l h.r 
!:>bale:::,. The complete !:>ection l!:> ,,·ell expo-:,ecl on ~Iidtlle 
r iv-er in Lincoln to,v-n:::.l1ip, and along· a raYinc in '-)('>(•tion :2·"> 
the following· se<:tion, ,vhich 111ay be taken a', typi,·al. \Yas. 

macle out. 

20. Limestone, yellow. earthy, in thin I tyc1•s. 
with Pusulina, .\ulopora and Productu; 

semirecicul&tus ·----------------· --··-- _ 4 
19. bale, drab to ~ellowish .--- ---··--·--·-- ·· 1 
1 . Alternating calcareous and shaly bands, 

yello19ii,;h, \\'ith D ·rb_va rrass9, Product us 
long spfr.us and Spinier p/ano·cor. vexus :J 

17. Da1k shale···-···----··-- · -------·-·-·-··· 2 
16 Ledge of compact limestone·· ---- - · · ···-- 1 
15. Dark blue shale, with many crushed indi· 

Yidualb of Product us /o ngispious .. _. ·--
14. Black, very carbonaceous shale _________ . ·- l 
13. Shale, argillaceous aboYe, becoming san<ly 

belo,v . ______ _ . _. ___ ____ .... _ ....... __ . _ 1 

12. Limestone, coarse, divided by i,;haly part· 

ing:s --·· ---··- ·····-·- · - - -·--··· --- · · · :3 
l 1 Shale, dark, in J art Yery carbonal'eou::i, 

with band crowded with Chonetes ver 
r eu•Ji,.nus and with occasional specimens 
of ,;;riirit1:r cameratus and Product us cora. 
I n places the C'honetes arc cc•1nented 
into a thin band of limestone·--·--·-- · _ 8 

JO. Blue limestone, very foi:-;siliferons, in three 

band::. separ ted b_y ::.bale .. --··----·- · - 3 
9. Shale, dark al:ove, lighter below_·······-· 2 

8. l\Jarly, yellowish t>hale ····-·-- -- ·-·· - ···· a 
41 G. R<'p. 

13 

Ii 

• 
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FE1t·r. INCH Es. 

7. 't"'ellowh,h, :soft lin1eRtone, "'hich hecome1:, 
harder below----- - ---- - · _____________ 5 

6. Thin layer::- of limestone ,vith shaly part-
1ng:s ___ . ______________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12 

5. Black !-late and shal<>.---- - - - - · ____________ 3 
'1 1· ellowish, earthy, ealcareou:s beds ::-bowing 

effect of irregular deposition __ . _ _ _ _ _ _ _ 4 

3. Limestone. w·itb thin alternating beds of 

1:,hale ______ --------------- - ---------- - 12 
2. Black shale _______ ______ ____________ .____ _ 3 
1. Band of lime:stone ________________________ _ 6 

At the mouth of the ra·vine and below number 1 of the 
above section is a sanely shale about fifteen feet thick shown 
i11 the lower portion of fig·ure 75. ...\ short distance up the 

Fro 75. Tbe Earlham limestone- and underlying beds as seen lo section 20 of Lincoln 
township. 

river, at tl1e locaJit)T known as the DeYil 's Backbone, beds 
equivalent to those enumerated are exposed. Below the 
shales just mentioned and forming· the ledg·es over which the 
,vater falls is the following·: 
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t'l:0:ET. l?\C'IIER. 

4. Lin1estone. thin bedded. weathering into nod-
ular fragments _____ . . _____________ . ____ 5 

3. Shale, parting ___ ---------------· ___________ a 
2. Lin1estone, similar to abo,·e · ----------------- 4 
1. Shale. blue to huff. to t·h·er _________________ 2 

In number 2 of thi':, set:tion ... lfh/Jl'i8 s11ldilitr1 oc<..'u1·::-;. being· 
small, rather smooth. and \vith a f eebl3T deYeloped fold and 
sinus. In num
ber -! the speci
mens of ... \.th,Tris 

• 

found are larg·er. 
In 11umber 2 . ~>i1 -

(fer ca,neratu ' 
J£eeke1la .st1·iato
r>o.~tata (small) and 
... lxophyllum r1tcle 

also occur. 
The limestone 

forming numbers 
2 and 4 of the 
section just g·i ven 
occurs at man:y 
points in 11ad ison 
and adjoining· 
c o u n t i e s. I t 
forms the lo\ver
most of the heav.r 
limestones which 
mark the base of 
the Missourian 

Fro 76. The Tunnel mill at the Devil.., BackbonA. Tbe main 
body of the limestone over tbe tunnel ls the Earlham. 
That o"er whicb the water falls at, the n1ill ls the Frag
menta.l. 

formation and is considered to be the basal member of the 
Bethan)T· From its general character it is called the Frag·
mental limestone. 

The first heavy limestone above the Frag·mental, number 3 
of the exposure in section 22, Lincoln township, is the equiva
lent of the beds quarried at Earlham, and henc-e 1nay be called 



-19 ,) _, GEOLOGY OF, ;1IADISON COUNTY. 

the Ec:11·lham limestone. ... umbers (j and 7 are ,vell exposed 
at Winterset, and have been extensively· c1uarried there, so that 
the term Winterse t, heretofore used loosely as the equivalent 
of Bethan:r, may he appropria,tel.v restri<:ted to this horizon . 
... umber 20 forms the base of a limestone 1nember attaining in 
the vicinit.r a Lhicknes~ of as much a~ twenty-fi,,e feet, and 
,vhich fron1 the abunc.lanee of Fusulina c:harac:terizino- it mav b . 

be c:alle<.1, fo1· the present at least, the F"'u::-,ulina limestone. 
The eha1·ac:teri~ti<:s of these indi vi<lual beds will be brought 
out in c.1iscu:-::.sing· the various exposures. 

The J◄'rag·mental li1nestone is not ,vell exposed iu the vicin
ity of the F~arlha1n quarries, thoug·h north of that plac:e on 
Bear c:reek, ~Ir. Leona.rd has found it ,vith the usual assem
blag·e of fossiJs. In (;uthrif' count}', just north of 'tuart, it is 
,vell developed. L\long a small slream emptying· into Deer 
l'l'Cek north of Htuart the basa.l portion of the Bethany is 
exposed. Tbe lowest rock seen is the Fra.g·rnental limestone, 
\Vhich is made up of irregular bits of limestone fille<l in with 
c-alcareous shale. 1\.t one point it can be pulled to pieces with 
the fing·ers. .\.t another it is hardened i11to massive l two feet) 
letlges. .~ total. thi<.:knes · of ten feet is seen. ,.rbe fossil 
found inclt1de the following: 

L">pbophyllum pro l1f~rum. 

Archreociclari::, i;p. ? 
Prc,duct us /ongespi c, u ... 

Or, bis pt cosi 
A tb5ri,, ~ubtilita 
Has tdia m ormoni. 
Spirifer /ioe tus 
Spirif..r cameratus. 

Bdlerophon, !'p ' 

Str,-pa.rollu~, sp. ' 

The fauna. is muc.:h like that, foun<l near St. l 1harles. 
The F t·ag·rnenta,l rock is seen south\vest of Winterset along· 

the ravine lea.ding· <.lo\vn to ~!itldlc rivet·, but the best expo:5-
t1res ,1re along· ('lanton ereek an<l around the e<lg·es of Lhe St. 
(.

1 harles-,.rrtu·o upland. .\.bout a half n1ile south of Pe1·u, on 
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the east side of the Chicag·o Great -v;,r es tern track, the Frag
mental rock in its normal facies of looseljT c·emented bjts of 
limestone is exposed twent:y-four feet above Cla,nton el'eek. 
It car ries abundant .~>ir,:ter linfa/11.• and . lthyris 8lfldilitr1 "vitl1 
frequent Jfu.~terlia 1nvr111011i. It is seen at several points in 
the vicinity, and a total thickness of ten feet is indi<.:ated. It 
is co·vered b,T fifteen to seventeen feet of o·ray shale over 

" ~ ... ' 
which is foun<l the Earlham limestone and the normal 
sequence. The rock is seen again just east of Peru in the 
banks of the creek and along· tributaries of the main stream, 
and has been opened up at several points east of Hanley·. ~.\t 
the point north of 'rruro (section 35, South to,vnship, ,1t whicl1 
the section of Des ~Ioines beds alreadjr g·iven is exposed), the 
Fragmental 1·ock is found cappjng- the Des 11oines. It is here 
two and one-half feet thick. and is not particularl)T frag·mental 
in character, but carries the following fauna: 

Productus costatus. 
Productus longispinus. 
.4.tbyris subtilita. 
Fl ustedia mormoni. 
Spirifer cameratus. 
Spirifer lioeatus 
Spiriferiaa kentuckensis. 
Rbyncboaells. ( Pugoax) uta. 
Diclaswa bovidens 
R~llerophoo. sp.? 
V. 

• . ;i . at1copus, sp .. 

~-\.t the quarries nortl1 of St. Charles the rot·k ~hows the 
~ame thickness in ledg·es of four to six incl1es. rrhe fossils 
found there are: 

l'roductus Jongispinus. 
Productus costatus . 
. 4tbyris subt,Jita. 
Hustedia mormoni. 
5pirifer cameratus 
Spirifr:r liaeatas 
Rynchonella (Pugnax) uts.. 
Bell.rophov, sp.? 

• 
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Naticopsis altonensis. 
Straparollus ca.tilloides. 
Strapb.rollus, sp.? 

The same bed is seen southeast of St. Charles (section 1, Ohio 
township), and on outh river (section 28). At each localit)· 
the usual assemblage of fossils, characterized by the g·reat 
abundance of small, smooth specimens of ~ ;pi,·,jer lineatu.s and 
.1:lthy1·i8 subtilita and the comparatively rare occurrence of Ac'pi
rtfer ca11,eratus and J>rolluctus <'o8tatu.-.:, was found. The fauna is 
one of the most characteristic, both in species, character, and 
relative abundance of forms found in the reg·ion, and make · 
an excellent g·ui<le for tracing the base of the 1-Iissourian. 

ear Truro and t . harles there are no good exposures of 
the hig·her limestone, thoug·b their presence is indicated. On 
~ 'outb riYer the exposures show the following· section. 

F£ Er. 

6. Limestone, thin bedded with Productus cora, 
and Athyris subtilita. (large)___ ______ ____ 2 

5. Unexposed _ - - _ - - - _ _ _ ____________________ . 6 

-1. Limestone, fragmental in part, with Spirifer 
Jioeatus, A.thyris subtilita (small} Ryncho-
nella uta, Hustedia mormoni, etc. ________ 3 

3. Shale, at·gillaceou:; drab to black _______ . _ _ _ 3 
:t lTnexposed _______ _ _ ·--- ------------- 10 
l. ~and:-;tone, yello\\, with ripple marks and 

heaYy cross-bedding ·----------------- 6 

INCHES. 

Ii 

Tumber o of this section probabl:y represents the Earlham. 
More limestone seems to be p1·esent in the hills, but is not 
exposed. 

'rhe l<jarlha1n lime:::.tone is best exposed in the quarrie:::. near 
the to,vn of tbat name. ....\.t the Robertson quarr.r, two milei:; 
east of Earlham. the following· section was noted: 

1''1::,8.T. INCHES. 

11. Bed of soft. yellowh,b, magnesian, ea,rthy 
limestone decompo:;ing: readily "'hen ex-
posed to \\eather ________ ----·--- -- 4 

10 Lirn€slone in three heaYj ledges at "'est 
end of q uat-r) . _ _ _ _ .. ____ . _ _ _ _ _ _ _ _ _ _ 4 

9. Buff shale with Chonetts verneuilianus ___ _ 
Limestone. like nun1hel' 4 ________________ 2 

4 
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FEET, 

7. P. shen shale ,vith very fe,v fragmenw of 
brachiopod shells ____ . ________________ _ 

6. Earthy limestone, decomposing readily, yel
lowish, carrying large individuals of 
Ath,rris subtilita ___________ ____________ _ 

5. Drab shale, with Productus lor.gispinus, P. 
costatus, crinoid stems and fragments of 
other fossils . __________________________ _ 

4 Quarry limestone, in thin layers, irregu-
larly bedded------------------ --------- 8 

3. Unexposed __________________________ ______ 20 

2. Sandstone, in heavy layers________________ 7 
1 Base of sandstone to creek, unexposed _____ 17 

515, 

INCHES, 

6 

3 

6 

At one point the q uarr;ymen had worked down in the bottom 
of the quarry and exposed, below number 4, drab and black 
shales to the depth of three feet, and below the shales a ledg·e 
of limestone six inches in thickness. 

Distributed throug·h the limestone beds number 4 are the 
following·: 

Lophophyllum proliferum 1'1cChesney. 
Stem segments and body plates of crinoids. 
Various species of Bryozoa. 
Meekt 1/a striatocosta ta Cox:. 
Productus punctatus 1'1artin 
P. costatus So,verby. 
P . longispinus Sowerby. 
P. cora D'Orbigny = P. pattenianus of authors. 
Atbyris (Seminula) subtilita Hall. 
Hustedia mormoni Ma1·cou. 
Spiri~r cam(ratus Morton. 
Spiriferina kentuckensis Shum. 
AJ/orisma subcuneatum :\I. & H. 

Olwnete.s l 1e1·neuilianu8 N. & P. is somewhat common in 
number 9 but is ver:y rare in the other members of the sec
tion. Spi1·ifer ra1neratu.-; and Prorluctus lonqisJJinu8 are most 
abundant near the base of number 4, while Productus costatus 
and A.tliyris subtilita are more common in the upper layer:::;. 
All the species enumerated, however, with the exception of 
Allorisma 81fvcuneat1l111, rang·e tbroug·h all the beds making· up 
number 4. 
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At the quarries south of Earlham in section 18, 1Iadison 
township, the beds from -! to 11 inclusiYe of the Robertson 
quarry section are exposed and are overlain b:r blue, drab and 
buff shales ejg·ht feet in thickness. rrb e beds here carry the 
same fauna as the e:orresponding· beds at tl1e Robertson 
quarry. 

North of Winterset Lhe beds making· up the sections seen in 
the quarries 11ear }Jarlham a1·e exposed alon g· Cedar creek in 
section ~5 of Doug·lass to,vnship. The beds rest on the black 
shale seen beneath number -! a t R obertson's quarr}·· The 
-entire sec:tion is as follo,Y:::.: 

F&ET. lNCHE:,. 
8. Limestone. in heav) ledges _________________ 4 

7. Shale, buff, \\'ith Yery abundant Chonetes 
verneulianus _____________ _____________ . _. 

6. Limestone. heav.v bed _____________________ _ 2 

5. Shale, blue. with a thin bed of reddish de-
composing limestone carrying large 
Atby ris subtilita _________ .. ______ ____ ___ _ 8 

4. L imestone, thin bedded quarry rock__ __ __ __ 8 
3. Shale, drab to black ____ ______________ ·----- 2 
2. Limestone, dense black ____ ________________ _ l 

1. Shale, dra,b --------------------·------ -- --· 4 

Equivalent beds may be seen at several points between 
Earlham and Winterset. .At the latter place the Earlham 

• 
rock-~is exposed near the old lime kiln southeast of town . 
..c\long· the ravine running· dov{n to 11iddle river the completed 
section is as f ollo,vs: 

FEET, lNCElES. 

26. Limestone, blue, Mcekella zone .... _______ _ 4 
25. Shale, drab to )ellovi' ______________________ 3 

24. Limestone. blue. three thin ledges sepa-
rated by shale, Cho11etes verneu/ianus 
very abundant __________ ·-------------- 1 

23. Shale, tlrab ______________________________ 1 3 

22. Limestone, blue ________________ . ________ . 4: 

21. Shale, drab, with , ery maoy specilnens of 
Derby a crassa in and just below the lime-
stone___ _____________ ________ 4 

20. Limestone, earthy magnesian: easily disin-
tegrating---- --------------·---· _____ 5 

19. Shale, drab .. ____ ______________ ______ ___ _ 4 

I 



} !::ET. 

1 Lime:.tOlll', n1ediu1n g-rained. l'0:1rsc hL•cldPd, 
quarry l'Ock ..... _ _ _ _ . . . . .. _ _ _... 12 

;-,hale. cluyf•y. drah ___ . _____ ... ____ _ 

111 Shale. black. -.latr ___________ ..•..•. ___ 1 
1,5. '-ihttle, clrah _________________________ 4 

14. 
13. 
12 

Lime::stone. soft, earth~ _____ _____ _ __ _ 

Litne:-tonl!. no luliu·, i1·rt>g-11lal'ly llP 1,1,• 1 
Shale, yellv\\ _______ .... ---------· ---· 

6 

-l 

11. Lime:-tone nodnlal' _________ ... _________ 4 

10. Lime:-tone, thin ht>tldetl with I' 11tlu ·tus 
cord, .\leekt"ll:l scr/ato:ostn•a .. \ thyris 
subtilita ______ ----·--· _____________ 10 

9. ..,hale. blue to drab . _ .. _ _ .. _ _ _ ... ___ . _ _ 1 

I:,. Cll e:s 

ij 

Shale. black, olaty .•. -----· _______ ------- l 13 
7. Litnestone. hlack, iiupurc . _ .. _. . . __ . _ .. _ Ii 
6 Shale, gruy, 1•layey tu sandy _____________ 1;, 

5. Lime:-ton 2, f1·111.pnen'nl -------------··· ____ 3 
4. l-ne x posed ... _ _ ... ____ .. _ _ _ .. __ ... _. Ii 
3 '-,ha.le, gray. ela}ey .... _____ _______ _____ 1 

2. l:nexposed -·---------------··-·· _______ 3 
l. Lin1estOUP, frag-n1ental ____ _______________ :1 

( >f tl1e a,bove ::.,ection nun1hel'~ 1 to ,> 111a Y be l'efe1·l'ed to the • 

l'ragrnental lime::.,tone. umhe1· 10 represent,::., the I•:•1l'lhan1. 
Xumber 18. ,Yhic:h ha:::, been quarril'c.1 at the ed~.re of to,,·n, the 

quarries being ,v<~:::,t of anll aho,·e the liinc kiln quarry. 1·epre

::.,ents the \Vinter~et. 1'here is a ::.,light dip to the ,,·est hPl'<· 

which i::, at fit•::,t de<·epti ,·e. 
'rhe J.~a,rlha n1 bed::, a1·c• -:,ppn south\\·t>:-.t of \\~tnLer-:;~--t helo\v 

th1 ... olcl Coul't Ilnu::,P c1ua1·r1<.•s ..., ·<·tion 1 :!, Lincoln to" n::::.hip) and 
ao-ain at the Ba,l.'kho11P. ,,·her<· the,· fol'm the hea,•y hpd of 

C • • 

1·ol.'k above the tunnel. .\t th1~ point th<.· 111e1nla•1· atla111 .... ,l 

thic·kness of t,Yenty-onP J"t,et. 'l'he thin ban<l of shale l.',11 r, -. . 
ina tho11,tf' · r1::1·11e,1/i1111,1.-. an<l the underlvin2· blaL'k slatl· and 

0 • " 

bla<·k lime::.,tone are exc;~llentl., d •velopl•tl. 'rhe h<•ds are also 

\:)een along· ( 1 lanton <·rePk. 
'I'he Winter::.,et li1ne::,lon<.> ha::., be<'n noted in <lesc1·i bing· the 

pl'e<'eding ::.,ec.-tions. It i...., hest <."xposed in and nt•,1,r \"\T1nl0r~et 
an<l along· 11icldle ri, e1· south\\ est of the c-ounty sPat. 'l'he 
be<ls above it and belo,v the I•'nsnlina liin "stonp a re of partic
ular interest bec·ause of tl1e ahuncla,nc.·e ancl perfeetion of the 
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contained fo:::; ils. ..\.long· the roadside in section 1 of Lincoln 
township (8\v. 'w.) larg·e collections were made not far from 
the olcl Court House quarries. The beds exposed are the 
equivalents of numbers 7, 8, 10 and 11 of the t:ypical section. 
The fossil-beariug· horizon is lin1itecl to number 10 and the 
asso<:iatecl bands of shale. T he commoner fossils, such a::i 
_l thyris .·u/Jt/1/tu, etc-., occur here i11 rare perfection, and asso
ciated \vith them are J(t;ali11a s11lH111rrrlrata , Ji yal/na kansa.'e11-
8is, ..Jlyalinct .,u1•a/lo11•/, _ I t•ir•11l0JJf:('/en ucr·irlentalis, J1rorl11,·/11., 

li'IG i1. The Earlha.m llme!>tone. with a. pn1 linn o r an old lime kilo, lo the southeasto10 
µt rtlon o C \Viol\ r~l't. 

lltb1·rt.\/r'(·11,'ii,'i auc.1 son1e otl1ers n<>t heretofol'e enumerated . 
.Just abo,·., ntn11ber 10 at the point ,vhe1·e the fos ' ils ,ver e col
lected, there arc ,veatheretl slabs sho,ving· g·rcat numbers of 
individual:::, of a Vl~r.r attenuated ,·n,riet)T of J•'11s11li11a r·11l111-
rl1 ic•<t. 'l'his sl0ntle1· for1n of }~usulina 1nay d ese1·, .. e ·to rank a::. 
a distinct ::-.pc<:ies. The horizon here is belo\Y that at whi t·h 
J,'11,u1l i11a ''!/li11(l1 /,·a attains its normal deY0lopn1ent. T he 
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length of the individuals u11der consideration is about the 
same as that of averag·e specimens from 11ontg·omery county 
and other localities where the normal condition prevails, but 
the diameter is less than ha1f that of average specimens in 
southwestern I owa. Farther west, i11 Nebraska ancl neig·h
boring states and at a slig·htl}"" hig·her bo1·izon, the form 
described as Fu81tlina centricosrt occurs. The forms at Winter
set constitute an interesting term in the series showing that 
this Carboniferous Foraminifer, after its introduction in the 
lower part of the lvlissourian stag·e, became progressively 
more and more robust until its disappearance in the so-called 
Fermo-Carboniferous of Nebraska and Kansas. The Fusulina 
limestone at the Backbone shows the following: 

FEhT 

3. Limestone. ,vith many Fusulina ____________________ 2 
2. Limestone, thin bedded ___________ - _____ __ 13 
1. Limestone, massive ledge Yery full of Fusulina. . _ . __ .. a 

At some points in the vicinit~y this member attains a thick
ness of twenty-five feet. The lo,ver ledge especiall:y seems 
to be very· constant in character, and the great abundance of 
the Fusulina here as compared with their number in the lower 
members of the Bethan}"" makes the bed easily recognized. 

As has already been sug·g·ested the upper portions of the 
Bethany are not exposed over the eastern portion of the 
county·. ...\.t Tileville tTp. 76 N .. R. XXVII W., Sec. 27, Ne. 
qr., Sw. ±-), in a ravine running· down to Cedar creel{, the 
lower portion of the Bethan}r is sbo,vn as given in the 
following· section. 

FEET. 

14. Limestone, sha.ly gray-------------------- 8 
1a. Unexposed_______________________________ 6 
12. Limestone, in thin layers__________________ 4 

11. Shale, clayey ___ ___ ----------------------· 5 
JO. Limeotone, blubh, dense __________________ 1 

9. Shale clayey, io places sandy ____________ 1 
8. Sandstone, calcareous . __ . _ _ _ _ _ _ __ . __ - _. _ 

7. Shale, clayey, dark blue .. ---· __ ---------- 2 
6. Coal ___ . ________ . ____ - . - . - . - ... - - . - .. _ . _ -

;:-. -..;bale, clayey_ ---------------- -- ---------- 3 
.J. Shale, red and yello,v --------------------- l 
:~. Shale, sandy, gray, with reddish lay er ____ . 24 
2. Sand:;tone, calcareous---------- ----------- 2 
J. Not exposed to Cedar creek ______ ______ ___ ;;, 

INCHES. 

2 

4 
3 
1 

6 
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rrhe limestones nu1nbers 12 and 10 probablJT represent the 
ha. e of the Bethan:r- The3· are not particularl:_r fossiliferous 
and the ,vhole section is slig·htl3· out of harmony with the 
~tratig·rapb_y of the neighborhood. The Jack of good expo1::,
ures for the pre~ent pre,·ents the tracing of the beds to their 
ec1ui ,·alents. 

PI.,EI8T(>('ENE DEP<JSI'I'~. 

()ver the limestone1::, of the ~Iissourian and the shales and 
1::>an<li:;tone of the Des ~Joines are the bowl<ler cla,·s. sands and 

• 

loess depo8its which mark the action of the PleistocPne gla
eiers. The most notable fa<·t ,vith referene;e to these beds, 
as c·ompared with the corresponding deposits of the neighbor
ing regions, is their exceptional thinness. There are reg·ions 
of thick Jrift, but tbe3· are unu1::,ual, particularl3· in the west
ern and no1-th,vestern portion of the count}·, where the thin
ne">s of the drift become~ striking. In some portions of the 
t·ount3T, as near "\Vinter1:::iet. and bet,veeu that point and Peru, 
the topog·raph:y is striking·l3· like that of a d1·iftless area. The 
same i true to a less extent of the reg·ion between ,,rinterset 
and Earlha1n. The le,·el divides, the c,1nyon-like valley , and 
the ab1::>ence of the long·, g·en tle slopes so con11non in the drift
(•oycred reg·ions, all reealL in their ~reneral aspect. the areas 
frou1 ,Yhic·h drift is absent. The frequent and abundant 
pre senee of residual elay:-, tc:.nds to heighten the delu ion. In 
the quarries at l•:a1·lham, and to an nln1ost equal extent at 
"\\Tintel'~et. bueh eh13· are quite co1nn1011. The red to reddish 
hro\\·n :::.tic•ky ela, \\'hich ha::; resulted f1·on1 the secular <lecay • • • 

of the li1nestone, is found penetrating· far down jnto the joint 
c-1·at·ks and 1·esting· upon t11e upper ::;1u·face of the rock:. \"\Then 
sha]e forn1s the upper men1ber of the roek eries, the resi<lual 
material is not so noticeable, thoug·h disinteg·rate(l shale, 
g·rading· on the one hand into t1rift. and on the other into the 
uncle<'omposccl and undisturbed material, ma)· l>e noted in the 
quarries of the I~a1·lba111 Land ('o. and at other points. The 
presence of the geest and undisturbed shale attest the feeble
ness of the glacial aetion. 'Phe iee crept in over the countr3·. 

• 
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,vith almost no scouring· effect. In <.'.Ontrast wit,h its behavior 
in some other portions of the countr:r it p1odl1ceJ here very· 
little erosio11. Its action ,vas rather that of depositiou. 

evertheless, i11 the deeper, sharp-,valled valleys ,vbich the 
g·laciers <.'.rossed, tbere seems Lo have been comparativel:r 
little drift deposited. Probably the relaliYe narrowness of 
the Yalleys, their abrupt ""alls, and their position approxi
matel:r at rig·bt ang·les to the n1ajor molion of the g·lac:ie1s, 
e:aused them to be filled )" ith co1nparati Yely stationary ic(', 
while the main ice stream pas::;ec.1 over their tops. 

The deposits "·ithin the county inc;Jude representatives of 
the Kansan drift, the loess and the alluvium. ,\,.bile tlle older 
Albe1-ta,n or Sub-~\ftonian ice sheet probabl)· crossed the 
count:r, the deposits left by it ha.Ye not so far been reeog·nizecl. 

ICANSAN DT{IFT. 

Tlle Kansan drift is quite generally dist1·ibuLed throug·l1out 
the count)' and is exposed along· most of tl1e streams. The 
lower part consists of a compa<:t blue clay with small water
worn and flattened pehbles scattered lhroug·h it. Whe1·e the 
ravines have been cut Jo,vn into thi:::; c·lay tl1cse pebbles have 
often worn pot-boles, giving· the othe1·,vise smooth and 
rounded exposures a pitted appearance. This lower clay is 
best seen in the soutbeaslc1·11 part of the c:otJnL;y, espee:ially 

southeast of Truro. 
Abov~ the blue clay is a yello,vish bL·o,vn laye1· usually t'vvo 

to four feet thick. In places it is much thicker. It seems to 
have been de1·iveLl from the blue clay, the change in color result
ing from the oxidation of the iron content. The e:la)~ contains 
numerous pebbles a,n<l bo,vlders. 'rl1c latter con:::;ist larg·ely 
of g·reenstone, g·ranite ancl re<l<lish <1uartzite, and lig·hter 
(1uartz rocks. These are J'oundec.l, smoothed anll often well 
striated. Sioux qua1·tzite is one of the most common rocks 
foun<l in the drift. ..1:\ bloc;Jc of tl1is mate1·ia,l is 1·epresentecl in 
figure 78. This bo\vlt1er is located a mile north of Patterson 
and measures te11 feet long·, six feet ,vide and five feet big·h, 
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as exposed. Such larg·e bowlders are uncommon, but are 
occasionally found in the stream ways. Bowlders ordinarily 
are not found on the upland. It is onl3T where the streams 
have cut throug·h the loess that they appear. 

Stratified sandy material is occasionally found in the drift. 
In g·eneral it seems to have resulted from the reworking of 
the drift itself, rather than to have been orig·inally deposited 
in its present form. Such beds are found near Barney (Wal
nut township, section 35) thirt:r-fi,Te feet thick. Near 11acks-

F10 7d. Surface bowlder one mile south of Patterson (l'p 76 N .. R XXV[ W., sec 20, Se. qr. 
Sw. t1) The rock ls red qna.r1 zit<>. 10 teet lonJ, 6 feet wide. and 5 feet above ground. It is 
said to extend 5 feet Into the ground. 

burg, on Grand river(Tp. 74 ., R. XXIXW., Sec. 28, .J.. w. qr., 
Nw. }) there is a thirty· foot expost1re of the same material. 

LOESS. 

The loess is the surface deposit throug·hout the count}r· It 
spreads over upland and extends down into the Yalleys. It is 
everywhere present except where it has been cut awa3r b:r 
recent erosion or buried beneath the alluvium. It is a light 
yellowish to buff, unstratified, pebbleless clay, which is hig·hly 

, 

' 
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siliceous. \Vhere it forms the surface the upper fe"· inches 
are blackene<l by the admixture of humus. Elsewhere the 

' 
buff color obtains. It fl'equently contains the calcareous con
cretions knO\Vn as loess-kintlchen. 

There are two phases of the loess in the c.:ounty. ,..rhe upper 
is the one just described. Below it is frequently a darke1· 
portion, more clayey·, less porous and, as e:ontrastec.l with the 
11pper

1 
unfosiliferous. So far as observed this lo,ver loess is 

cbaracteristicall:r free from lime nodules. In the north,Yest
ern portion of the count}· it forms the subsoil a,nd is in places 
troublesome because of its impervious cha,racter. The two 
phases ma:r be seen at the 1Iardis briek3·ard, a mile east of 
~Tinterset (Tp. 76 r. , R. XX\"'II V{ .. Nee. :12). and the line of 
!::,eparation seems to be prope1·l:\' <'Orrelated witl1 the old soil 
!::,een in the railwa:r cut at Chu1·chYille. A ::,imila1· cli,·ision of 
the loess into t,wo phases has bee11 observed in \Varren count}··* 
It is to be noted that the lower portion corresponds in charac
ter to the white cla:rs of Ohio as described b:r Leverett, and 
the two phases may not improbabl3· st,1ncl for a real and con
siderable difference in the ag·e of the deposits. 

ALLUVIU~l. 

.i\.lluvium is present along· most of the streams of the reg·iou, 
but is most pronounced along· the larger ones. It lies as a 
wash over the loess and drift which partiall)' fills the old val
leys, and in places attains a considerable thic-knes~. West of 
the Winterset escarpment it is not so <.'layey as east of that 
line. Its greatest development is in the broader \·alleys cut 
in the Des Moines shales a.n<l coal measures. ....\Jong· 11:iddle 
river, south and west of Winterset, there is a ,vell defined 
terrace rising· eighteen feet above the flood plain. This seems 
to be an older flood plain or terrace of agg·reg·ation. Traces 
of similar terraces are found along· certain of the other 
streams in the count:y. 

•Iowa Geo!. Surv., vol. V, pp 318-356. 1&96. 
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ECO N OMIC PRODUCTS. 

Building Stones . 

°:IIacJison count.,· is ,vell supplied \Vith stone suitable for 
Ya1·ious eonstrnc·tional purposes. 'rhe Bethany lhnestone 
inc.:ludes ne:1.1·1,· c,io·hty feet of stone u1ost of ,vhich is availa-. ,....., . , 

ble fol' one purp1>se 01· anothe1'. It is ~xposec.1 in the ra\· ines 
o,·cr 111uc·ii of the count)· and g·ooc.1 qun,r1·.,· sites abound. ~"-s a, 

rule but little ::-it1·ipping· is l'equi1·ed . 

.... \.s ,vill be seen £1·0111 the g·eneral s e<:lion alreac.1.r g·iven there 
are four 1n:1in bo(lies of li111estone. llesig·natec.1 respectively 
frun1 the base to the top: (a ) :B'1·ag·U1entaL (b) EarlhaUJ, (c ) 

\\rinterset quarr,y, (<.1 ) } usulina. ,.rhe g·ene1·al distribution of 

the~e beds has been al1·eady· noted. 'l1 heir varying· thickues:::; 
ma3· be learned f1·on1 the sections g·i,·en. In g·eneral it may 

he said th,1t they al'e tbic:ke1· to the south\vest . Son1e instances 
of their variation in this pa,1·tie;ula1· have been g·iveu. Eac:h 
of tbe fou1· 1ueu1 bers is c:a,pable of yielding· g·ood quarry· rock 
at son1e point in the <.·ount),., but not all are equally good at 
all points. 

'l'he Fragment al 1 oc-k is best seen, and is exposed in its 
g·reatest t.hi<.:kness, at tbe Ba,e;kbone 1nill, where it forms the 

lec.1g·e over \Ybich the "·ater falls. ~"-t this point about nine 
feet of the rocl{ is sho\vn \vith only one impo1·tant shale part

ing·. The rock seems fir111 ancl should yield la.rg·e blocks, but 
in ·viev, of its kno\vn e;harac.:ter elsPwhe1·e in the county it is 

to ue recei vecl \vith suspicion . In g·eneral the rock is ver3y 
loosely c:emeuted n,n<l bre.:1,lcs dO\Vll readily into small no<lular 
fra:,,r1ne n t:::;. 

• 
'l'he Ea1·lh .. 1n1 ledg·cs arc the n1ost quar1·ie<l. 'rhey yield a 

§2:ooc.1 g·l'acle of stone suitable for <liu1ension \Vork, 1·ubble an<l 
concrete. '\\,.hen qua1 ried, the E,1rlhan1 is usuall:y unpro
te<.:ted by ove1·lying· ledg·es :1nc.l heuc:e has been long· exposed 

to ,veathering·. ~"-s a result it is freer uently bacll)· broken up 
aucl creates a, less f,1,,.orable in1pression than the real merit:::; 
of the stone ,varrant. 
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The Winterset quarry beds include those worked near Win
terset and from which the stone used in the court house at 
that point was obtained. Their high quality is sufficiently 
attested by the excellent appearance of that building·. The 
rock here used was taken from the Bevington quarr:r (Tp. 75 
N., R. XXVIII W., Sec. 22), and certain of the la:yers tested 
at the Rock Island arsenal in 1881 showed a crushing· streng·th , 
of 4,588 pounds per square inch. The specific g·ravity of the 
rock was 2. 73 and the ratio of absorption . 0-12603. Stone 
from these beds rarely reaches the market at present, as the 
quarries have not been opened up except at Winterset and it 
requires a long haul over hilly roads to reach the railway· at 
this place. 

The Fusulina limestone is best exposed at the Backbone 
and seems capable of yielding excellent stone. L\.t this local
ity compact ledg·es two and one-half to three feet in thick
ness may be obtained. Farther southwest the member attains 
a thickness of twenty-five to thirty· feet. .t\.t Peru in the 
Reed quarry about fifteen feet are found. The stone here is 
thinner bedded than in the western outcrops. 

In the main the quarry industry is concentrated around three 
points, Earlham, Winterset and P eru. The first has the advan
tage of location on the main line of the Chicago, Rock I sland & 
Pacific railway, with a down grade haul of about thirty miles to 
Des Moines. As a result considerable quantities of stone, 
mainly crushed for concrete work, are marketed in the capital 
city. Winterset, on a branch line of the same road, is farther 
from market and suffers the disadvantage of less favorable 
freight rates. The quarries now open near this city are not so 
well located for connecting with the railway as at Earlham, 
but if the projected roa<l southwest from Winterset be built, 
many excellent quarry sites will become available, and a larg·e 
amount of stone can be placed on the market. At Peru and 
Barney the quarries are located near the Chicago Great West
ern but have no track facilities, so that a short wagon haul is 
necessary. The stone now quarried at Peru is so high in the 

42 G. Rep. 
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bluffs, seventy-four feet above the station, that a track to the 
quarries would not be practicable. The lower (Earlham) ledges 
occur not far above the level of the traek, but to open them 
up it wot1ld be necessary to work out the overlying ledges as 
well. This would require considerable stripping and the 
handling of all the shales between the ·various ledges. It is 
doubtful whether such work would pay, certainly not without 
ample capital and an extensi,"e plant. For the present onl}T 
the best ledg·es can be marketed, as the poorer stone will not 
,varrant the wagon haul and must be thrown on the dumps . 

... -\.t Barne}T the Great Western track is more than fifty feet 
hig·her than at Peru, and west of there it ascends to the top 
of the bluff. Abo11t two miles east of Barney the Winterset 
rock has been cut through b:r the road, and in the bank of C'lan
ton creek the Earlham layers are exposed. Quarries could be 
opened here ,vith the minimum of track expense and with 
ver:r little stripping·. While the rock exposed is not to an:r 
g·reat extent suitable for dimension stone it is excellentl:r 
adapted for concrete, and a considerable amount of rubble 
could be obtained. Some dimension rock is exposed, and it 
seems probable that the ,vinterset beds, which are mainly 
talus-coyered, would warrant opening·. 

EARLHAi\1 DISTRICT. 

Robert.-.;on quarry. - '\"\7 hen the state capitol was being· built 
at Des 11oines the limestone around Earlham was opened up 
at a number of points. The principal of these old quarries 
was located northeast of Earlham on Bear creek. 'l'he:r have 
long since been abandoned,:and ledg·es nearer the main line of 
the Chicag·o, Rock Island & Pacific railway are now worked. 
The rock as seen in some of the older working·s on the north 
side is shown in plate ix. The main quarr:ying· is now, how
ever, carried on on the south side. 

A section near the middle of the q11arr:r shows the following·: 
];'RE'!'. 

9. Stripping __ ---------------··--------------- 10 
8. Limestone, soft, disintegrated, with geest in 

the crevices _________________ ____________ 4 

INCAES. 
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7. Lin1P:-.tono. 1•0111pa1•t, 111a-.t,;h", bluish. _______ 1 
ti. Shult·, drah, l'nl<·ar .. ous ____________________ _ 

LimcstonP. cornpact. hlubb, in thin ledgc-... _ :l 
-L Shalr, hlubh. with , ••rv 1nan,· Cllonetes ,·er-. . 

neulinnus ____________________________ _ 

3. Lin1Pston,•, <'Otnpact, hlu1• _________________ _ •1 -~- ~ha!", hlne. 1•alcurt>ous _ ___ ________ __ ______ 1 

I. Lim,•stone. ashen, thick to thin layers __ ____ 10 

fl 

4 

1 

J~ut little <liincn~ion t'O('k is taken fron1 the quar1·y. :--.on1e 

of th<.' ..,tone> is used for foundation and l'etaining· "'alls, hut 

A portion oC tin Roborhon qu Lrry ,m-..t of Eirlh11m, ,-howlo~ a typical e:1:posure or 
F.arlh1Lm llmeiHono. 

ruost of it IS l'l'Ushed. rl'hC' -..tripping· is done b)r hand \Ter3· 
littl' bl,1-...tinu· i-... 11Cl'L'S'->Hl'\ tn lno'->Pll the 1·nc-k. 'l,he stone is ~ . 
haulPd tot h ~ vrusher 111 tran1 t:a1~ of about nnP (·t1h1C· vard 

• 

<·apal'i t .v. and hot-...tPd and dun1pPd h)· tail rope. 1~hc plant 
i1H·ludcs a fnrty-hn1 ~c pn,Yet· -...tt a111 plant. onP Gate::; <·rusher. 
Pl lVntoI· and l'""VOl\ 1ng· '-,(.'l'Cen. rrhc~ ~l'l'ePn take:-, nut all 
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material less than three-eig·hth:::. inches in <liameter, the fine 
material being use<l by the railwa:v for }'ard filling at Valley 
Junction. The coarser rock is used mainly for concrete at 
Des 11oine'j, an<l brings . ·1.:~o per ~'ard. The plant has a 
t·apacity of about 200 }"ards per <la:r-

l~arlha,11 Lauri ( o. -The quarrie:::, of this compan:y are 
loeatcd ...,outh of town, in the valle:y of North river, and are 
illu:::,trated in plate x. .c\s l1as alrea<l)· been :::.tated, the beds 
op "nc<l up are the eql1ivalents of tho:::,e found at the Robert
son qnarr}. There is, ho\vever, an O\"erlying shale not found 
at the latter place. 

1'11e roek i:::, cut b} a :::.erie:::. of joint:::., some of which have 
-,prea<l till there is an open space of a:::. 1nuch a:::, se,·en inches. 
These crevit'es arc :::.ometimes filled by :::.talactitic matter, 
which usuall;· coats merely the ides, but in places the 
crevi<·es are completel;· filled. The presenc.!e of the joints and 
bedding· planes makes the quarr;·ing easy, and very· little 
po\.vder is used. .t\:::, at the ltobertson q uarr;· most of the 
rock i::, cru::,he<l, thoug·l1 ::;ome good dimension stone could be 
obtained. The crushing plant includes a Gates crusher, tail 
rope, scr eens and steam plant. The capacity is 150 to 200 
cubic yards per da_y, and the quarry employs about thirty 
men. The output is shipped on a switch from the Chicago, 
Rock I sland (;T Pacific rail way . 

... ,ret•itt qua1·ry.-This is a local quarry opened some years 
ince a mile soutl1east of Earlham. It supplies an important 

local trade. 
/t'ureka q11rtrry.-This quarr)·, formerly known as the McGor

risk, is a mile and a, half south of Earlham (Tp. 77 . , R. 
X ... IX W., 1. ec. 18, .l ... w. qr., Se. t). It is not work:ed at present. 

,vrNTERSET DISTI{IUT. 

There are numerous qua,rr ies in and near \\1interset, thoug·h 
none are very· extensivel)T worked at present. The Clark 
quarry north of town (Tp. 76 . , R. '"XVIII W., "ec. 25), is 
opened in the Earlham beds. In the southeastern portion of 
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the cit:r hoth the ,Vinteri:,,et and the Earlha1n beds haYe been 
opened up. In the eit:r (1uarrie:::, th for1ner le<lg·e~ :::iho,Y about 
fifteen feet of rock. The lo'\\·er t'Our...,es may· be use cl for 
dre. sed ::,tone, though the3T .11·c not easily <1uarried nor arP 
tl1e)T generally worked. (;ootl rubble and erushing· stone is 
abt1ndant. On the ~\rnolcl place the J·~arlha1n stone has hef~n 
opened up, and ,ya..., for :::,ome 3·ear..., burned into limP at tlu• 
Cooley kiln. ~ outh of ,·rin ter'->et the I3rown quarry ('£p. 7.~); .. 
R. XX\rIII \\T .. 8ee. 1, S,v. qr .. ~f'. I ) ,va~ reopC'ned in Ion~. 
and has ince furnished (•on id era bl curlnng· stone. 'Phe old 
Kipp quarry. near b)·, 1s not no,Y worked. Exten:::,i ,·e quarr1e~ 
were formerly worked 1n the ,,TintersPt hed~ about a mil · 

• 

farther sou th <'£p. 7.-., X., l{. XX\TTII \Y., l ec•. 1 ~. X". <1r. ). J t 
was from the e quarries that a portion of the stone for thP 
court house ,va:::, taken. The pillar::, and mut'h of the c:ut 
stone came from the Backbone quarrie..., ('11p. 7;') T., I~. XX\rII J 
W., ec. 16, Ne. qr., • 'e. ¼). Tl1e section at th1:::, point bas 
already been giYen in uonnection with the de...,eription of tlH~ 

limestone. 
At the Bac·kbone the heav)· ledg·e at the base of the F'u~u-

lina limestone is ,\·ell sho,vn. It i~ kno,Yn to the qtu1rl')'men 
as the magnesian Jedge, tl1ough '::,everal different le<lges in 
various parts of the county are uonfusecl under that term. It 
yields an excellent grade of stonP. Hig·her portions of the 
Fusulina limestone are expose<l in '::>eetions 22 and ~~ of \\T eh
ster township. It seems probable that the Fusulina stone, 
when properly opened up. will he found to yield some of thl'· 

best rock in the county . • 

Pl~RU DISTRICT. 

In the tops of the hill::, at Peru the I◄~usulina rot'k c•rops out 
and is quarried at several point'::. on the ,vest side of the 
stream. 1\t the Iieed c1uarry from ten to fifteen feet of stone 
are found, it being for the most part fine-grained and breaking; 
with a conchoi<lal fracture. The lo,ve1· portion, four to five 
feet thick, is heavily bedded and shows some twf'lve to four-
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tee11-inch stone. Above this heav:r stone is a six-inch bed of 
shale over which is a thinner bedded, much jointed rock. It 
furnishes four, six, eig·ht and some twelve-inch stone. Some 
of the rock is fine-g·rained and of almost lithog·raphic texture, 
but is too lllt1ch cracked and seamed to be of value for dimen
sion work. 

'11 he lo"·er beds, including· the "\Vinterset, Earlham and 
Frag·menta,l, have not been opened t1p, though the:y· show in 
the hills. About two miles east of Barne:,~ the Winterset rock 
has been cut into by the railway, thoug·h the ledges are now 
larg·ely co,·ered ,vith talus. The blocks exposed show thick
nesses of six and eig·ht inches. Below the limestone (1,020 
.. \.. T. ) the usual black shale is exposed. ...\long· the creek 
near b}', at the proper le,·el below this shale, the Earlham 
beds are shown and exhibit the follo,ving· section: 

FEET. 

4. Lime::;tone. thin. shaly, grading into calcare-
ous shale::; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 

3. Li111estone. coar::;e, made up of :.hell frag
ment!-, rather heaYily bedded, ranges up 
to fourteen-inch rock, good quality__ _ _ _ 5 

2 Shale, calcareous. gray, Chonetes verneulianus 
abundant. Spirifrr ca.rnera.tus rare ______ _ 

l. Limestone. thin and irregularly bedded, 
l edg-es of six inc he::; and le::;:;;. stone appar
ently a1·gillaceous. with <lull earthy frac
ture: carries Chonetes rerneulianus, Spir
ifer cameratus, Productus nebrascensis, 
Productus costatus, Productus cora, Atby
ris subtilita, Jieekella striatacostata and 
coral::;: ledge::; capped by a ten-inch layer . 
of coar::;e gray rock 111ade up of finely 
com1ninu ted shell~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6 

INCHES. 

6 

The onl3· quarr}· in the , ·icinit.r is that of :\Jr. Irains, where 
about five feet of stone suitable for dimension \VOrk is obtained 
,vith ver~· little stripping·. In 11r. Irains' house, built of the 
product of this quarry, the g·ood qualities of the stone may 
be seen. 



RO.\D :\lATEilIAL. 

ST. C'HAitLES TRURO J>I~Tl{ICT. 

X ear "t. Cl1arle:::; the thin le<.lg·e:::; of tl1e 1i'ragn1ental rock 
already described are quarried loeall)·· 'l'l1e total thick
ness of stone is about t,vo and 011e half feet, the le<lg·es 1·unn1ng· 
from four to six inche:::;. Thic:ker leclg·es prohabl)· <>l·<·ur 
hig·her in the hill, but ha, e not been opened up. The <1narries 
at t. harles ma,rketed la~t year about tl1irty pereh of :::;tone 
at 75 eent:::; a percl1. I~quiYalent ledge:::; haYe been opened 

:::;outhwest of St. Charles. 

Road Material. 

The matter of g·oo<l roads i~ deserYedl) att1·acting· attention 
within the count}·· Tl1e eon:::;ide1·al)le portion of the area not 
reached by railwa)· lines make::-. wag·on l1auling· 1no1·e tl1an 
us11all)T important. 'l'o reach a market or to g·o to thP c:ounty 
:::;eat, requires in many cases a driYe of ten to t,Yenty miles. 
A portion of this driYe is almo-,t eertain to be oYer ,·ery roug·h 
roads. The di:::,tribution of the drainage and the re:::;ultant 
config·uration of the to1)og·raphy cause:::; the nortl1 and south 
roads of the eastern and central portion of the countj· to be 
necessarily· ro11g·h. The considerable relief and the fiat topog
raphy of the uplands make :::;teep grades at the river c-rossing·s 
almost unaYoidahle. Tl1e g·raJes coul<l he much bettered if 
the road:::; had been louatecl \vith referenee to the topog·raphy 
rather than the land line:::;, b11t here. as ,va:::; u:::;ual in tl1e 1Iis
~issippi valley, the nec:essity for \vholesale method:::; in the 
rapid settling of the l'Ountr> made deliberation impossible, 
and it must be tl1e ,vork of the future to eorrect some. at lea~t. 

of the mistakes of the pa::;t. 
The east-,vest roads chane;ing to follo,v dl'ainag·0 Hue::; or 

the interdigitate divides, have i.n the n1a,in avoided steer 
g"!'ades. Some of the principal lines of travel are, so far a~ 
this factor is eon('erned, excelle11tly located. The north-:::;outh 
roads of the extreme ,vestern portion of tl1e couuty l1ave also, 
in general, relatively few steep g·1·acles. It is not, however, 
altogether a matter of grades that is provoking· here, as else-

• 
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where, a g·ood roads ag·itation. The character of the roadway, 
be the grade ever so good, may be, and often is, so bad as to 
make the road quite impracticable at certain seasons. During 
g·ood weather the roads are beaten hard, and in time are worn 
smooth; but in the spring·, when the frost leaves the ground, 
many of the roads can be traversed only with the lightest 
loads. This condition obtains on some of the poorer roads 
almost the year round. The stiff undersoil of the loess on the 
uplands, the blue clay of the till, the geest, and much of the 
alluvium, all of which enter largely into the material forming 
the surface of the roadways, are predominantly impervious. 
They are usually, also, notably plastic. They prevent free 
drainag·e, and yet form a surface of black, sticky mud which 
adds g·reatly t'o the traction. 

The improvement of the roads will necessitate, aside from 
the matter of location, adequate drainag·e and surfacing with 
road metal. More care in the building of the roadways so as to 
provide the necessary drainage is perhaps the first requisite. 
For road material the main reliance must be the limestone. 
Gravel beds of any importance have not been found in the 
county and probably do not occur, since the Wisconsin, the 
main g·ravel-forming ice sheet, did not reach so far south as 
either to enter the county or cross the headwaters of its 
streams. The earlier g·ravel-forming period which followed 
the pre-Kansan drift has left no traces in the county so far as 
can be discovered. The streams have not, by their own work, 
accumulated gravel beds to any considerable extent. 

Limestone, however, occurs abundantly throughout most of 
the county. Some of the worst roads are along the foot of 
limestone cliffs. Rock could be obtained along most of the 
main roads readily and cheaply. It has already been used to 
a limited extent with excellent results. It is crushed in large 
quantities for the Des Moines market, being used for con
crete, and is excellentl;y adapted for macadam. 

In stone for macadam two qualities are important: First, it 
must be sufficientlJ'" hard to resist too g·reat wear, and Second, 

• 
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it must be of such a nature that it will cement rapidly. The 
matter of hardness is relative only. Rock used in pavements 
exposed to continuous wear under heavy loads, must- be able 
to resist considerable crushing· strains; but for country roads, 
where the wear is relatively slight, this factor is of less 
importance. The limestone of the county, while it will of 
course crush under the wheels and will ultimately wear out, is 
not apt to prove particularly troublesome in that reg·ard. 

A macadam pavement derives its g·ood qualities from the 
fact that the stone, under the roller or the wheels of traffic, 
breaks up and yields a fine dust, which with water forms a 
cement, binding the whole tog·ether. In effect a macadam 
pavement is a cheap concrete in which the bond is derived 
from the finer portions of the crushed rock. Not all stone, 
not even all limestone, will furnish a dust which bas the 
requisite cementing· properties. In some cases it has proven 
necessary to cover a macadam roadway with a thin surface of 
crushed iron or other material in order that the whole should 
be made to set. The limestone found in Madison county needs 
no such surface material. It is quite pure and dissolves under 
the action of surface water with relative rapidity. The dis
solved material is frequently redeposited, not far from the 
point of solution, in the form of stalactitic matter. As was 
noted in the description of the quarry of the Earlham Land 
Co., this redeposition is locally important. The redeposited 
stalactitic matter forms a firm cement, holding together an:r 
pieces of rock which may be imbedded in it. Upon the road
way an analogous process takes place, and under proper con
ditions the recemented rock will form a firm and durable 
pavement. 

The amount of stone necessary for covering a roadway will 
vary somewhat with the conditions as to foundation, grade, 
traffic, etc. Upon a properly drained and rolled foundation 
six inches of stone should be ample for most of the roads of the 
county. Upon this basis about 1,500 yards per mile would be 
necessary for a roadway fifteen feet wide. Stone is now being 
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furnished in Des Moines at. '1.30 per yard, but this price could 
be ,Ter}T rnateriall}T les enecl in case the count}r crushed its own 
stone. The expense of g·rading· and rolling· the foundation, 
,,·ith that of delivering and spreading the stone would var:ywith 
the localit}T· In N e\\T .J erse3· certain roads are costing about 
S3,000 per mile. It is probable that the main roads of 11adi
son co11nt3T could be impro,·ecl at an a,·erage amount consid
erably less than that s11m: perhaps . '1,000 to . '1,300 could be 
taken as a fair estimate. To obtain the best results the work 
would need to be carried on according· to a systematic plan. 
so that the work done each )·ear should be a P.ermanent 
improvement-a part of a sing·le larg·er piece of work. The 
roacl work now carried on i1::, essentially· of a makeshift char
ac:ter. If to the amount of the road tax no,v annuall~r 
expended ,vere to be added the agg·regate cost of br·eak
downs, untlue wear on horse:-. and vehicles, loss of time due 
f1·om the lig·ht loads hauled, and losses due to inability to 
market produce rapidly· \\'hen prices are most fayorable, the 
relative cost of present and impro,·ed road ways would appear 
in the re,Te1 se of their present order. 

Lime . 

rl'he li1nerock found in the <.'ount)· can be burned to a lime, 
but the <1ualit:r of the latter i:-. not of the best. Curiously 
enoug·l1 it is not the purest lime::,tone1::, which n1ake the best 
lime, but those ,vhi<:h c:ontain a <.'ertain pereentage of mag
nesia tbe dolomites and mag·nesian limestones. 1!1or the 
most part the lin1estones of the count}- c·ontain little mag·nesia. 
The lime formed from it i~ ,Ybite, but is quick and heats rap
idly. In slacl{ing· it must be handled ,·er)' earefull3· and an 
abundance of ,vater kept on hands. Lime was formerl)· burned 
at ,vinterset, Perl1, in ~ection 32 of J e:fferson township, and 
sectio11 9 of 11adison to,vnship. At present there are no 
kilns in operation, and it is quite 11nlikel3· that kilns ,Yill ever 
be establisl1ecl except fo1· local trade. 
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Clays. 

11he abundance of sto11c and the neal'ness of the larg·e briek 
,,orks at \Tan ~feterand Des ~Toines have prevente<.1 the devel
opment of an:r i1nportant cla)· inclu:::,tr) in the l'Ount.,·. 'l1bc 
loe s. ,vhich is e, e1·J·,vhere present, and n1o~t of th<' allu
vium found along· the stream::::. could ea::::.il) and t·heapl)· he 
made up into tandard building· hric-k. < >nly the simple::;t 
processes. tho e of the hand ya rd. ,,oulc1 be ne<·e~sar)·· \1 uch 
of the loes:::. <·oul<l be n1ade to yield better g·ra<le::::., 1nc-luding 
stock and fa<:e briek, if treated either a~ a ::::.titi'-rnud 01· on a, 
dry-pres:::.. In the ea tern portion of the t·ount:f ,,here the 
Des ~Ioine format,ion l't·ops out. ::::.hales suitable for a <.:onsid
erable variet)· of produet::::. oc..:c·u1·. ~o far thP,\ hav<> not been 
utiUze<l, the onl3T bl'ick no,, manufaetured in the eount_,, being· 

made from top soil and loe~s . 
... \.t "\Vinter:::.et there a.re two bric-kya1'ds, both "'it hout machin

e1·:r- Tl1e T. F. 1Iardis )·ard is one mile east of to,vn ('Pp. 7G N"., 
l{. XX\'"I ,r., ~ec. :-t~). T\"o kiln::::. of 100,000 to 1,>0,000 <.:apal'ity 
are ordinaril}' burned each -:;ea~on. In addition to briek of 
the usual ~ize. bric·k t,Yelve incht•s long· arP turned out. 
~outh,vest of town (11 p. 7fi K .. l{. XX\'III "\\T., ~e<.:. 1) i~ the 
brick}Tard of ,·r. D. ancl .T oel ( 'lark. 11he)r maintain t,vo 
up-<lraft kiln::, of 2.>.000 uapaeity ea<.:h for bu1·ning· h1·ick. ~\t 
Earlham :::.mall quantities of hand-made hriek have been made 

f1·011J the loe::::.s. 
11 he ,vide distribution of the loess an<l the east.' \vith \Vhi(•h 

it ean be ,vorked up into hl'ick and draintil" upon the inex
pensive auge1· machines, ,vould seem to ,\Ta1·rant 111, estn1ent 
in a plant. ,.rhe strong·el' under loess ,vhieh ha::; g·iven tr·ouble 
in the hand yards ,vill be found exeellently ada ptP<l to the 
manufactu1·e of <lrain tile, tl1ougl1 it mu....,t not he driec1 too 

rapidly. 
W ater Supply. 

'l1he numeroll8 st1·eams throug·hout tl1e c.-ount) adapt it 
excellentl)' to sto<.:k farming·. vVhen ,vatel' is needed for 
household or industrial purpo::-.es it i::, usuall:r obtained from 

• 
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wells at shallow depths. The base of the loess and the base 
of the drift are common water horizons. Water may·, how
ever, be found in gravel pockets at almost any level in the 
drift. The different shale horizons in the Missourian usually 
furnish water and their outcrops are marked often by lines of 
springs or water seepage. Water, though not usually of the 
best quality, is readily obtained from the Des 11oines beds. 
In Jefferson township (section 36) Mr. C. D. Fletcher has a 
well 268 feet deep ending in a sandstone that lies near the 
base of the Des Moines. The following· analysis of the water, 
by Dr. Floyd Davis, is published b3r the courtesy of Mr. 
Fletcher. 

Total solids ___ . _____ . __ . . _____ __________ . ___ . _______ _ 
Loss on ignition. __ _ . _____ . ________ .. ___ .. ___ . ___ . ___ _ 
Chlorine _ . . ___ .. _ .. __ . ____ . ___ .. ______ _ . __________ _ 
Free ammonia _ _ ______ . ___________ .. ____ . __ .. __ .. __ _ 
.Albumenoid ammonia ______________________________ _ 

Nitrogen in nitrites. ______ ._._. ______ . ______ .. ___ .. _. 
Nitrogen in nitrates ___ _______ . _________ .. _____ _____ _ 

5,580 
1,800 
497.5 

1.76 
Trace 
None 
None 

· 'These results show that this is a highly mineralized water. 
The salts in it are principally sodium chloride (common salt). 
T here are no po4,onous substances in it. The salts present 
are really beneficial constituents of a mineral water; the com
moner salt acting· as a mild tonic, and the g·lauber salts as a 
strong cathartic. The sanitary analysis shows that this water 
is almost entirely free of organic matter, such as might come 
from drainage, and there are no reasons whatever why this i 
not a good water for domestic use and for stock.'' 

W ate r P o w er. 

The rapid fall of the larg·e streams of the county where 
they cross the Bethany limestones affords man3r excellent 
water powers, few of which are at present utilized. In 
former da3rs there were several mills, the most famous, per
haps: being· the tunnel mill at the Backbone. At this point, 
by means of a tunnel a few hundred feet long, water is 
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drawn from the river above the Backbone a,nd a head of nearl,T 
twelve feet obtained . 

..1.. orth river niiddle river, C'lanton ereek, and many minor • 

streams cross the Bethany lime:::,tone. In eae;h case there 
• 

is a total fall of about eig·hty feet. rrhis i:::, distribute<l 
somewhat, but a:::, each of the fotn· benches of li1nestone is 
erossed there is usuall3· a fall of ten to t,\·ent} or eYen more feet. 
Buch water po,ver lllil)T ,vell beeomP quite Yaluable. a,nd it 1s 
not improbable that the futtu·e \\·ill :-,ee an in1portant milling 
indu:-:;tr,~ founded on it . 

• 
Coal. 

While 11adi...,on l'Ountv· lies within the limits of the l'Oal 
• 

measures there are at pre~cnt no mines of more than loeal 
importance. The 11i::;:::,ourian formation. v.hieb <·overs ::;o 

- large a portion of the area i:::, prae;til'ally barren. The onl3· 
e;oal bed:::, of importane;e kno,vn to oucur in this formation are 
found in beds that lie above the <li,•i::;ions of the Bethany 
limestone outcropping here. Tl1e black shale horizons noted 
in the general section of the formation earr3· some impure 
coal, but neither in quantity nor quality is it important. 

The upper portion of Des 1oines formation. as exposed 
along the Raecoon river, contains three horizons along \Vhich 
coal has been generall3· found. Two of these c.:oal horizons 
have been named respecti,·el3· the Lonsdale antl the ~Iarshall, 
and between these is an intermediate horizon to which no 
name has been given. 

This intremediate coal appear~ on Bulger creek in .Jefferson 
township, Madison county. Coal \vas formerly worked in 
::VIadison township (section 25J and it is not improbable that it 
belonged to the Lonsdale horizon. The coal fot1nd in (,raw
ford township, on Cedar creek (sections 17 and 18), south .of 
Patterson (sec.:tion 32) and southwest of Bevington (section 36) 
can not be definitely correlated. Coal horizon:::, have been 
noted in the sections near St. l'harles, and similar beds occur 
at approximately the same levels along· Clanton Creek and 
Middle river. 

• 
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All these coal beds are quite thin. I n many cases onl:r a 
little impure coal is mixed with the black shale. The thickest 
beds noted include that reported at the old Clarke mine (Tp. 
77 N., R. XXVIII W. , Sec. 25, Nw. qr.) and that south of P at
terson (Tp. 76 N., R. XX\.,.I W., Sec. 32, .r e. qr., Sw. i). ~-\.t 
the Clarke mine the bed is said to have been two feet thick. 
"\Vhite gives the following section: 

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

FEET, 
6. Shale, sandy ____________________ . 32 

5. Limestone, impure, bluish_____ ___ 2 

4. Shales. black, bituminous________ 3 

~ --=-=-- _=.·=-=-=-="=::I 
- -~ - --- :....-

-= 
2. Coal _____ .. ___ •..• ___ .•• ___ .. __ . . 2 

]. Fire clay .. . . .• ·---······-·---···· l 
Fro. SO. Coal at Clarke mine. 

The coal would seem from this section to represent the 
Marshall horizon. It is not now exposed. 

The section south of•Patterson is as follows: 

FEET. INCHES. 

Limestonetgray, compact, fos· 
siliferous _ ·-·· ···-·· ·--- ··-· 1 

3. Shale . •..•. ·-····--········---· 2 6 

2. CoaL -------·-··-··-···-·····- 2 

l. Fire clay .••• _ •.. _ ...... _ . _ . . • • 6 
F10. 81. Coal bed near Patterson. 

The mines of l\Jadison countv are small, and are worked 
~ 

only in the winter to suppl}'" the local trade. ome coal is 
obtained by stripping and some by drifting·. No deep shafts 
have been sunk, and no extensive prospecting· has as 3Tet been 
undertaken. Thick, workable beds probably occur within the 
county, but at some depth beneath the sur face. At Van 
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Biirnev. clc,·a.tiou. -HIS. 
• < > - ·)1• - ''O ~ narl')' . ,,_ 1 •• ,., • 

Bates. <'. 0 .. anal\' i::, ln. 37'1., ;3 2. ::i Ii. . . 
::isn. 

n,1tncri1111~ 11111cl11·i<hi. 22-l. 
Ba,arcl. eleva ion. -t:!:3. 
Beiding Stone C'o .. i:,o. lb-l-. 
Belding. S. <.' .• al'knowledgn1ent,-,. lfl3. 
Belle 1:alle) :'\Jill exposure. -1-:r;. -Hi:!. 
Uc fir 1·011'1011 er, rl1011rt ,·ia. -1-:'10. 

j)U'C(( ri II fl ((I, ➔-➔- j'. 

Bcrtra1n beds,;>,. 
I3crrv brick works, -1 iii. 
Bcrr\·hill & Shul. 40!i. 
Her,\.h;k b0ring. :'120. 

Elevation. :1R4. 
Be than, litncstone, 30fl, ,>~-!. 
Bevington, elevation. 49 . 
Bevington quarry. ,>:!,'i. 
Be,er. s. \V .. ackuowledg-ments. lfl5. 

. 2-l . 
< ' ited. 2tii, 340, -160. 
\ ~.,. ·k of 1·> 1 • .,~ ·\ 01 ~ -· ,>. - , • 

Blake t reek :-.cction. 13i. 
Aondu1·ant elevation. 2 ' 4. 
Bo) nton. g_ P , tests by. :i;~. :nn. :'I :t 

3'--1, 3 (j, :'190, 392. 
Brick pa, ing. :3il. 
Brick works. 

1\..nson Brick & Tile ( 'o .• 2.1:l. 
1\ustin, 1\. :\I., -!().,. 
Bailey, J., 39 . 
Berry, 476. 
Billington, C., -103. 
Bromley Brick & Tile Co., 255. 
Capital ·cit} Brick Co .. 379, 391. 

Pipe & Tile Co., 390. 
Collins, Frank, 399. 
Clark, 535. 
Dale-Good"·in Pressed Brick Co .. 

396. 
Davenport Paving Brick Co., 379. 
Des tloines Brick 1lfg. Co., 3 0. 
Diamond Brick & Tile Co., 379. 
Flint Brick Co., 3 5. 
Fredregill, J. i\L, 398. 

'1'. 11., 39 . 
Galesburg Vitrified Brick, 379. 
Gaulocker, C., 102. 
Gilman Brick & Tile Co., 255. 
Gross. Wm., 102. 
Horton, 4i8. 
H 9·• arrnan, A., . Oi). 
Haskins, N., 399. 
IIill, .J. D., 398. 
Iowa Brick Co .. 3 
l{ohr, C'. H., 254. 
l{urt,z & Hall, 400. 
11ardis, 523, 535. 

Brick works. 
11errill Brick \\T orks, 395. 
)linear Bros .. 39i . 
)Iusser, ,J. D .. 101. 
Newman Bros .• :3n;;. 
:N"ic-holas Oaks. 102. 
Ottumwa I->a\'iog Brick C'o., :3i9. 
Oxer. ,J. '\Y .. 101. 
Panora Brick & Tile C'o .. -li~. 
Paving Brick, :3i0. 
Polk tit, Tile \'\.,.arks. -to::J. 
Purington Brick Co., 379. 
Shackelford, Lincoln, 39i. 

Louh;, 3fli. 
S• ,_ c._, • )" I 1eg .. ~ 01ze. :.<> .... 
Stuart Brick & Tile ('o .. -!ii. 
'l'homas ._'-.'.; Sons. -104. 
Tiffin Tile C'o., 101. 
Tippe~· &, Decker, 399. 
\Tan Ginkle, G .. :199. 
,, ... illia1ns. L . . 1., 400. 
\Yinburn. T. L .. 399. 
\\Tulke Brick Co .. 234. 
1 ... oungerman. Louis, 89 .. 

Broadhead, G. C .. cited. 450. 
Bromley Brick &, Tile \\T orks. ~.j;3. 
Brown quarry. 529. 
Brnsbj Burk mine, 4i4. 
Buchanan beds, 1 . l i2, 233. 

county, work in. 1.3. 2:i. 
Buffalo creek, 49. 
Building brick, 303. 
Building- stone, 16. 

Cerro Gordo county, 1 3. 
Guthrie county, 47 . 
.Tohn1:;on county. 95. 
i\ladison county. 52-l-. 
:\larshall county, 241, 

256. 
Polk county, 409. 

Burgess mine, 473. 
Burning pa Ying brick, 37i. 
Burroughs mine, 474. 
Butler mine, 474. 

Caen stone, 244. 
Call, R. E., cited, 26 , 335, 340, 342, 41 , 

4 1. 
Calmus creek, 141. 
Calvin, Samuel, acknowledgments, 41 , 

493. 
Annual report, 11. 
Cited, 145, 168, 172, 459, 

460, 463, 464. 
Geology of Cerro Gor do 

county, 121. 
Geology of Johnson 

county, 37. 
Quoted, 453. 
Work of, 25. 

C'ania 1·otrech ia cont ,·octa, 167. 
Campophylluni nanurn, 167. 
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Capital City Brick Co., 379, 391. 
Pit, 308. 

Capital Hill section, 301. 
Capital in Polk Co. mines, 354. 
Carbondale elevation, 2 '4. 
Carbondale exposures, 311, 313, 316. 

Fuel Co ·s clan,. 369. 
1\Iine, 356, 36i. 

Carboniferous, Cerro Gordo count,, 1 i'O. 
Fossils from Des iioine:; 

by C. R. I{eyes, 330. 
Guthrie county, 42,. 
Johnson county, 'i!-"l. 
l\Iadison county, 50:{. 
l\Iarshall county, 21~. 
Polk county, 266. 
Work on, 12, 21. 

Carlson, C. J .. acknowledgments, 411. 
Casey, ele,;,ation, -!23. 
Cedar county, work in, 15, 2;;. 

·valley limestone, 62. 'il, 93. l-!,1, 
160. 

Quarries. 1 ,5. 
Cement, 1 i. 
Center Street section, 303. 
Cerro Gordo count~·. geolog~ of. 121. 

Altamont moraine, 1:t~. 
Area, 121. 
Buchanan gravels, 1,2. 
Building stones, 1 0. 
Carboniferous, 1 i0. 
Cedar Valle,· limestones, 14,i. 
Clays, 1 9. • 
Clear Lake, 134. 
Deformations, 1 1. 
Devonian, 145. 
Drainage, 136. 
Early geological ,vork in, 121. 
Economic products, 183. 
Elevations, 136. 
Eskers, 177. 
Geological formations , 144. 
Iowan drift, 123, 17 4. 
I{ansan drift, 171. 
Kettle holes, 134. 
Kinderhook, 170. 
Lime, 187. 
Lime Creek shales, 161. 
Mason City deep well, 193. 
Peat, 192. 
Physiography, 122. 
Pleistocene, 171. 
Post-glacial deposits, 178. 
Soils, 179. 
Stone industry, 187. 
Topography, 122. 
Unconformities, 181. 
Valley trains, 177. 
Value of quarry products, 186. 
Water power, 194. 
Watei· supplies, 192. 
Wisconsin drift, 176. 
Work in, 12, 27. 

Chamberlin. T. C., ackno,-..-ledgments, 
19, 418, 412. 

cited, 3:15, 345, 348, 
349. 

Character of coal measures, 291. 
<.'h~mical analyses, 17. 2,)1. 370, 536. 
Chimney tops, :l69. 
('ho111tu:; jlu11i11yi, 331, 33:t 

y ra ,11d ifc. l'Cl, 4:lo, 4-l 7. 
la ri.-;, 331. 
n1csolo/J(1. :33:3. 334, -!31, 50,i, 50G. 
po n·11s, 00,5. 
:,;cit 11/u, 6:t 
l'CI /l(Ulill 11ius, -!-!8. ;;09, 51-1, 51."i. 

Christy coal analyses, 356. 
l\line, 361, :16:t 

f'lac1opo1·a iowcnsis, lio, 'il. 
Clarke brick yard, 533. 

County, work in, 2H. 
l\Iine, 43-!, 474. 5:38. 
Quarry, 528. 

C'la) analysis, :375. 
C'layo /See also brick). 

Cerro Gordo count\\ 189. 
Guthrie county, 47~. 
.Johnson count,, 101. 
11adison county, 333. 
:\Iarshall county. 2,j2. 
l'olk counts, 366. 

Clear creek, 48. 
Lake, 1a-1, 131.i, 1-12. 

Elevation. 136. 
Clement-;, ~I. F., work of, 23. 
('lifton mine, :160. 

Shaft record, 307. 
Clinopistha ,·ctdiuta, 331. 
Cl 1 •)•,) oa , ,J.:>~. 

(See, also, Des ~Ioines formation.) 
Anal:vses. 3.36. 
Cutti'ng 1nachine, 357. 
Guthrie county, 469. 
iiadison county, 337. 
11arshall county, 2,j6. 
11ines of South Des 11oines, 300. 
Polk county, 352. 
Valley mine, 361. 

Coggan bedo, 57. 
C'old \,Vater creek, 141. 
Collins brickyard, 399. 
Color of brick, 393. 
Commerce, coal, 470. 

Boring, 291. 
Elevation, 284. 
Exposure, 324. 

Conglomerate of Cretaceous, 454. 
Consolidation Coal Co., 358. 
Coon Rapids, elevation, 423. 
Coon Valley mine, 361, 365. 
Copoclus prototypus, 112. 

spattilatus, 112. 
Coralville quarry, 70. 
Cost of brick paving, 372. 
Cost of good roads, 534. 

• 

• 
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Court House well. -110. 
('1'<t11iu f<nnclico, llil. 
< 'rescent l'oal Co., boring-, :3li. 
Cretaceous, (¾uthrie county, J,jl. 

:'lladison count,. :,03. 
,York on. 1:t 21-I. 

Crocket·. elevation, 2 4 
I{ames, 3-l< . 

( 'row le) quarry. 9H. 
( ' h cl -.,., -.)-1 u::, e stone. ::,,>-, ,>-,. 
( ' l . t f t 1- ·> ' - - ·)-rus 11ng tes s o s one. , , _ .. ,. ,)_,>. 

('ryptoco,ithia compoclo, +!i. 
t'u l'ic<t ri 11<1( us. ~~a. 

('lt11oc]us Cl'iS/11/ll,<;, lla. 
< 'ummings, eleYation, 2 -!. 
('yollwphyll11111 robust11111. il. 

solic1um, l(jj. 

t 
. •)•),) 

01''] Ill ll)ll. ,>,>-· 
<111rti110 h<t11tilto11, 11si.-;. Hi,, HHl. 
< '11stoz1hyll11111 co,1((ollc il. 

)Jllll1Cl11l11lll, Hii'. 
( 'yt/t< f( ill0J'(l<'Ct1!li.~, 3:tt 

Dakota, C¾uthrie countY, -1-31. 
Da,le City cotil. 4 iO. • 

Exposures, +!0. 
Dale-Good win clay pit. :~-!1. 

Pressed Brick < 'o .. :l9t5. 
Dlillas couut,. work in, L>, 21. 2<i. ~H. 
Da\'CDport Pasing; Brick Co.,:3iH. 
Da,·is. Flo~·cl. <'ited. 333. 300. ,'j;}(i. 
Daw-,on, G. C .. cited, :33;;. 
Decatur count,·, work in. 29. 
Del'P well. cotirt hou::,e, -!10. 

DPs :\Ioines, ~"ti, 
.:'llarshallto\\·n, 211. 
~la sou l'it Y, l!J:t 
SaylorYille. -110. 

Defor1na.tion:..: l'erro (¾ordo count,. L 1. 
J ohnsou counn. H:f 

De Gra"'• E. P .. acknowledg1u.ent!:i, Hl,>. 
Dela wtire county. work in, 13, 2.3. 
Denison. 0. T .. ·ackno" ledgment-.. 19,->. 
]Jcntalium £111111<10.~tl'iatHni. 331. 

,ncckianum, 331. 
su blcn·c. 331. 

Depth of Pleistocene in Johnson coun
ty, 90. 

]Jc rbyo c1·ossa, 331, 3'.r3, -!30, -1:31, 436, 4-:1: 7, 
509, 516. 

robust a, -Hi. 
Des nloine::, Brick l\Ifg-. Co., 3il, 379, 3 0. 

pit, 30 . 
Coal Co., 323, 353, 36-!. 
EleYation, 2 -! . 
Formation. (See, also. coal.) 
G-utbrie county, 42 . 
.Johnson county, 79, 9 '. 
:\ladison county. -!0-!. 
tlarshall count\·, 22i. 232. 
Polk count, , 2 ·6. 

De Soto, coal, 4 i'0. • 
Dexter, eleYation, 423. 

Deyil's backbone, ,300. 
DeYil,, Gtip section, 30-1. 
DeYonian, ('erro Gordo county. 1-!,3. 

Fossil fil:ihes. 10 . · 
Fossill:i in Cretaceous. 4.32.-!,36. 
.Johnson county, 37. 
System, work on, 11. 

Dia1nond Brick & Tile Co .. :379. 
l'-line, 363. 

JJicl"slllu boric1cns, 51:3. 
cc1lt'i>1i, 167. 
iou·uisis, 6H, i~. 

Dillon. elevation. 20-!. 
JJinicltthys intcnn((lius. 11-!. 
Diplt l'U,-; t'll le 11cic 1111csi. 113, 
J)oryc:ri,111," inimc1tur11s. :t2-!. 

pu rriurrsis. 224. 
• roc1iutvs, 224. 
Drainage. Cerro Gordo county, 1:·Hi. 

Guthrie countY. 42;3. 
.Johnson count,·. 4i. 
l\ladison count'y. 49 . 
:\Iarshall county. 20,>. 
Polk count\·. 2i:1. 

Dri:,coll mine. -! i:,3. · 
Dunbar. eleYation. 20!. 
Durability of brick paYing, :li3. 
Dyg·art mine . ..i:32. 4 i:3. 

E agle 1uine, ;3,33, 36-!. 
Section. 30-!. 

Pottery works, 401. 
Earle & Prouty coal lands. 861. 
Earlha.111, eleYation, -!9 . 

L d ( , -9 an o., ,>_, . 
Limestone, 310, 312. 31-1, 524. 

-,) 
..>- ~ . 

Quarries, 525, 526. 
Earl~ geological work in Cerro Gordo 

county, 121. 
('tuthrie county. 
.Johnson county. 
?lladison county, -193. 
nlarshall county, 201. 
Polk county, 267. 

East1nan, ('. R., acknowledgments, 24, 
104. -

Occurrence of fossil 
fishes in the Devo
nian of Iowa, 10 

Quoted, 75. 
Eastwood well, 46 . 
Eclipse mine, 353. 
Economic products, Cerro Gordo coun-

Eicher quarry, 96. 
EleYations. 

A.dair, 423. 

ty, 1 3. 
Guthrie county, -169. 
Johnson county, 95. 
?lladison county, 32-! . 
:\larsball county. 241. 
Polk county, 352. 
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Elevations. 
Albion, 20-1. 
A.ltoona. 284. 
Ankeny, 284. 
. Asha,va, 284. 
. A.von, 28-1. 
Bagley, 423. 
Barney, 49 . 
Bayard, 423. 
Berwick, 284. 
Bennington, 498. 
Bondurant, 28-1. 
Carbondale, 28.J.. 
Casey, 423. 
Clear Lake, 136. 
C'oon Rapids, 423. 
Commerce, 28.J.. 
Crocker, 22-1. 
Des l\Ioines, 28-L 
Dexter , 423. 
Dillon, 20-1. 
Dunbar, 20-l. 
Earlham, 498. 
Elmira, 47. 
Ferguson, 20-1. 
Gladbrook, 20-t 
Glendon, 423. 
Gilman, 20-:1. 
Green 1\Iountain, 20-t 
Guthrie Center, -:123. 
Hanley, -:198. 
Hastie, 284. 
Haver hill, 20-1. 
Herndon, 423. 
Io,va City , 47. 
J . t •")3 . ama1ca, ~- . 
Lamoille, 20-1. 
Laurel, 204. 
Le Grande, 20-l. 
Liscomu, 20.J.. 
Lone Tree, 4,. 
Lorimer, -l-98. 
Luray, 20-!. 
nialta, 20-:1. 
1\Iarshalltown, 20-1. 
l\Iason Citv. 131i. 
l\Ielbourne, 20-1. 
1\Ienlo, 423. 
l\Iillma,n, 2, 4. 
l\Iitchellville, 2 -l. 
l\Ionticth, 42:J. 
1\Iorse. -:17. 
Oralabor. 2 -1:. 
Oxford, 47. 
Peru, 49 . 
Pickering, 20-1. 
Polk C'itv .Junction, 2~-1. 
Portland, 136. 
Plymouth, 136. 
Quarry, 20-L 
Rockton, 20-!. 
Rhodes, 20-!. 
Runnells, 28-!. 

INDEX. 

EleYations. 
San tiag:o, 21:l-1. 
Sa,~·lor, 2R-l. 
Sheldahl. 23-l . 
Sta,te C'cnter, 204 . 
St. Charles. 4HR. 
Stuart, 423, •Hl8. 
Solon. -l-7. 
TannerYille, 2 ·-L 
Tiffin, -l.7. 
Truro, 2H8. 
Valley .Junction, 28-1. 
·van Cleve, ~04. 
·ventura, 131i. 
vVinterset, -!B8. 

Elliott, .J. "\V., acknowledg1ncnts, 
E1nery mine, -:1-'i -l-. 
J<jmery, Rush, cited. 202. 
Enlolinon circulHs, 22:3. 
Erosion curYes, 420, 497. 
Eskers, Cerro Gordo countv, 1 ii. 
Eureka 1nine, 35:3, 356, 363, '365. 

Quarry, 328. 

F anslers mines, 4:3:i, 4 7-!. 
Fa,ults in cotil, 300. 
Fauna of coal measures, :mo. 
Fcu·ositcs C1lpcnc11)';is. :;9, <i:.J, li<i. 

Clll1HOHSi, o:3, lili. 
farosus, 456. 
his11igcri, 45fi. 
plc1c<: 11/a, 39, 60. 

Fayette, breccia. ,38. 
County, work in, l,i. 

Ferguson, eleYation. 20-!. 
Fish fauna of the De,·oniu,n , 24, 74. 
:B'ishcr mine, 4 ,:3. 
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FistulipOl'CL noclulij°£·n1, -!47. 
Fitzpatrick, T . .J., acknowledgments, 10-L 
Flagging stone in .John::;on county. !J!l. 
Flint Brick Co., :JO-I, :3i9, :38,i. 
!<'lint ·vallev 1uine, :J:'>:3, :36-l-. 
Fletcher,('. D., deep well, 3:36. • 
Floyd county, work in, 2;3. 
Fluxes in paving brick, :37-l. 
Flynn, Tbo1nas, acknow ledg1nen t~. 4 i. 
F.:ord, clay, a12, :nn. 

Cotil. :312, :3HJ. 
Sandstone, 49:t 

l?orest bed, -!Ii . 
Trees of Johnson County, hv T. 

H. :\Iacbridc, 10,3. ' • 
Fossil:; fron1 Cretaceous, 4,>:3, -1,i~. 

Coal measure, 8:3, :3:J0. 
Devonian, 10 . 
Loess, 89, 344. 

Pragn1ental limestone, 011, 52-!. 
JPredegill, .J. ir., brickyard, :3!J8. 

T . .J .. brickyard. 3H8. 
Freezing tests of stone·, 2-!9. 
Fusalina limestone, ;,17, ;;19, .'52-1-. 
Jt111sali1Hl cyli11clrico, a:10, 01 . 

i·c11t ricoso, 519. 
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Galesburg Vitrified Brick Co .. 3i9. 
Gannett, Henry, cited, 422. 
Garver mine, 364. 
Gaulocker brickyard, 102. 
Gee:st in )ladi::;on county. 520. 
General section of Cedar Valle) lime

stone, 'i 1. 160. 
Lime Creek shales, 

163. 
General supervision of work, 24. 
Geological formations, Cerro Gordo 

county, 144. 
Guthrie county, 42'i. 
Johnson county. 54. 
nladison county, 504. 
l\larshall county, 21 . 
Polk county, 2u3. 

Geological structure of l\larsball coun
ty, 24-0. 

Geology of Cerro Gordo county, 121. 
Guthrie countv, 413. 
.Johnson county, 37. 

• l\Iadison county. 4 9. 
l\Iarshall county, 201. 
Polk county, 263. 

Giant mine, 319, 364. 
Gibson mine, 31 , 356, 361, 362. 
Gilbert, G. K., cited. 352, 422. 
Gilman. elevation, 204. 

Brick & Tile Co .. 255. 
Glacial scouringsin .Johnson county. 6. 

l\Iarsball countv, 239. 
Gladbrook. elevation. 204. · 
Glendon coal, 470. 

Elevation, 423. 
Section, 470. 

Gordon, (;. H., cited, 500. 
Goniotitc/3 i.cion. 168. 

nolencsis, 332. 
Grr1phiocri11us 7ongicirrifcr, 224. 
G1·asses of Iowa, 16. 
Gravel, Guthrie county, 4 0. 

Polk county, 348. 406. 
Greenbriar Coal Co., 472. 
Green !\Iountain, elevation, 204. 
Greenwood Park, deep well. 409. 
Gross brickyard. 102. 
Guthrie Center. boring, 442. 

Elevation, 423. 
Guthrie county. geology of. 413. 

Alluvium, -l6H, 476. 
Analysis of clays, 476. 
Area, .J-17. 
A.rtesian wells, 484. 
Brickyards, 476. 
Building stone, 479. 
Carboniferous, 427. 
Clays, 475. 
Coal, 4ti9. 
Cretaceous, 4,11 , 475. 
Dale City coal, .J-70. 
Dakota, 451. 
Deep coal seams, 4 70. 

Guthrie county. o 
Des l\foines formation, 428, 475. 
Drainage, 423. 
Early geological ,vork in, 417. 
Economic products, 469. 
Elevation!>, 423. 
Fanslers mine, 474. 
Forest bed, 468. 
Gravel, 4- 0. 
Iow·an loess, 463. 
Karnes, 468. 
Kansan drift, .J-60. 
Location, 417. 
Loess, 463. 
1\Iining industry, 4i2. 
11issourian, 446, 4i9. 
Natural gas, 4 1. 
Overwash plains, 46 
Physiography, 41 
Pleistocene, .J-60. 
Pre-Kansan, 461. 
Sand, 480. 
Soils, 4 6. 
Stratigraphy, 426. 
Stuart boring, 4il. 
Sutherland well, 4i0. 
Terraces. 46 . 
Topography, -11 . 
Water supplies, 4 3. 
"\\risconsin drift, -166. 
"\V-ork in, 13, 20, 26, 29. 

G!fpic111lc1 n1unc7a, 169. 
COnliS, 167. 

H ackberry Grove beds, 161. 
Hadley. E. E .. acknowledgments. 45 . 
Haine::. bL·ickyard, 402. 
Hall, James, cited, 37, 25 , 352. 
Hall mine, 353. 
Hanley, eleYation. 49 . 

Section, 505. 
Harmon, b1·ickyard, 255. 
Harmon & Hug, tile works, 403. 
Harris mine. 474. 
Haskins brickyard, 399. 
Ha:::.tie. coal horizon, 319. 

Elevation, 264. 
1\Iines, 360. 

Haworth, E .. cited, 4-+l. 450. 
Have1·hill, elevation, 204. 
H<:licina occ11lta, 336. 
1-Idicocliscus lineatHs, 237. 
Hepner, Emanuel, \\'ell section. 22 
Herndon, ele,·ation, 423. 
Hess, Samuel. acknowledgments, 10-1. 
Hicks, Earl, cited, 422. 
High Bridge mines, 324. 
Hill brickyard, 39 . 
Hoen & Co., 23. 
Horton brickyard, 478. 
Houser, G. L., acknowledgments, 104. 
Howard county, work in, 15. 
Hulme mine, 356. 360. 
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Hughe1:; & Clark 1nine -li-!. 
llllstcdio n10l'nio11i, 331, 333. 4:10. 4-!i, 44 

512, 513, 514, 515. 
Hutchinson quarry, 6-!, 96. 

I ndependence beds, 57. 
Idiosll·oma caespitosuni, <:H. 
Illinois drift, 1 . 
Io,va Brick Co., 379, 386. 
Iowa Central mine, 353. 
Iowa City, brickyards, 102. 

Coal measure outlie1·, 0. 
Elevation, 47. 

Iowa Fuel Co., 361. 
Iowa Pipe and Tile Co., 400. 
Iowa Printing Co., 23. 
Iowa river, 47, 205. 
Iowan drift, 18, 40, 86, 123, 174, 2:34, -l-63. 
Irish, Gilbert, acknowledg·menls, 10.J . 
I rains quarry, 530. 

J amaica, elevation, 423. 
Johnson county, geology of, :37. 

Alluvium, 90. 
Anamosa limestone, 54. 
Anomalous divides, 46. 
A.rea, 37. 
Bertram beds, 57. 
Building stones, 95. 
Carboniferous. 79. 
Cedar Valley limestone, 62. 
Clays, 101. 
C. 'oal measures, '79. 
Coggan beds. 5'7 . 
Deformations, 93. 
Des 1\1oines formation, 79. 
Depth of Pleistocene deposit:,, 90. 
Devonian, 51. 
Drainage, -17. 
Economic products, 93. 
Elevations, 46. 
Fayette breccia, 5 . 
Flagging stone. 99. 
l!'orest trees, 10,>. 
Fossil fish, 10 . 
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St. Charles, 313. 

Quarry. ele-vation, 204. 

R aihvay ballast in Johnson county, fl . 
Randall, Ade, acknowledgmenti:,, 19,3. 
R.apid creek, 52. 
Rattler te::;ts of brick, 3 0. 
Rawson mine, 353. 

Tile yard section, 302. 
Redhead mine, 353. 
Relief of 1'Iadison county, 496. 
Ren::slo\\ wine, 4i9. 
Report of State Geologist, 11. 
Reese mine, 353, 434-. 
Resurrected rivers, 502. 
Rhodes, eleYation, 204. 
Itltaclocl'i1111s 'kirlcgi. 224. 

ll'(Oll/S, 22.,J.. 
1ratcrsi<11111s, 224. 

llhonibopo,-u lcpidoc7c11cl1·0idcs, 3:30, 333. 
-1,4,, 44 . 

Ithy11chonclla pug1111s. 72, i , 79, 169. 
i nl<., ,·nwd ia, 59. 
llf((, 331, 333. 431, 513, 514. 

River tlood plains. 45 . 
River .Junction brick,tird. 101. 
Riley mine, 365. · 
Road materials, nhirshall count~, 206. 

l\Iadison county, 531. 
Polk county, 406. 
.Johnson county. 9 

I{obert::son quarry, 514-, 526. 
Rocky Bluffs, 467. 
Rockton, eleYation, 204 . 

Quarries, 245. 
~ t· ·>1c· ueC lOll, - >. 

l{ose Hill section, 30H. 
Rubble rock, 5~9. 
Runnells, elevation, 2 '-!. 

1\Iines, 360. 
Carbondale exposures, 311. 

• 

' 
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Saint Louis limestone, 227, 252. 
Salisbury, R. D., acknowledgments, 20. 

:1:12. 
Cited, 298, 341, 349, 

351. 
Sand, Guthrie county, 453, 480. 

Johnson county, 100. 
Sanders, Euclid, ackno,vledgments, 104. 

Creek, 52. 
Quarry, 64, 81, 96. 

Santiago, elevation, 284. 
Saylorville mine, 322, 410. 
Sch izodt<S alpina, 331. 

elegantinus. 224. 
globasus, 224. 

Scott county, ,vork in, 15. 
}.line, 365, -135, 474. 

Sewer pipe, 369, 400. 
Shackelford. Lincoln, brickyard, 397. 

Louis, brickyard, 397. 
Shales. Polk county, 367. 
Shaver, P. E .. acknowledgment!-. 104. 
Sheldahl, eleYation, 284. 
Shell Rock, falls exposure. 1,36. 

River, 139. 
Valley, 128. 

Shepherd, Hugh H., acknowledgments, 
195. 

Shimek, B., acknowledgments, 10-!, 236. 
Shueyville ice lobe, 43. 
Sichocl'inus in.01·11atus, 224. 
Sieg & Size brickyard, 25-!. 
Silurian fossils in Cretaceous, -!5~. 456. 

J obnson county, 54. 
Simon & Son brickyard, 47 . 
Sioux quartzite report, 15. 
Skandia mine, 360. 
Skunk river system, 209. 
Soleniscus gl'acilis, 332. 

hu,nilis, 332. 
newbe1·ryi, 332. 
paludinrefonnis, 332. 

Bolohoniya solenifrn·n1is, 331. 
Soils, Cerro Gordo county, 179. 

Guthrie county, 486. 
Johnson county. 92. 
?.lapping of, 14, 20. 
Marshall county, 258. 
Polk county, 405. 

Solon, elevation, 47. 
Lobe of ice sheet, 43. 

Source of Clear Lake, 142. 
South Des Moines mines, 325. 

River exposures. 514. 
Spencer, A. C., in 1-ladison county, 493. 
Sphael'don medialis, 332. 
Spi1·ifer biplicatus, 225, 226. 

carneratus, 333, 4':!7, 448. 505, 506, 
509, 511, 512, 514, 515. 

cyrtinaformis, 168. 
extenuatus, 226 
.fimbriatus4 168, 169. 
hunge1jorai, 168. 

Spi1·ifel' kentuckensis, 333, 430, 513, 515. 
lineatirn, 331, 333, 447, 448, 512, 

513, 514. 
1nacbridci, 168. 
ol'estes, 167. 
pa l'ryan us, 63, 64, 66, 61, 69, 70, 

160. 
pe,u1atus, 59, 60, 62, 63, 68. 
plano-co1trcxus, :333, 430,431,447, 

506, 509. 
rockyniontanus, 331. 
striatus, 219. 
subundifcrus, 63. 
whitncyi, 166, 167, 169. 

Spurr, J. Edward, cited, 458. 
Standard mine, 36J. 
Star mine, 360. 
Stapes mine, 473. 
State quarry, 72, 97. 

Center, elevation, 204. 
Geologist's report, 11. 

Statistics of coal produetion, 358. 
Steelsmith, G. L., cited, 260. 
Stockton, .J. D., acknowledg1nents, 411. 
Stone industl'y of Cerro Gordo county, 

187. 
Story county, ,vork on, 15, 27. 
Stout, J. E. : cited, 481. 
8tl'Cl)J<trollus catilloicles, 332, 514. 

eyclostonius, 6..J-, 70, 71. 
latits, 332. 
pcl'1lO(]OilUS, 332. 

Stratified drift, 235. 
Stratigraphy, Cerro Gordo county, 1..J-..J-. 

Guthrie county, ..J-26. 
Johnson county, 53. 
l\ladison county, 503. 
~1arshall county, 210. 
Polk count~, 28.3. 

Streams, see Drainage. 
Strength, paving brick, 37':!. 

l\larshalltown stone. 248. 
Winterset stone, 525. 

Strcplacis H'hitfieldi, 332. 
Strcptolas1nci sporigaxis, 456. 
J:;triutopora rugosa, 63, 66. 
St robilocystitcs cal vini, 71. 
Stronibodes joha11nis, 167. 
Stromatoporella incrustans, 167. 
Stropheodonta al'cuatct, 167. 

calvini, 168. 
canace, 168. 
dernissa, 59, 63. 
perplana, 16'7. 
µariabilis, 167, 168. 

Stroplionella hybric1a, 167. 
rerersa, 167, 168. 

St. Charle&. elevation, ..J-98. 
Quarries, 506, 513, 531. 

St. John, O. H., cited, 22, 268, 417, 428, 
430, 431. 435, 436, 442, 458, ..J-59, 466. 

Stuart boring, 471. 
Elevation, 423. 
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Stuart Brick & Tile Co., 477. 
Stuart Prospecting Co., 4il. 
Sub-Aftonian, 231,521. (See, also, Pre-

Kansan.) 
1 uccinea at·ara, 237, 335. 

obliqua, 237, 336. 
Suggard & Saint mine, 475. 
Sutherland well, 470. 
Synocladia biserialis, 330. 333. 
Synthetodus l ,-isi<lcatus, 112. 
Sulphur mine, ·:153. 

Tann mill section. 430. 
Tamworth, elevation, 28-1. 
Tate, F. C., work of, 23. 
Taxocrinus jletchc l'i, 224. 

intermediu:,, 224. 
Taxonomic relations of fish bed, 77. 
Technolo~y of paving brick, 3i3. 
1'erebratuta dielasma, 44 7. 

pla no-sulcata, 219. 
Tentaculites 7ioyti, 63. 
Terraces. l\Iarshall county, 209. 

Polk county. 351, 46 . 
Terrace Hill section, 308. 
Terrace mill exposure, 81. 
Tests, l\1arshalltown stone, 247. 

Paving brick, 379, 3 3. 384, 3 6, 
390, 392. 

Winterset stone, 525. 
Thomas & Son brick. 404. 
Thomas, 1vI. C. , cited, :35-1. 
Thomas mine, 474. 
Th1·inacod1ts duplicatus, 3:32. 
Tiffin brickyara, 101. 

Elevation, 47. 
Tiffin Tile Co., 101. 
Till ville section, 519. 
Tilton, J. L., cited, 267, 341, 448, 493, 

500, 523. 
Work of, 13, 21. 
and H. F. Bain, geology 

of l\Iadison county. 4 9. 
Timber creek quarries, 217, 245. 
Tippey & Decker brickyard, 399. 
Topography, Cerro Gordo county, 122. 

Guthrie county, 418. 
Johnson county, 39. 
l\1adison county, 494. 
Marshall county, 202. 
Polk county, 268. 

Topographic work of U.S. Geol. Surv., 
24. . 

Toronto beds, 19. 
Trachydornia wheeleri, 332. 
Truro, elevation, 498. 

Quarries, 531. 
Two Rivers mine, 353. 

Unconformities, Cerro Gordo county, 
181. 

Union mine, 363. 
Johnson county, 94. 

United States Geological Survey, 18, 
19, 20, 24. 

Upham, Warren,cited, 121,345, 418, 464. 
Cpland meanders, 500. 
Upper coal measures, 428. See also 

:.I isso u rian. 

V alley Junction boring, 290. 
Elevation. 284. 

Valley trains in Cerro Gordo county. 
177. 

Polk county, 34:8, 406. 
Vallonia pulchella, 237, 336. · 
Value of quarry products, Cerro Gordo 

county, 1 6. 
\ Tan Cleve, elevation, 204. 
Van Ginkle brickyard, 399. 

mine, 365. 
Van Hise, C. R., cited, 297. 
Van Hyning, T., acknowledgments. 

412. 
Van l\1eter coal. 470. 
Ventura, elevation, 136. 
Vermilya·s bluff, 156. 

W achsmuth and Springer, cited, 202, 
224. 

Wales mine, 436, 4:74. 
Walker, T. l\I., acknowledgments, 411. 
Wallace. W. l\I., ,veil record, 231. 
Wapsipinicon limestone, 57, 95. 
Water po·wcr, Cerro Gordo county, 19-!. 

Johnson county, 104. 
l\1adison county, 536. 
1Iarshall county, 262. 

Water supplies, Cerro Gordo county, 
192. 

Guthrie county, 483. 
Johnson county, 104. 
l\1adison county, 535. 
l\1arshall county, 269. 
Polk county, 409. 

Watson mine, 353. 
Weatherby, Harry, acknowledgments, 

230. 
,vebster, C. L., cited, 122. 
Weeks, pottery, 4:02. 
West Riverside mine, 353, 36-!. 
Wes tern mine, 363. 
Wheeler, H. A., cited, 373. 

Formula, 380. 
White, C. A., cited, 38, 121, 201, 220, 

268, 291, 345, 417, 444, 450, 451, 457, 
493. 

White, S. W., acknowledgments, 317 
411. 

White Ash mine, 323, 364, 434, 474. 
Whitney, J. D. , cited, 201, 219. 
Wilkins, J. A., acknowledgments, 494 
Williams, H. S., cited, 122. 
Williams brickyard, 400. 
Willow creek, 130. 
Winburn, G. L., brickyard, 399 . 
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Winchell, N. H., cited, 458. 
Winchell, H. V., cited, 458. 
Winterset, elevation, 498. 

Limestone, 517, 524, 525, 528. 
Winter mine, 474. 
vVinslow, A ., cited, 500. 
vVisconsin drift, 19. 

Cerro Gordo county, 143,176. 
Guthrie county, 466. 
l\Iarshall county, 238. 
Polk county, 34-1. 

Witter, F. M., cited, 481. 
Woodbury mills section, 215. 
Wood, Thos. L .. acknowledgments, 411. 

W ortben, A. H., cited, 22, 268, 291, 335, 
352, 457, 458. 

Wright, G. Frederick, in Io,va, 23. 
Wulke brickyard, 254. 

Y oungerman brickyard, 398. 

Z aph1·entis stokesi, 458. 
Zinc, ,vork on, 15. 
Zonites arboreus, 336. 

fulvus, 237. 
shinieki, 237. 

Zorn, G. W .. acknowledgments, 247. 






